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PREMISE
This full-semester, 4 credit design workshop will investigate the impact of  digital technologies on material practices of  
molding, casting, and tiling. The focus will be on the tension between standardization and variation that architects must 
frequently address in translating design intent to construction. We will foreground this dialog and, using parametric design 
and digital fabrication tools, seek opportunities to introduce variation within processes of  forming and casting  —systems that 
typically rely upon standardized repetition. 

COURSE STRUCTURE / MODES OF INQUIRY
The course is a design- and fabrication-driven studio, intended for students committed to making as a primary means of  
learning, experimentation, and exploration of  architectural ideas. Exercises will emphasize several aspects of  the molding and 
casting process: opportunities for ornamental and decorative innovation, structural performance, material efficiencies, and 
driving variation with functional or performance-based criteria, such as light transmission or view angles. Particular emphasis 
will be placed on developing workflows that balance both analog and digital modes of  designing, as well as seamless transitions 
between 2D and 3D. We will utilize the Rhino 3D software package and its Grasshopper plug-in, which provides an intuitive, 
graphic interface for creating dynamic, parametric models from simple relationships between objects within the three-
dimensional Rhino environment. Students should expect frequent and intensive use of  the workshop and Digifablab; the laser 
cutter will be our primary tool, but students may also utilize the CNC router, vacuum former, and 3D printer, as well as the 
full array of  conventional tools available in the shop. Material possibilities include plaster, concrete, and plastic resins, as well as 
formed plastic sheet stock. 

As a complement to the primary design component, the course will also seek to foster a broad, critical understanding of  
contemporary approaches to computation in architecture. There will be periodic assigned readings and discussion sessions. 
Each student will be responsible for presenting one assigned reading throughout the semester, as well as researching and 
presenting one case study of  a relevant contemporary project. Students will also be expected to contribute regularly to the 
collective class blog.

Design exercises will be conducted both individually and in teams. The final project will be a collective effort that will 
synthesize techniques and potentials from earlier exercises in the design and fabrication of  a full-scale wall prototype to be 
displayed in the School of  Architecture.
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PREREQUISITIES
No previous knowledge of  Grasshopper or experience with CNC equipment is required, but familiarity with Rhino and 
AutoCAD is encouraged. Knowledge of  Adobe Photoshop, Adobe Illustrator, and Powerpoint is expected. 

LEARNING OBJECTIVES
At the end of  this course, students should be able to:
1. Understand the contemporary debates surrounding the use of  computation and variation in architectural design and 

fabrication processes.
2. Use the Rhino and Grasshopper software packages to generate rich, fully parametric models.
3. Work seamlessly between 3D and 2D within a software environment to produce output for CNC machinery, including the 

laser cutter and the CNC router. 
4. Develop productive and intensive methods of  iterative design through hybrid digital/physical techniques of  making.
5. Communicate design intent verbally and visually, using drawings, diagrams, and models that clearly articulate goals and 

process.
6. Collaborate in teams to design and fabricate full-scale prototypes.
7. Formulate clear positions with regard to the role digital technologies can and should play within architectural design, and 

how (or if) computation can enable designers to instrumentalize variation in new ways.

COURSE REQUIREMENTS
1. Case Study presentation: Presentation (with a partner) of  a contemporary architectural project that incorporates digital 

processes in its design process. Students will select from a given list of  projects and will give a 10-15 minute PowerPoint 
presentation showing a full understanding of  the design process, fabrication process, and how the project tackles issues 
of  standardization and variation. Presentations should be not just descriptive, but also critical, with the goal of  stimulating 
seminar discussion and debate.

2. Readings: Students are expected to complete readings assigned periodically throughout the semester. Each student will be 
responsible for preparing questions for a discussion session. Reading questions / discussion points are to be posted on the 
class blog.

3. Project 1: Controlled Variation. Through a highly iterative process, students will develop a system of  operations (cutting, 
perforating, scoring, etc.) to be applied to a generic 2D material using the laser cutter. The goal will be to develop modular 
systems that demonstrate behaviors of  both standardized repetition and customized variation.

