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INTRODUCTION
Architectural authorship is not a singular act but rather 
a series of reciprocal exchanges between a designer, 
their selected tools, the mediums they engage, and 
the context in which their work is created. The guiding 
handof thearchitect and thecontrol itwields fluctuates
during the realization of a design intent. The following will 
deconstruct the notion and definition of architectural
authorship through a critical review of the history of craft 
and architecture. A series of case studies explored the 
role and latent tendencies of tools and mediums to par-
ticipate in the design process beyond mere facilitators 
of a predetermined conclusion. Authorial exchanges 
between user, mediums, and technology—a KUKA 
industrial robotic arm—were documented from the 
formulation of the design intention up through its reali-
zation as a physical condition. The goal of the research 
is to encourage the machine, the robotic arm, to eman-
cipate itself, at least partially, from the commands and 
instructions of the designer.1

AUTHORSHIP AND CRAFT
In Denis Diderot’s The Encyclopedia, craft is “the name 

given to any profession that requires the use of the 
hands, and is limited to a certain number of mechanical 
operations to produce the same piece of work, made 
over and over again.”2 Prior to the machine age, creat-
ing a series of identical objects through handcrafted 
production was extremely difficult, if not impossible, 
due to the unique variables of the designer, their tools, 
their chosen materials, and the context in which the 
production was formalized. This process of making 
illustrates that, although the design idea may begin 
with the human, the outcome is the result of input from 
a variety of interpreters and there is value in the vari-
ations present within each iteration. Individually, each 
of these variables and constraints have limitations, but 
collectively they contribute a number of unique aspects 
toward a final product.Under these conditions, author-
ship cannot be credited to a single user but rather as a 
series of authorial exchanges between all mechanical 
participants of the making process. 

By the 19th century, industrialization and machine 
technology shifted focus away from handcraft and 
human skill and toward standardized, efficient, 
assembly-line production.3 It was the requirements 
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of a growing society, conflicts between nations, and 
the “uniquely American penchant for scale and 
speedthat ultimately created the mass-consumption 
economy.”4 In order to rise to the demands of the 19th-
century industrialized society, emphasis was placed 
on maximizing the output and efficiency of factory 
machines rather than the efforts or abilities of the fac-
tory worker.5 It was not that the human hand was no 
longer required for production, but that the role of 
the hand was reassigned to that of designer and engi-
neer in an environment where mechanical prowess 
overshadowed traditional handcrafts. The burgeon-
ing consumer market expected uniformity in product 
construction, believing that any two items made by 
the same manufacturer and purchased for the same 
price were required to be, if not identical, comparable 
in quality, function, and appearance. This expectation 
set a prevailing tone across many industries which 
sought to quickly and efficiently provide product 
solutions to the consumer through the use of tireless 
mechanical workers. Mechanical production did not 
fully eliminate the possibility of errors or variation during 
manufacturing,but it did significantly increase the likeli-
hood of identical output.  

The expectation that mechanical technologies will 
improve the quality of a constructed object or simplify 
the design-to-object trajectory prevails today. Although 
an operator engages technology with a desired result in 
mind, idiosyncrasies within the machine and perceived 
mechanical errors or glitches highlight the question 
of who or what authors the final result. Authorship 
within this context cannot be reduced to an autocratic 
condition, but rather it is a sequence of informal 
exchanges of information and control between the 
designer and the mediums informing the realization 
of a design intention. This raises the question of how 
we, as makers, perceive tools. Lars Spuybroek states 
in The Sympathy of Things: Ruskin and the Ecology of 
Design: “The oldest forms of technology are tools, like 
the hammer and the sword; they are operated by hand, 
and interwoven with complete ecologies of action, with 
a much wider network of activities than simple use. 
Tools have persistently been misrepresented through 
the notion of use, which defines action as fixed pur-
pose.”6 If the fixed purpose of a tool is reconsidered, 
can tools participate in the design process as instiga-
tors and contributors to the development of a design 
intention instead of only being perceived as mere 
facilitators of a task?

