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Abstract: This paper presents an experimental work on integrating parametric 
modeling into design studio. First the aim and the scope of the studio structure 
is described  then, the design phases conducted in the studio is defined and then, 
three student projects are analyzed. The last part opens discussion on theoretical 
and pedagogical aspect of parametric modeling in design. 
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methods) a model, a mathematical representation of 
both goals and systems and an algorithm capable 
of generating model solutions and variations (Saun-
ders, Grace, 2009).

 This paper introduces an integrated approach 
on parametric modeling and digital fabrication in 
architectural education. This is the latest step of a 
series of courses in computational design graduate 
studios at Yıldız Technical University Faculty of Ar-
chitecture, conducted since 2005 (Çolakoğlu, Yazar, 
2007a; 2007b; Çolakoğlu, Yazar and Uysal, 2008). The 
parametric modeling studio titled “Designing the 
Design” is developed over these years, lately focus-
ing more on the digital fabrication.

Parametric modeling in design studio

Designing the design implies designing the design 
procedure on geometric and on procedural level. 
Parametric methods force procedural representation 
in which the resulting form is the end result of a de-
signed procedure. Parametric modeling methods re-
quire a higher level of abstraction than in traditional 
processes of designing. At the representational level, 
a designer must understand new concepts such as 

Introduction

In recent years, computational approaches in archi-
tecture started to change the scope of the architect’s 
work. He/she is not any more a passive tool user 
instead, became a casual tool developer. Conven-
tional CAD systems that focus on geometric  rep-
resentation of a designed artifact, are transforming 
into systems in which the design is represented as a 
parametric process. By increasing utilization of these 
systems in architectural design process, parametric 
modeling is integrated not only as a new medium of 
design representation, but also as a design method. 
As Aish and Woodbury (2005; 2006) points out, para-
metric systems increase the complexity of tasks in 
a design process, while designers must model not 
only the artifact being designed, but also a concep-
tual structure that guides variation. Integration of 
these methods in architectural education requires 
a new set of skills and design domains different 
from that required in non-parametric methods. This 
requirement is valid for both students and studio 
instructors.

Parametric representation of a design artifact re-
quires explicit definition of the problem, (goals and 
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the logic of computer programming, parametric 
diagrams of a generative process, and a set of math-
ematical tools such as descriptive geometry and lin-
ear algebra. He / she must explicitly develop relation-
ships between design components and code them 
into the abstract diagram. Any parametric modeling 
process requires a great deal of explicit knowledge 
and effort upfront to create a parametric diagram 
which defines relational structure of the design com-
ponents. This approach educates the student to be 
an active rather then passive learner by providing a 
mechanism to structure his / her thoughts. 

Case studies
This paper introduces an experimental design stu-
dio titled “Designing the Design”. It aims to teach 
the complex skills and knowledge required in a 
parametric modeling process. The main task of the 
studio is to achieve explicit design variations along 
with a generative structure. During the early phases 
of the studio, the students are introduced with com-
putational design thinking and programming logic 
through seminars hold by invited experts. How-
ever, most instructional effort is given to one-to-
one sessions with students on their specific design 
problems. These sessions are based on an analytical 
explorations of design steps rather than a subjective 
perspective of design critics.

The studio plan includes two modules. The first 
module introduces the students with basics of al-
gorithm design and associative thinking. Here, as 
design exercises the students developed 2-dimen-
sional parametric star patterns utilizing a scripting 
language, generated variations of it and adjusted 
the scripts to meet the requirements of a direct file-
to-factory fabrication. In this introductory module, 
the students developed basic skills required for a 
more complex parametric modeling of an architec-
tural design problem.

The second module is a real design problem (a 
metro entrance cover) located in a specific context 
(with  qualities of a historic place and limitations of a 
specific building plot).

The design phase of the second module is structured 
in seven steps;
1. Early design decisions and definition of funda-

mental parameters,
2. Geometric modeling of the early design decision 

using primitive components,
3. Parametric modeling of these components in a 

relational construct, utilizing scripting, (Possible 
returns to steps 1 or 2).

4. Exploring variations within this relational con-
struct, (Possible returns to steps 1, 2 or 3).

5. Deciding a final design choice, (including the 
type of structure and materials) (Possible returns 
to steps 2, 3 or 4).

