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As a new century began, a set of digital tools emerged that have the potential to create a new 
kind of relationship between design and manufacture. With exotic nomenclatures like 
“stereo lithography,” “rapid prototyping,” and “virtual modeling” these technologies stand 
poised to create a “next generation” of products. Used in concert, these digital tools have the 
capability to make the design process more efficient and to allow for increased input from 
both the users and manufacturers of products. Following the precedents of technological 
history these new tools will sponsor changes in design, production, marketing, management, 
and patterns of trade that should be anticipated and directed by the design community, and 
while these new tools offer obvious advantages to design professionals, they have ability to 
virtually revolutionize several facets of design education.  
 
The most significant educational opportunity offered by these new, integrated digital tools is 
to provide a window into a much broader spectrum of the product-development process. 
The ability to visualize and assess the impact of design decisions on physical form, material 
strengths, and modes of production are invaluable resources to a student’s methodology. 
This is particularly significant for the initiation and completion phases of design 
development where students have typically speculated rather than participated in the process. 
In the initial phases of a project, digital imaging tools can be used to better understand user 
needs and to efficiently produce rapid prototypes for actual user testing. Increased 
participation in the endgame of project development is possible through the ability of digital 
tools to reveal potential problems looming in manufacture. In this way, these digital imaging 
tools can help span a gulf of understanding and communication that sometimes exists 
between designers, engineers and manufacturers.  
 
In the new digital age, these tools of imaging and manufacture also have the potential to defy 
what we have come to understand as the natural characteristics of mass production. For 
example, the Dutch designer Hella Jongeruis created a range of ceramic tableware in which 
“irregularities” introduced into the clay produced variations in the form of each plate. A 
number of her recent design experiments have recognized the potential of new 
manufacturing technologies to “mass produce” individually “unique” products. While these 
variations are produced “randomly” it is becoming increasingly possible to use digital tools 
to create similar variations to suit a particular manufacturing need. These needs might range 
from the desire to make purposeful size variations or to create individualized pieces as a 
means of marketing.  
 
Interactive design is a qualifier to individualized mass production that more actively 
“structures” the output of the process. To understand the concept, imagine sets of flatware 



to accompany the plates where each implement is individually tailored to fit the users hand. 
With digital technologies the “thinking” that specially measures each fork for the hand is 
very cheap and it may be possible to produce the individualized utensil for the same cost as 
the mass-produced item. In their invaluable studio reference Humanscale, Henry Dreyfuss 
and Niels Diffrient created a series of plastic “calculators” to express the interactive nature 
of human ergonomics. While the “extremes” of each ergonomic range were often 
considered, products were typically designed for the “51 percentile woman” as an expression 
of a median or universal case. With “interactive design” any combination of a wide range of 
individual components could be individually produced to “fit” the user.  
 
The opportunities presented by digital tools do not exist in a social, political or cultural 
vacuum. Simultaneously confronting both “globalization” and the “digital divide” that 
empowers those working with digital technologies over those without access to these new 
tools could provide either a “remedy” or “extension” to existing paradigms of economic 
power. On the face of it, tools suggesting a diversity of interpretation along with economies 
of scale would logically seem to be in the public interest. But recent, and even ancient, 
history can suggest otherwise. While issues of “control” are debatable, that these 
technologies will have an impact on world economies is undeniable. Necessarily, it is 
important for students to understand the impact of these new technologies not only on their 
design methodology, but also upon an increasingly global society.  
 
In the Product Design and Innovation program at Rensselaer Polytechnic Institute, we have 
created a course: Design, Culture, and Society that looks not only at the effects of new 
technologies on the design process but also at the impacts these technologies have on 
culture and society. The course draws distinctions between invention, innovation, and design 
and cites specific examples to see the relationship between technology and culture. Seeking a 
diverse understanding of the creative process the course views history through a 
“chronology of ideology.”  
 