A classic example of how craft and authorial exchange 
interrelate during the production process is evident in 
the creation of abstract paintings by the artist Jackson 
Pollock. Paintings such as Lucifer from 1947 were not 
preplanned compositions but rather the result of the 
consequential effects of Pollock’s procedural process
of painting.7With the canvas on the floor, Pollock would

distribute various colors of paint via dripping, splat-
tering, and pouring. Working iteratively and post-ra-
tionalizing the effects after each step, compositional 
order and varying degrees of difference in the pattern
would emerge over time. Pollock’s tools and mediums 
are equal contributors to the painting’s overall legibility 
and aesthetic. The material behavior of the paint, the 
brushes chosen to distribute the paint, how the brushes 
are held, the proximity of the canvas to the paint brush, 
and the manner in which paint is dripped, poured, and 
splattered are all contributing factors to the overall char-
acteristics of the painting. 

For Pollock, the primary tools of choice for generat-
ing paintingswere a number of different-sized brushes.
However, he did not use the brushes in a familiar or 
expected manner. Pollock did not directly engage 
the canvas with the brush. The brush served as an 
intermediary between the hand, the paint, and the 
resultant effect on the surface of the canvas. Pollock’s
engagement and use of his brushes challenges the 
notion that he is simply wielding a tool at his own dis-
cretion. Rather, the brushes are actively participating 
in the painting’s compositional language by acting as 
a vehicle for emerging and accumulative effects. The
stiffness, flexibility, density, and location of each bristle
informs the quantity of paint delivered with each ges-
ture. The material agency of each individual bristle, and 
the bristles as awhole, actively contribute to the figural
result on the canvas.

A tool is something that is actively guided by a 
human, with an expected level of performance, for the 
purposes of executing and completing a particular task 
with a desired outcome. A tool facilitates the end goal 
of the designer by adhering to the commands of the 
user. Alternatively, mediums operate as negotiators 
between the designer and their tools. Mediums pos-
sess inherent tendencies and behaviors that are initially 
unknown to the user until the medium is engaged and 
explored. Once revealed, mediums can challenge early 
assumptions about the procedural operations, design 
methods, and preconceived outcomes of the design. 
Like a misunderstood tool, mediums have the potential 
to reveal design opportunities and possibilities through 
latent characteristics. 

It is natural for consumers to identify tools simply 
by their perceived functions, which inherently renders 
them useless until an author activates them. In his book, 
Tool-Being, Graham Harman describes tools as oper-
ating in an inconspicuous usefulness where the user 
does not even notice or recognize the tool is actively at 
work.8 The unassuming tool remains anonymous in the 
design process until a specific deviation ormechanical
failure brings the tool into the forefront as an antagonist, 
working against the designer. Perhaps this hierarchical 
scenario can be reinterpreted to grant the tool agency 
as an active author in the design process.

Figure 3: Time-lapse 
photography light 
drawing comparing 
the linear versus point-
to-point motion paths 
with the KUKA robot.

Figure 2: Illustration 
of the KUKA KR 60 
industrial robotic 
arm’s range of 
gestural motions.

Figure 1: Illustration 
of the KUKA KR 60 
industrial robotic arm, 
highlighting the arm’s 
individual axes and 
locations. 
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AUTHORSHIP AND TRANSCRIPTION 
IN ARCHITECTURE
Mario Carpo’s book The Alphabet and the Algorithm
highlights the historical importance of architectural 
authorship through the influenceof LeonBattistaAlber-
ti’s intellectual authorship, and Filippo Brunelleschi’s 
artisanal authorship. Brunelleschi’s design and con-
struction of the dome for the cathedral of Santa Maria 
del Fiore in Florence, Italy is an example of traditional 
design-build architecture of the Italian Renaissance. As 
designer and builder, Brunelleschi actively participated 
as the guiding hand of fabrication during the realiza-
tion of his original designs, rather than transcribing 
the design for builders to construct independently. 
Brunelleschi personally oversaw the translation of his 
design concept into the scale of the building. In place 
of construction drawings, the dome was constructed 
using a fabrication logic and methodology realized by 
the innovative lifting machines designed by Brunelleschi. 
For Alberti, his role as designer ended with the transcrip-
tion of the architectural design idea into a set of draw-
ings. Architectural authorship was seen as an intellectual 
endeavor that materialized as a representation on paper 
that would be constructed later by builders. The final
structure was merely a copy of the drawings realized 
in physical form, to scale.9 Unlike Brunelleschi, Alberti 
would not be present on site to revise his original design 
or ensure the building was rendered correctly from the 
initial plan, and so the buildings designed by Alberti were 
highly vulnerable to interpretation by those charged with 
their construction. 

