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Abstract. This paper discusses parametric design systems integration 
in the design studio as a mechanism for improving parametric design 
thinking among architectural design students at a second year under-
graduate level.  The merits of parametric design processes within ar-
chitectural design practice have been discussed at length and are well 
established.  Their ability to improve productivity, create adaptive de-
sign models and inform complex design systems continue to evolve 
and are useful for the quantification and comparison of variables in 
complex design systems.  However, these processes are nuanced in 
their development, requiring great expertise.  Additionally, a clear un-
derstanding of the variables that effect design is implicitly established.  
This represents a significant problem for the developing design stu-
dent.  Both the technical expertise and time required to generate a 
functioning and informed parametric system makes success near im-
possible.  These issues are compounded as the student’s design think-
ing skillset is still in development.  As a result, students do not absorb 
the value of parametric design thinking, a fundamental design ap-
proach, limiting their understanding of these processes. The following 
is the results of an eight week design studio project aimed at enabling 
technical engagement of instruments involved in parametric design 
and developing an understanding of parametric design processes. 
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1. Introduction  

Parametric design has emerged in the transition from the ‘Age of Infor-

mation’ to the ‘Age of Choice’ (Eames, 2007). Computational tools enable 

understanding of materials and variables in the design process that have nev-

er been engaged at the level they are now.  The dimensions of each design 

variable can be explored, options for their engagement developed, assessed, 

digitally tested, prototyped, physically tested, and rapidly manufactured (Ko-
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larevic, 2005).  Parametric design tools are more typically associated with 

computationally controlled systems that generate design geometry. In per-

formance based design, their adaptability to evolving design criteria has 

clear advantages in establishing relationships between the variables in de-

sign, forcing designers to establish hierarchy in their values and quantifying 

it (Dino, 2012).  The challenge now lies in the cultivation of computation as 

a tool that complements the designer’s capabilities in the conceptualization 

and production of design artifacts (Ahlquist and Menges, 2011). 

This paper discusses parametric design and parametric design thinking as 

a foundational component to the education of new students.  That parametric 

design methods can be engaged as both generative tools, enabling the pro-

duction of thousands of iterations, and as an analytical tool, giving rise to 

methodologies that can assess the merits of thousands of iterations (Dino, 

2012).  The course work developed was framed to give students a clearer 

understanding of what parametric design is, how it works, and to establish its 

value.  It was also meant to dispel the perception that the application of these 

systems is merely an aesthetic that remains uninformed.  To these ends, par-

ametric design education will be discussed from the perspective of student 

learning styles, parametric scripting, conceptual design development, dia-

gramming, and finally making.  

2. Background  

The coursework that preceded this design studio laid the foundations for 

more typical design processes. The first academic year was spent in a com-

mon first year program that focused on the foundations of design within 

three disciplines: Urban Planning, Landscape Architecture, and Architecture.  

These studios were executed entirely by hand.  Concepts for the design work 

were typically given to the students in various forms: folding, bio mimicry, 

or painting abstraction.   At the start of their second year they are introduced 

to Rhino, Grasshopper and 3D Studio Max in a course called Digital Design.  

This course, taught by myself and two other faculty, is designed to develop 

their ability to model and introduces them to parametric design, digital fabri-

cation, and rapid prototyping.  After a semester of this course work, the stu-

dents are familiar with the capacities of the software but do not necessarily 

have a fully developed understanding of what parametric thinking is.   

This background and position in the student’s education finds the stu-

dents well primed to develop their parametric design thinking skills.  Previ-

ous experience with graduate students proved that while the group found the 

materials for parametric thinking valuable, there was difficulty in integrating 

the thinking as they had already concretely developed their design process.  
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Conversely, if the students were instructed in this way at the beginning of 

their education, they would not have the foundational design thinking skills 

to appreciate the value of the parametric design approach.   

3. Student profiles and teaching approach   

These fourteen students are from the Millennial generation as categorized by 

Howe and Strauss.  They exhibited key personality traits that were leveraged 

during the course of the project: special, sheltered, confident, team-oriented, 

achieving, pressured and conventional (Howe and Strauss, 2000).  The 

course work, as it proceeded, engaged these traits to generate a more com-

prehensive understanding of the subject matter.  Kolb’s Learning Styles 

Theory was also engaged (Diverging, Assimilating, Converging, Accommo-

dating) and materials were delivered in a variety of methodologies to max-

imize retention and engagement (Kolb, 2001).   

4. Project structure  

This design studio is at a second year, second semester level and met every 

Monday, Wednesday and Friday for four hours each day.  While the students 

initially understood that they would be building their final design, several 

sequential tasks were developed over the eight week term of the project to 

develop and engage their parametric thinking skills: 

 Macro writing (develop a method of developing geometry and propagating 

it based on simple rules) and CNC drawing (building necessary skills set for 

future making) 

 Select design scale and begin to articulate variables (used to generate crea-

tive investment) 

 Create a recipe (Design an initial set of variables for testing and develop-

ment) 

 Have others test your recipe (Develop an understanding of the difference 

between how a computer works and how a person thinks) 

 Convert system to a Wall (Returns all projects to one similar scale for com-

parison and reflection) 

 Develop scripts (Finalize variables and how they are acted on) 

 Build it. 