4. Project 2: Differential Tiling. In teams, students will develop dynamic or reconfigurable molds that produce cast modules 
that vary yet are capable of  tiling seamlessly. Particular emphasis will be upon developing techniques of  controlled 
unpredictability, in which the material performance Molding/casting techniques may include CNC routing, vacuum 
forming, and fabric forms.

5. Project 3: Modular Variations. In teams, students will build upon the ideas from the second project and develop a self-
supporting wall system composed of  variable, modular masonry units. The final product will be a 1:1 prototype.

6. Regular postings to the class blog (at least one per week), to include responses to readings, design process images, final 
images of  assigned projects, and miscellaneous musings on precedents and links related to the class.

7. Submission of  documentation of  all coursework in electronic format for archiving (instructor to provide detailed 
requirements at end of  semester). 

EVALUATION
Standard expectations for full attendance and completion of  all assignments apply. Grades will be based upon a combination 
of  the three design projects, participation both in seminars and workshop critiques, and a general commitment to engaging in 
debate and discussion about the subject matter. Grading will be as follows:

10% Case study presentation
10% Reading presentation
15% Project #1
15% Project #2
25% Project #3
25% Class participation, contribution to reading discussions, & blog postings



SCHEDULE (subject to change)

Activity Assignment / Reading

Week 1 Jan 22 Introductions

Jan 24 Intro Rhino/Grasshopper Tutorial 
Assign Case Studies
Introduce Project #1

1. For those unfamiliar with Rhino, complete the “Flashlight” 
and “Rubber Duck” Rhino tutorials (access via Help menu). 
Familiarize yourself  with the Rhino modeling interface. 
Complete “Getting Started” Tutorial on Design ReForm: 
http://designreform.net/2008/06/23/rhino-getting-started/

2. Read Grasshopper Primer pages 1-35 and familiarize yourself  
with the sample files that can be downloaded with the Primer.

Week 2 Jan 29 Reading Discussion
Case study presentation #1
Pinup: Project #1 progress

David Celento, “Innovate or Perish” in Harvard Design Magazine 
(2007)

Jan 31 Laser Cutter Tutorial
Lab Tutorial
Work session / Desk crits

Week 3 Feb 5 Reading Discussion
Case study presentation #2
Work session / Desk crits

Greg Lynn, “Animate Form” in Animate Form (1999)

Feb 7 Lab Tutorial
Work session / Desk crits

Week 4 Feb 12 Reading Discussion
Case study presentation #3
Work session / Desk crits

Mario Carpo, “Tempest in a Teapot” in Log 6 (2005)

Feb 14 Lab Tutorial
Work session / Desk crits

Week 5 Feb 19 Work session / Desk crits

Feb 21 REVIEW: PROJECT #1

Week 6 Feb 26 Reading Discussion
Case study presentation #4
Pinup: Project #2 progress

Iain Maxwell and Dave Pigram, “In the Cause of  Architecture: 
Traversing Design and Making” in Log 25 (2012)

Feb 28 CNC Router Tutorial
Lab Tutorial
Work session / Desk crits

Week 7 Mar 5 Reading Discussion
Case study presentation #5
Work session / Desk crits

Scott Marble, “Imagining Risk” in Building (in) The Future: 
Recasting Labor in Architecture (2010)

Mar 7 Lab Tutorial
Work session / Desk crits

Week 8 Mar 12 Reading Discussion
Case study presentation #6
Pinup: Project #2 progress

Mario Carpo, “Digital Style” in Log 23 (2011)

Mar 14 Work session / Desk crits ** Catalyst Week: Students are required to attend at least 2 lectures **
http://events.umn.edu/025096 for more info