This is still the case in contemporary architectural 
practice. Interrogation and interpretation of architectural 
drawings by the builders, unforeseen site conditions, and 
material indeterminacy can alter what Mario Carpo calls 
“the relation of identicality between the original and its 
reproduction.”10 The transcriptive method developed 
by Alberti and the dictatorial methods of Brunelleschi 
both rely on control within a human-centric vision of 
authorship. Contemporary practice has moved toward 
using technology in a similar way to Alberti, where the 
digital design is allowed to act as an overarching plan, 
and the subsequent mechanical output, like 3D printing, 
is viewed only as a tool that responds to input.

CONTEXT
The exploration of tool latency and design authorship 
is evident across a wide range of design and visual 
media disciplines. The mechanical devices created 
by American artist Roxy Paine as part of his SCUMAK 
(1998) series generate painterly objects through the 
incremental heating, melting, and depositing of colored 
polyethylene on a surface, slowly over time. The suc-
cessive layering of melted material gives rise to unique, 
non-repeatable compositions. Paine says the art of the 
objects resides “in the displace contradiction that the 

origin of those natural forms comes from mechanistic 
processes. It’s in the dialog between what is carefully 
prescribed and what is naturally happening, and it’s in 
the translation of geologic forces into the form of phys-
ical paintings.”11 The hand of the artist, in this instance, 
resides in the construction of a machine which com-
pletes a task in a particular context (the art gallery), and 
the result of that creative process is the “potential” of an 
uncontrolled product.12

Another example of mechanized creative practice 
can be seen in the cement printing by British sculptor 
Anish Kapoor. Kapoor embraces the indeterminacy and 
expressive capabilities of a material unconstrained by 
a constructed formwork or expected formal outcome. 
In his series Between Shit and Architecture (2011), 
Kapoor examines both the construction process and 
the material qualities of concrete by asking viewers to 
consider the extrusion process, both a natural phenom-
enon and an architectural technique, as a generative 
method for production. The visceral concrete columns 
made from spiraling concrete strings questions whether 
the recognizable form (a column), the material (con-
crete), the machine (a mechanical extruder), or the 
artist defines the object as a piece of art.13

Similarly, Gramazio Kohler at ETH in Zurich inter-
rogates the architectural production process through 
research projects implementing industrial robotics as 
an integral component to the generation and realiza-
tion of a design concept. Their introduction and use of 
robotics within architecture aims to unify design and 
production in order to expand the possibilities of archi-
tectural materialization.14 Whether by catapulting clay 
with the assistance of machines to form aggregate 
structures over time, or as in The Foam project, where 
continuous streams of polyurethane foam are extruded 
with an industrial robotic arm, material morphologies 
and nondeterministic investigations reveal that author-
ship can be shared or handed over to other sources 
besides the human.15 

To extend the dialog perpetuated by Kohler and 
reinforced by Kapoor and Paine, this paper explores the 
latent potential of the KUKA robotic arm as an agent or 
author in the architectural design process. To this end, 
a series of investigations were conducted at Ball State 
University to explore the extrusion process. The goal of 
each study was to search for the hidden aptitude within 
the machine to participate and contribute to a design’s 
development without the explicit instruction of the user. 
The project questioned in what manner and at what 
point might an exchange of authorship occur between 
the human and their selected tools and mediums. 

TOOL AUTOPSY
As industrial robotic arms become more integrated 
and ubiquitous within the architectural discourse, it is 
common to see designers focus on the function and 

capabilities of the end of the arm, or the sixth axis. It’s 
similar to a pitcher in baseball: the effectiveness of 
a pitch may begin with how the ball is gripped in the 
hand; however, it is the entire motion of the arm, as well 
as the movement of the body with the pitching arm, 
that contributes to the ball’s trajectory in equal mea-
sure. By ignoring the entire series of possible motions 
lurking within the robotic arm, the functionality of the 
arm is underdeveloped and ripe for investigation. With 
this in mind, preliminary applications were explored 
using a KUKA KR 60 industrial robotic arm in order to 
identify latent conditions within the arm’s gestural 
movements (fig. 1).