These tasks were engaged, in order, while they were receiving daily desk 

critiques contingent on their production of new work.  Each student did not 

always have more work ready for feedback, but it was made clear to the stu-

dents that the professor’s time was precious and that they would have to be 

proactive with how they used studio time.  This, along with each student de-
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fining the scale and variables, were key elements to the success of the pro-

ject due to the development of creative investment in the students work.   

5. Methodology  

The initial exercise to begin this design project was macro writing.  Students 

engaged Rhinoceros 3D Modeling tools and developed a simple subroutine 

(three to four commands at most) that would be repeated.  This introduction 

served several purposes: 

 First, it identified what the computer is good at – calculated moves that it fol-

lows obediently and without cognition. (Reas et al, 2010) 

 Second, it identified what the designer is good at – providing input, values 

(both quantitative and qualitative) and cognitive evaluation. 

 Third, simple rules can breed incredible complexity very quickly.  (Maeda, 

2006) 

 Fourth, engaged the millennial traits of special, sheltered, confident, achiev-

ing, pressured and conventional to increase interrogation of processes (Howe 

and Strauss, 2000) 

 And lastly, that if you do not understand the operations and inputs completely 

then you have no control over the resulting form.  That the tool is in control, 

not the designer (Figure 1). 

 

Figure 1. Matrix of version generated from one student's macro.   

The final bullet being the most important as it opened up discussion with 

the students about understanding the concept or ‘Random’.  Random doesn’t 

exist.  Even random number generators work on algorithms that are deriva-

tive of time and therefore if you were to run the same subroutine at exactly 
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the same time you would generate exactly the same result (Terzidis, 2006).  

The students were then asked to reflect on seemingly random patterns that 

appear on a variety of buildings and objects.  This is at the very core of par-

ametric thinking and was consistently revisited during the project – that 

(parametric) design seeks to be informed and that the tools can only make 

clear what is already clear to the designer.   

Once the macros were written and the geometries developed, the students 

then took the developed patterns to the CNC mill.  This related back to their 

exercise as they could see that the machine could draw far more precisely 

than they would have otherwise been able to accomplish and by forming a 

relationship between the digital and fabrication tools their own design work 

could be enhanced.  They still ‘drew’ the images but instead of a pencil or 

pen they used a 3-axis router.  They were in control of the tools and it pro-

duced work at their will (Figure 2). 

 

Figure 2. CNC drawing from macro exercise.  The macro written explored copy-rotate-twist. 
While developing beautiful results, the student struggled to control the system consistently.  

This demonstrated the need, from a designer’s perspective, to understand the both inputs and 
the processes that generate the geometry. 

Following some discussion and reflection the students were given a brief 

introduction into scripting in visual basic, not to develop their abilities so 

much as to give them a framework on how the computer understands infor-

mation it is being given and how it processes that information.  From there, 

the second task the students were asked to develop was a ‘recipe’.  This was 

described to them as identical to baking (as distinct from just cooking).   

Baking is a more effective metaphor for parametric design than just plain 

cooking. Baking, like cooking, involves a series of ingredients that are trans-
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formed once they are processed by the cook. However, there are clear ‘core’ 

ingredients that must be balanced and understood to succeed at baking – 

Baking soda or powder for example will cause incredible heartache for the 

pâtissier who doesn’t carefully measure and proportion.  Further, there are 

then some more flexible ingredients that can be added once the core ingredi-

ents have been balanced – I prefer my gingersnap cookies to have more of a 

cloves flavor and I can double or triple that particular ingredient without de-

stroying the batch.  The designer must first identify the ingredients, and un-

derstand their impact on the process and structure of the design, regardless of 

‘what’ is being designed.  This example connects back to their ‘Millennial’ 

background and provides a clearer framework for the students to engage the 

material.   

At this point in the design project the students had selected a scale and 

hypothesized about the variables (this was done to develop creative invest-

ment, the students were asked to design their program around something 

they had always wanted to make).  They had constructed an initial recipe for 

generating the design and produced several versions based on their process.  

This led into the next task: having others test their recipe.  The students were 

tasked with writing a subroutine for their fellow class mates and during one 

studio session each student tested every other student’s recipe.   

While this might seem a bit chaotic in its application, this was very effec-

tive as a mechanism to further generate creative investment.  The students 

engaged in friendly competition to develop the ‘best’ design process.  It was 

engaged as a ‘game’ in which one of two results occurred: 1) the recipe 

didn’t ‘work’ or generated geometry that was not anticipated by the design-

er, illuminating an under constrained model, or (2) the recipe did ‘work’ but 

the results were very consistent and illuminated an overly constrained model.  

By design the students all experienced success and failure together. This 

opened up dialogue for the importance of experimentation, prototyping and 

failing.   