Mar 18-22 Spring Break

Week 9 Mar 26 Work session / Desk crits

Mar 28 REVIEW: PROJECT #2

Week 10 Apr 2 Case study presentation #7
Pinup: Project #3 progress

Apr 4 Lab Tutorial
Work session / Desk crits



Week 11 Apr 9 Case study presentation #8
Work session / Desk crits

Apr 11 Lab Tutorial
Work session / Desk crits

Week 12 Apr 16 Case study presentation #9
Work session / Desk crits

Apr 18 Work session / Desk crits

Week 13 Apr 23 Work session / Desk crits

Apr 25 Pinup: Project #3 progress

Week 14 Apr 30 Work session / Desk crits

May 2 Work session / Desk crits

Week 15 May 7 Work session / Desk crits
May 9 FINAL REVIEW

Week 16 May 14 Submit Archiving material

RESOURCES

UMN Digital Design Research Library: http://z.umn.edu/digitaldesign
UMN BDA Workshop website: https://sites.google.com/a/umn.edu/b-d-a-workshop/
UMN CDes Workshop & Digifablab: http://www.design.umn.edu/current_students/leo/hall/

Rhino: http://www .rhino3d.com
Grasshopper: http://grasshopper3d.com/
Grasshopper Primer and other tutorials: http://www.grasshopper3d.com/page/tutorials-1 
Rhino/GH Plugins: http://www.food4rhino.com/

Plaster casting: http://www.plastermaster.com/index.html



COMMON SYLLABUS / BDA WORKSHOPS
[link: https://sites.google.com/a/umn.edu/b-d-a-workshop/about/policies]

Portfolio
Students are expected to submit a summary of  the workshop project in portfolio format produced under the guidance of  the 
instructor.

Homework
No late work will be accepted, except in the case of  bona fide emergencies. Giving some students extension is unfair to them 
and to others.

Attendance
There is a zero tolerance for unexcused absence in studios and workshops. The final course grade will be lowered for even 
one unexcused absence, or for repeated late arrivals/early departures. Absence from any scheduled review is very serious 
and should be avoided. Any students with three or more excused absences may be asked to withdraw from the course if  the 
instructor feels they are falling too far behind. This decision will be left to the discretion of  the faculty and the studio coordi-
nator.
*In case of  an emergency, contact your instructor immediately (ideally before the class period missed).

Grading
The nature of  design work is highly dependent on evaluations that can only be done when the work is complete. While every 
attempt will be made to identify and warn students who are working at a level below that required for a passing grade, a pass-
ing midterm grade implies only the expectation of  a passing final grade, not a guarantee.

A:  Excellent work not only fulfills the stated objectives of  the studio syllabus and project statements, but extends them 
through new discoveries, insights and proposing issues beyond their stated scope. Students who earn this grade demonstrate 
through their work a high degree of  professional dedication, rigor, a love of  exploration, open-mindedness and resourceful-
ness. They also demonstrate that they have developed the ability to build upon a variety of  feedback and excel independently. 
Their resultant work is rigorously thought through, well-crafted and clearly communicates the breath and depth of  their daily 
investigations.

B:  Very good work not only fulfills the stated objectives of  the studio syllabus and project statements, but also further ex-
pands the stated issues by allowing those issues to direct their investigations and developments in their work. Students who 
earn this grade demonstrate a medium degree of  professional dedication, inquisitiveness, systematic rigor and limited resource-
fulness. They show that they are developing the ability to build upon a variety of  feedback and their emerging independent 
voice. Their resultant work is competently thought through, well-crafted and clearly communicates the breath and depth of  
their daily investigations of  the issues presented in the projects.

C:  Adequate work fulfills and clearly demonstrates the stated objectives of  the workshop syllabus and projects statements. 
The department expects that everyone entering a given workshop is capable of  this level of  performance. Students who earn 
this grade demonstrate a lower degree of  professional dedication that those earning A or B grades. Their work indicates less 
self-confidence and its development requires constant guidance on what to do next. C work lacks personal authorship man-
ifested through additional and related contributions to the investigations of  a project. The adequate student’s work demon-
strates an understanding of  the problem but show deficiencies in basic design or communication skills, time management, or 
the lack of  breath and depth of  daily investigations.

D:  Deficient work does not demonstrate how the stated objectives of  the studio syllabus and project statements have been 
fulfilled. The work is fragmentary, not synthesized, incomplete, and presented only as an assigned “project” due on a particular 
day. As is any professional office, deficient work is not acceptable. D work may be the result of  a lack of  self-confidence, a 
closed-minded attitude, a lack of  time management skills, lack of  basic professional dedication, or outside personal problems.