The tool autopsy is a critical exploration into the 
robot’s constituent parts and the operational logic that 
explicitly and implicitly informs the arm’s movements. 
The KUKA KR 60 robot has the ability to perform three 
basic motion paths: circular, linear, and point-to-point. 
Linear and circular motion are prescriptive paths of 
travel definedby theuser.Point-to-point,orPTP,motion
is an unpredictable, gestural movement informed by the 
capabilities of the arm’s axes to move at certain speeds 
(fig. 2). In a PTP motion path, the designer indicates 
the locations of points in Cartesian space for the robot 
to travel toward and reach. The arm interpolates the 
most efficient path of travel based on the arm’s initial
positioning, the location of the points it must travel to, 
and the arm’s slowest axis. These constraints collec-
tively contribute to a series of impromptu movements. 

In order to illustrate the range of difference between a
linear motion path and a PTP motion path comprised of 
the same points, a time-lapse photography light drawing 
was produced (fig. 3). The light drawing highlights the
differences between the two paths based onmoments
where the curves overlap and the degree of separation 
that occurs when the arm is free to author its own tra-
jectory via PTP motion.

A second series of studies explored the authorial 
opportunities hidden within the robotic arm through the 
translation of digital patterns into robotically transcribed 
physical drawings. The setup to execute the drawings 
with the robot included the 3D modelling software Rhino, 
the KUKA|prc plug-in for Grasshopper, a custom spring-
loadedmarkerholder as theendeffector,andadrawing
surface with Bristol paper. The robotic arm, using point-
to-point motion paths, transcribed patterns generated 
in Rhino. The results were drawings that deviated sig-
nificantly from theoriginal,digital transcriptions (fig.4).
Many contributing factors determined the transition of 
authorship from the digital file to the robotic arm—fac-
tors such as the digital translation of the user designed 
pattern to a source code language that would allow the 
robot to run, the PTP motion path discerned by the arm, 
themarkerwithin theholderendeffector, thepaper,and
the surface beneath the paper (fig. 5). All of these par-
ticipants contributed to the final drawing. The process
highlighted the futility of producing identical final draw-
ings, even though identical digital source material and a 

Figure 5: Drawing 
being transcribed 
by the robotic arm 
using point-to-point 
motion paths.

Figure 4: Two 
examples comparing 
the difference between 
patterns generated 
digitally versus 
the same patterns 
transcribed by the 
KUKA robot using 
point-to-point 
motion paths.
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precise mechanical instrument were used as tools for 
the study. Each independent attribute that contributed 
to the drawing exhibited inherent and latent charac-
teristics which informed the final outcome (fig. 6). The
irregularities evident in the attempted duplication of the 
drawings echoed back to the conditions and emergent 
patterns within Pollock’s paintings. Upon assessing the 
results of these studies, it was determined that further 
exploration of the potential for machine agency and 
research into authorial exchange using the robotic arm 
would be conducted through three-dimensional, addi-
tive fabrication techniques. 

ROBOTIC CRAFT
The intention behind exploring additive fabrication 
with point-to-point motion paths via the KUKA robotic 
arm was to explore the possibility of tools operating as 
mediums and acting as real-time authors of a formal 
construct. The setup for material extrusion included 
sourcing the original digital data from the animation 
software Autodesk Maya, the KUKA|prc plug-in for 
Grasshopper in Rhino, the robotic arm, a custom end 
effector consisting of a pneumatic caulking gun with 
an airline connection, an air pressure gauge, high-
strength construction adhesive, and an aluminum 
build platform (fig. 7).