View at: http://www.rpi/edu/dept/sts/pdi/introsts/  
 
A primary chronology identifies a predominant cultural ideology for fourteen eras beginning 
with prehistory and extending to a view of the future. Four interrelated timelines show how 
the ideology of the era is represented in environments, domestic realm (the home), objects, 
and media. The timelines are intended to show constancy in creativity across cultures seen 
against evolving technologies and social concerns. These chronologies may be read 
horizontally to see evolution within a particular category or vertically to see how individual 
categories relate to the defining ideology of the era. The idea of the chronology is to enable 
students to anticipate and visualize the societal impacts of new technologies through an 
examination of history. Several historic precedents emerge from these chronologies that are 
informative in framing the history of the implementation of new digital technologies for 
design, modeling and manufacture.  
  
One such precedent, the Crystal Palace at the World Exhibition of 1851 was a revolutionary 
building that signaled the onset of the modern age. After an architectural competition 



produced a design that would be impossible to construct by the fair’s opening, a gardener, 
Joseph Paxton, who had built some large glasshouses, was selected to design and supervise 
the project. That a gardener was chosen to direct such a prominent project is not as 
surprising as it seems today. In Victorian times, the construction and management of 
gardens was an important and comprehensive task. Paxton used his project-management 
skills to imagine, design, plan, fabricate, and assemble a building that had no precedent. 
Constructed primarily with mass-produced iron and glass components, the building 
confronted and solved many problems of fabrication and assembly common to both 
architecture and manufacturing. The process of design and project management used to 
create the Crystal Palace became a template for structures as diverse as the Eiffel Tower and 
the curtain wall skyscrapers of Mies van der Rohe. 
 
 
The new products presented in the interior of the Crystal Palace were the “first fruits” of the 
Industrial Revolution. The furniture and domestic goods objects that were prominent in 
exhibits were produced by a combination of mass production and craft techniques replacing 
an artisanry that had previously been ubiquitous. The idea that a user might “select” rather 
than “commission” a domestic object would quickly sponsor an evolution of culture and 
society. Also among the exhibitors in the Great Hall of the Palace was a small New England 
manufacturer of firearms. Their exhibit featured a table covered with the mass-produced 
component parts of a pistol. Any one of these mass produced components could be 
assembled with any other to produce a working firearm. One of the sensations of the 1851 
exhibition, this concept of a product assembled from interchangeable mass-produced 
components, that replaced the typical process of “fitting” each part with another, became 
known, even in Europe, as the American System.  
 
As America “came of age” during the Industrial Revolution, a unique set of circumstances 
sponsored invention and innovation. Lacking the kind of established infrastructure of 
politics and business that existed in Europe, the logistics of the new nation created a new 
kind of inventor/entrepreneur and a receptive market for both new ideas and products. This 
new species, which first emerged with agricultural implements in the Connecticut River 
Valley, expanded with the rise of waterpower and the mill machinery of Eli Whitney and 
reached its zenith in the careers of Thomas Alva Edison and the Wright brothers. These 
archetype American inventors and innovators seemed equally inspired by the joy of creation 
and the opportunities provided by capital. 
 
Henry Ford is sometimes credited with “inventing” the assembly line, although he 
appropriated the idea from the meat-processing methods of the Chicago slaughterhouses. 
Demonstrating an intuitive understanding of Taylorism, Ford recognized that the tempo of 
the production line provided an inherent visual stimulus for workers labor. Expanding upon 
the ideas of the American System of interchangeable parts that had been exhibited at the 
Crystal Palace, Ford recognized that the line would demand a higher level of precision in 
manufactured components. He anticipated that mass production would decrease the costs of 
production by a third and saw those working on line as potential consumers of the goods 
they produced. By studying the relationship between the performance of the car and the 



operation of the assembly line Ford was able to incorporate improvements to both in 
refining his design for the Model T.  
 