6. Modifications for production. Revisions on the 
relational construct (script) to fulfill the produc-
tion issues, (Possible returns to steps 3, 4 or 5)

7. Production of a CAM prototype. (Possible returns 
to steps 4, 5 or 6)
In the early stages of design the students ex-

plored basic forms and relations for metro entrance 
and their constructability in conventional studio set 
up drawing sketches and building physical models. 
This was necessary to precisely state design prob-
lem, (goals and technical systems). The design pro-
cess gradually transitioned from physical modeling 
to computer modeling, and then, computer pro-
gramming during the course of a project. The 3D 
modeling tool (Rhinoceros) is utilized in preliminary 
design stage.  Parametric modeling effort in Rhinoc-
eros began in conjunction with the development of 
the physical model. After the early design decisions, 
Rhino scripting is used to develop generative design  
algorithms. Here design ideas began to appear as 
codes on the scripts. Scripting functions slowly en-
ter to design conversations at the studio. This trans-
formation showed that, studio instructors are chal-
lenged to manage such conversations in such a way 
that, the students wouldn’t be affected much by the 
available functions that the scripting platform pres-
ents, forcing “the tool” to be dominant factor in the 
process. Instead, the students should be encouraged 
to explore this “new design language” and possibly 
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Here the students experimented a parametric 
design for the first time. In the processes, it’s ob-
served that parametric design learning requires in-
cremental knowledge acquisition, through which 
the students are introduced to new design methods 
starting with basics regarding to geometry, associa-
tive thinking, algorithmic complexity and formal ap-
proach. These introductory basics make them aware 
of what they are doing, and allowing them to follow 
up their own thought process.

Case 2
The work in the second example was conducted by 
a student who did not have any programming back-
ground. Therefore, coding experience was the domi-
nant factor for the student. She focused on this issue 
and aimed to develop a “complete design tool” for 
her specific design solution.

After design explorations developed in the early 
stage of the design using conventional methods 
such as sketching and drawing, the student focused 
on converting her design sketches into a generative 
design algorithm using a scripting platform (Figure 
2). Then, she made modifications on the design al-
gorithm in order to implement structural and ma-
terial choices and created a solution that generates 
file-to-factory outputs. This process continued until 

develop their own custom design tools. At this stage, 
the design solutions became generative constructs 
with potentials of transforming into a series of alter-
natives under different parameters.

The final stage of this process is the fabrication 
of a scale model. The students modified the genera-
tive design algorithms (scripts) they developed to 
create a physical output. At this stage, design solu-
tions are affected both by the available fabrication 
methods and the structural decisions.

In the second module of the studio three differ-
ent examples of students work that incorporated dif-
ferent approaches are discussed below;

Case 1
The work in the first example is focused on an effec-
tive kinetic model based on a generative algorithm.

This work is based on the assumption that in a 
parametric model, exploration potentials should be 
achieved with less parameter. As an early design de-
cision, a kinetic shell structure is developed. The gen-
erative algorithm of a shell structure is developed us-
ing a scripting language to explore variations of the 
shape and size of the shell. The algorithm calculated 
dimensions of shell components and automatically 
created necessary outputs for digital fabrication (Fig-
ure 1).

Figure 1 
Student work; a parametric 
shell structure
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coding should be encouraged to experiment such 
complex approaches.

Regarding the balance of time and effort, this ap-
proach seems to be an effective one, as the designer 
can easily create the physical outputs of multiple al-
ternatives, evaluate the design idea using them, and 
return back to the script to manipulate the design if 
necessary.

Case 3
In the work of third example the student chose to 
use a hybrid process, including both the traditional 
design and computational methods. He developed 

she was convinced with the generated outputs of 
the algorithm. 

The advantage of developing “a custom design 
tool” is that, the representation and fabrication is-
sues are all solved within one process and do not 
need extra effort. Once the solution is accepted, the 
fabrication of a physical model can be realized with-
out any loss of geometric qualities. The disadvan-
tage of such a process for a designer is an extensive 
use of the tool, in which he/she can easily lose con-
trol of the design process to the available procedures 
of a scripting platform. Therefore, in an educational 
studio, only the students who have experience in 

Figure 2 
Student work; Parametric 
definition at the early stage 
of design, exploring the 
variations, and final CNC 
cut model
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designer into a casual coder. However, intuition that 
drives creative design process does not disappear 
rather it transforms from unknown to known. These 
issues and the outcomes of experimental design stu-
dios will be elaborated in forthcoming publication. 
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