The process began by sourcing the digital data from 
Maya to translate into the KUKA source code. If autho-
rial exchange was going to occur generatively and thor-
oughly throughout the production process, the digital 
blueprint files needed to participate in the exchange as
well. Autodesk Maya has the capacity to simulate phys-
ics in a digitally dynamic environment. For this study, a 
network of curves assigned dynamic properties which 
could, over the course of time and throughout a num-
ber of simulations, begin to imply the geometric profile
of a cone. Extruding material consistently in the Z-axis 
informed the rationale behind the conical geometry. 
During the simulations in Maya, the dynamic curves 
possessed inherent tendencies and agency analogous 
to physical materials. For instance, the curves possessed 
an elasticity due to the structural logic and subdivi-
sion of each curve; a static cling or attraction variable 

Figure 6: Completed 
drawing generated 
by the robotic arm 
using point-to-point 
motion paths. 

Figure 7: Additive 
fabrication setup 
for initial applied 
research studies. 

prompting adjacent curves to interact and stick to one 
another; and a density or mass capable of responding to 
gravity, or additional external forces such as turbulence. 
Therefore, the curve networks could author their own 
final arrangement using these properties without the
explicit instruction of the user. 

The translation and rationalization of four select con-
figurationsofcurvessourced fromMayawascompleted
in KUKA|prc. Prior to the generation of the source code 
for the robot to run, the four sets of curves were sub-
divided into a series of points informing a motion path 
(fig. 8). Alterations to the subdivision logic provided a
number of PTP motion paths which would be explored 
for each set of curves. Approximately 45 overall extruded 
studieswerecompleted forall four setsof curves (fig.9).

During production runs, it became evident that the 
speed of the robot’s gestural movements during mate-
rial extrusion had to be adjusted, as the material, a 
high-strength construction adhesive, had the tendency 
to build up over time and settle (fig. 10). The material
agency of the adhesive was the final interpreter and 
author during production, which was evident by the 
material slumping, drooping, and curling. These material 
characteristics could not be contained or predicted by 
the user (fig. 11). Thematerial’s latent tendencies were
revealed at different moments throughout deposition
or during the curing timeframe. The pattern and trajec-
tory of extrusion, dictated by the point-to-point motion 
path, influenced the quantity and location of material
deposited. The ornamental and structural integrity of 
successive material extrusion became highly informed 
by previous layers of adhesive. Formal qualities and lan-
guage transitioned from redundant surface effects to
irregular rustication and with slumping overlaps.  

Figure 8: Step-by-step 
development of a 
motion path provided 
to the robot. 

Figure 9: Nine 
examples of extruded 
studies generated 
from the four sets 
of curves. 

Figure 10: Locations 
indicating a change in 
the robot’s speed and 
pace during extrusion. 
The settings were 
altered manually 
during production 
in response to 
material behavior. 

Figure 11: Comparison 
of material’s effects 
when production runs 
are executed at higher 
and lower speeds 
utilizing the same 
source digital files. 
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The point-to-point motion path produced multiple 
uniquely authored iterations working with the same 
source content—one set of curves but altering their sub-
division logic (fig.12).The resultant rangeofornamental
effects and build configurations warranted additional
vetting (fig. 13). Howwould a change of scale influence
additional material behaviors with the adhesive? What 
scenarios would allow structural forces to merge with 
ornamental effects? Increasing the surface area of the
extrusion and continuing to modify the motion paths 
began to imply potential architectural applications at 
an increased scale.  

TECTONIC GRADIENTS
Keepingwith the sameworkflowparameters,a newset
of dynamic curves were generated in Maya to increase 
the surface area for the material extrusion. The fabrica-
tion materials used and the preliminary setup were also 
consistent with the previous round of fabrication studies 
(fig. 14). In addition to the scale of the build, conditions
and parameters that prompted the extruder nozzle to 
reengage with previously deposited layers of material 
were encouraged. These conditions tended to occur at 
points of intersection along the path of extrusion within 
the original digital blueprint.   

The extruded pattern, seen in top view in Figure 15, 
consisted of varying amounts of concentrated material 
along the perimeter with a more regular and redundant 
striated interior structure (fig. 15). The largest amount

of ornamental rustication, which developed during the 
deposition process, was located along the outside of the 
pattern. Over time, the legibility and composition of the 
plan evolved and changed with the introduction of new 
material. As was the case in the extrusion of the conical 
geometry, the PTP motion path of the robot and the 
material behavior of the construction material were very 
influential in authoring the formal and tectonic language
of the final form.		