While Ford’s homily that “you can have a model A in any color you like as long as it’s black” 
made him famous and exemplified the early ethic of mass production, it was General 
Motor’s offering of colors and options that fueled their ascendancy in the marketplace. Over 
time, the personalization of a vanilla vehicle, at first through options, and today through a 
branded profile, became a new American System for buying a car. Representing both an 
extension of the American System and the arrival of digital technologies, interactive design 
was born in the dot-com boom of the 1990s. Through iconic devices like the shopping cart 
and checkbox, users were able to use an interface to make interactive choices from a palette 
of colors, sizes, forms, and so forth. Given the entrepreneurial mindset that fueled the era, 
the choices were almost entirely market driven. But the potential of an interface to 
individualize products had been established, and awaited only the technologies of 
individualized production to make interactive design viable. 
 
It was a team of my design students, who had come of age during the dot-com era, that 
provided a case study for a possible confluence between interactive design and the mass- 
produced unique object. A project to create eVelo— a motorbike powered by alternate 
energy sources, spotlighted both the design and educational opportunities offered by this 
symbiosis. Finding that there were significant tradeoffs between form, speed, and recharging 
options, the students wanted to create a morphing eVelo whose design might optimize the 
vehicle for different kinds of users. Instead of the normative model of producing a single 
motorbike that represented a compromise of considerations, the students proposed an 
integrated interactive system for the programming, design, fabrication, assembly, and 
marketing of a range of versions of their product. Users would take a virtual ride— where a 
size-adjustable eVelo would move through a simulated video landscape of town and country. 
Ergonomic considerations and performance preferences would then be transferred into an 
interactive program creating a set of production drawings for the physical form of each bike. 
In assembly, a basic package of frame, motor, and transmission parts would be shipped from 
a central facility to local assembly locations staffed with student and community labor. A 
sheet metal fairing that protects the rider and provides additional strength to the frame 
would be locally formed from a supplied pattern and painted to the users preferences. 
Finding an abandoned department store downtown, the students proposed a renovation that 
would accommodate the preferences simulation, an area to view eVelo assembly, and spaces 
for socialization (a coffee bar and bus stop) parking, storage and recharging. That the 
building’s elevator was inoperative was provocative of creating a ramp that would allow 
these quiet, zero emission vehicles to easily move between floors. The stores location, 
downtown yet only a few blocks from campus, could sponsor improved economic and social 
relationships between town and gown.  
 
The outcome of the eVelo project was that students, on their own initiative, created a project 
that required them to examine and integrate each increment of the product development 
process. While in the past I had structured projects to involve students in various stages of 
product development— this typically meant an analysis of what was required to produce the 



form after it was generated. In this case, students saw direct relationships between measuring 
and compromising user needs with the form and structure of the motorbike. They found 
ways of inputting data that would be educational and fun for potential users. Manufacturing 
was divided into components to be mass produced and those to interactively fabricated 
using digital technologies. The creation of a center for e/vehicles in the abandoned 
department store is an example of how these new digital tools can have significant social, 
urban and environmental impacts.  
 
Since eVelo the students who developed this integrated system for design and manufacture 
have gone on to generate ideas for other kinds of individualized products. A women’s soccer 
shoe is sized, structured and adjusted for the users body by wearing a sensing shoe in 
practices and sending the recorded data to the manufacturer for fabrication. A Web site 
provides a kind of futures market for recyclable materials— evaluating the embodied energy 
of various alternatives and reconciling regional deficiencies and surpluses. A Web site that 
sizes a chair to fit a user’s body and then outputs data to a flat bed laser cutter that 
automatically creates parts. Recognizing that the large number of parts for the chair would 
typically make it impossible to assemble it in a first world country, the components of the 
chair would be assembled by challenged adults who often find achievement in that kind of 
work.  
 
Using new digital technologies in these projects has enabled students to increase their 
understanding of the product development process and expanded the range considerations 
in their personal design methodology. Becoming more knowledgeable and involved in how 
their projects might be manufactured has encouraged students to see these choices as paths 
to innovation. The next generation of digital tools for design, modeling, and manufacture 
will offer the possibility of individualized products using the techniques of mass production. 
Recognizing the potential societal and cultural implications of these increasingly interactive 
technologies, today’s design students have the potential to display “technological 
citizenship” in creating a next generation of enlightened products.  