The students then moved into refinement and design development with 

their new knowledge given to them from their classmates testing.  Because 

of the variety of scales, the studio saw a variety of material experimentation 

as well as digital experimentation.  Diagramming was a daily requirement 

and the students continued to develop the diagrams for their design process 

as the process unfolded, forcing reflection on their activities.  Henry Cheung 

of IDEO (2011), who had given a lecture the previous year was discussed 

and the IDEO model of CREATE OPTIONS <> MAKE DECISIONS was 

engaged in the design process.   

Once the students had a better handle on their design process, they were 

asked to take a break from the design project and redefine their parameters at 
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the scale of a wall for a pre-final review.  This pulled all the project scales 

back and enabled the students to present what they were working on to their 

classmates and outside critics in a way that enabled each to be compared and 

contrasted against the group or an individual.  They were also asked to rede-

fine the parameters that they were developing around visual transparency 

and during presentation explained how their system worked at the scale of a 

wall and then how it worked at their individual design scale.  This again en-

abled them to self-assess where they were and how well they understood the 

rules for their system by extending the design rules into a new system.   

The exercise successfully identified where the weaknesses in the rule 

based system were for each student and also illuminated how strengths could 

be developed by seeing how other students grappled with the task to redefin-

ing the issues.  As a requirement, each student had to prototype their wall at 

¼” = 1’ scale and was intended as an exercise in craft in addition to develop-

ing the design.   

Following the critique of the walls, the students reflected on and com-

pleted their definitions for the parametric system.  This led them into the 

process of craftsmanship and making.  Each student had been producing pro-

totypes of their details in the weeks leading up to the final review and for 

their final, each was tasked to build their work.  This was a particularly in-

teresting endeavor for many since most had never had to ‘finish’ a project 

previously.  Understanding the time requirements of drying poly-urethane, 

CNC fabrication, sanding, etc., became paramount (Figure 3).  Again, crea-

tive investment became an important variable in the work as many were 

building furniture or objects for themselves.  

   

Figure 3. Student fabricated table, designed for her and her four roommates.  The form was 
derived from spatial conditions and circulation patterns.   

During their final presentations they were asked to present their process 

diagrams as their final boards along with the completed object.  The empha-

sis being that the finished object was one iteration of a multiplicity of op-

tions that could each be tailored and developed around the system the stu-

dent had devised.   
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6. Conclusions 

This studio project enabled thoughtful discussion on parametric design and 

parametric design thinking with second year undergraduates and helped de-

velop this as a foundational component to their education.  The tools were 

engaged for both their generative and analytical capacities and gave the stu-

dents understanding of what parametric design is, how it works, and to es-

tablish its value as well as giving them a sense of how to inform the forms 

they generate.  The eight weeks of the design project enabled the second 

year undergraduate student group to engage in parametric design processes 

and modeling by experiencing the concrete while also allowing for abstract 

conceptualization as identified by Kolb (2001).  The students consistently 

moved between activities during the course of the project that forced physi-

cal and digital experimentation and were then tasked consistently to reflect 

and conceptualize the results they and their classmates generated (Kolb, 

2001).   Specific personality traits of Millennials were identified and lever-

aged by developing tasks that were both interactive and reflective in group 

and individual settings (Howe and Strauss, 2000).  

Generating creative investment by tasking the students to develop their 

own program was perhaps the greatest ally in the design studio as it enabled 

the professor to assume the proper role as ‘guide’ instead of ‘design dicta-

tor’.  This freedom also empowered the students to explore issues and pre-

sent information to each other, creating an environment where the student 

body acknowledges its own variable expertise and encouraged the students 

to become comfortable engaging each other.  After the first few weeks cer-

tain ‘digital’ experts emerged alongside a group of ‘making’ experts.  As the 

projects developed the students could be directed towards each other and 

shown different techniques and share the collective knowledge.   

The diversity of scales along with consistent group discussion in the pro-

ject also helped generate a clearer understanding not only of what parametric 

design is but also illuminated some of the universal relationships in the de-

sign process.  While this might seem a bit overwhelming to the instructor in-

terested in taking this on, the process also enabled the student group to have 

a clearer understanding that education is not about knowing all the answers 

at the end of the day but instead about knowing how and where to find the 

answers.  A professor is an expert in exploration not in memorization.   

The value of prototyping was also made clear in the course of the project.  

This was best punctuated by one of the students who designed a table.  She 

very confidently felt that there was no need to test the table she had de-

signed.  Upon building her work at full scale she realized that it would not fit 
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through a standard doorway and therefore had no way of getting it into the 

spaces she had designed it for.   

Finally, the design thinking also improved for students as they began to 

engage in other design work in the following projects.  The student who de-

veloped a garment that tessellated based on the curvature of her body went 

on to develop a mixed use building design that tessellated based on program 

and site conditions (Figure 4).  

 

Figure 4. The student used the same parametric system she developed but applying different 
variables and scales.   

This was done using the same parametric system but rethinking the scale 

and materials.   While another student who designed a tower reformed his 

spatial understanding of ‘family’ from the ‘room for every person’ into ‘spa-

tially variable based on economic position and cultural values’.  The work 

began to be informed by the variables in play and by the values the students 

identified.   
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