The tectonic aesthetic of the constructed object was 
at times blurred. Throughout the composition, there are 
moments where the layer-by-layer extrusion process is 
explicitly legible and moments where the construction 
logic is not visible due in large part to the absence of 
additional formworkorscaffolding(fig.16).Mostcontem-
porary examples of tectonic aesthetics found in additive 
construction, such as cast-in-place concrete, highlight the 
methods in which the assembly was created. Tie holes 
in exposed surfaces and joint lines left over from the 
formwork not only illustrate the methods used to create 
construction material, but also indicate the limitations 
of the human laborer who will be doing the construction 
work. The common spacing of the formwork joint lines 
corresponds to an eight-ft-long sheet of plywood, which 
an installer can handle without mechanical assistance. 
When visible, these characteristics are routinely accepted 
or expected as a natural result of the construction pro-
cess. One of the takeaways from assessing the objects 
created during the research studies was that the emerg-
ing aesthetics reminiscent of the extrusion process would 
expand the possibilities for what is expected or accepted 
in the final building. Similar to the work of Kapoor, the 
extrusion process can be the predominant method for 
the creation of structural and material forms where pat-
terns emerge as part of that process and embody the 
ornamental and functional aspects of the building. 

APPLIED PRACTICE
Future development of the studies described above will 
follow twoparallel research tracks.Thefirstwill continue
to increase the build scale and modularity of the extruded 
material objects to be used for constructing a small-scale 
pavilion. The second track will explore additive manufac-
turing and authorial exchange with the KUKA industrial 

Figure 12: Range of 
material’s effects 
and prototypes 
produced, along 
with corresponding 
parameters.

Figure 13: Range of 
ornamental effects: 
build formations and 
structural tendencies 
that emerged during 
the research trials.

Figure 15: Top view 
of overall extruded 
object from second 
round of applied 
research studies. 

Figure 16: Detailed 
views indicating the 
locations of emerging 
rustication and 
ornamental effects.

Figure 14: Additive 
fabrication setup 
for second round 
of applied research 
studies. 
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armby using a hotwire foam cutting end effector. In this
project, the point-to-point motion paths will inform the 
cutting of closed-cell polyethylene foam rods into a soft 
topography for public interaction. The setup and trans-
lation process will be similar to the previous studies, with 
the exception that the material being engaged will be 
solid and the cutting process will be subtractive instead 
of additive (fig. 17). Also, the points of the motion path
will be informed and sourced from the built environment 
andreconstituted indigitalspace.Thefinal installationwill
ultimately be located in a small city in Indiana.

As was the case in the other research studies, the soft 
topography project will encourage authorial exchanges 
throughout the design and fabrication process. 
The interpretation and activation of the topography will 
continue with public interaction in the installation space. 
Since it is impossible to fully predict how the public will uti-
lize and engage with the surface, the active installation will 
further blur the lines between typology and expectation. 
The topography will blend the existing exterior wall with 
the horizontal surface of a walkway situated immediately 
adjacenttoapublicbuilding.Itwillbedifficulttodistinguish
where the wall begins and the sidewalk ends, promoting 
a new reading of the built environment. The potential for 
this kind of reading lends itself to the manner in which the 
extruded objects began to blur the legibility of a part-to-
whole relationship within a tectonic assembly. Lessons 
learned from this public installation will be integrated 
back into the development of the pavilion consisting of 
extruded components.  

CONCLUSION
Point-to-point motion allows the robot to activate its 
joints in a manner that enables expression from the 
robot. It still achieves the goal of position, but the path 
in which it travels to get there is without human direc-
tion. As industrial robots become more engrained in 
the production of architectural components, or even 
work collaboratively with laborers on building sites, 
the relationship between human and technological 
medium becomes even more important. When viewed 
as more than an assistant within production processes, 
tools possess the capabilities to unveil potentials and 
avenues of exploration previously unseen. Novel new 
methods for formfinding,material testing,and tectonic
assemblies will emerge when harnessing the knowledge 
gained from feedback between the designer and the pro-
duction process.  
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