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We blend network and organizational memory perspec-
tives in a model of technology brokering that explains
how an organization develops innovative products. The
model is grounded in observations, interviews, informal
conversations, and archived data gathered during an eth-
nography of IDEQ, a product design firm. This firm ex-
ploits its network position, working for clients in at least
40 industries, to gain knowledge of existing technological
solutions in various industries. it acts as a technology
broker by introducing these solutions where they are not
known and, in the process, creates new products that are
original combinations of existing knowtedge from dispa-
rate industries. Designers exploit their access to a broad
range of technological solutions with organizational rou-
tines for acquiring and storing this knowledge in the or-
ganization’s memory and, by making analogies between
current design problems and the past solutions they
have seen, retrieving that knowledge to generate new
solutions to design problems in other industries. We dis-
cuss the implications of this research for understanding
the individual and organizational processes and norms
underlying technology and knowledge transfer more
generally.®

Knowledge is imperfectly shared over time and across
people, organizations, and industries. Ideas from one group
might solve the problems of another, but only if connections
between existing solutions and problems can be made
across the boundaries between them. When such connec-
tions are made, existing ideas often appear new and creative
as they change form, combining with other ideas to meet
the needs of different users. These new combinations are
objectively new concepts or objects because they are built
from existing but previously unconnected ideas. This paper
presents an ethnographic study of a product design firm that
routinely creates new products by making such connections.

The role these connections can play in the innovation pro-
cess is evident in inventions by Thomas Edison’s laboratory.
Edison and his colleagues used their knowledge of electro-
magnetic power from the telegraph industry, where they
first worked, to transfer old ideas that were new to the light-
ing, telephone, phonograph, railway, and mining industries
{Hughes, 1989; Millard, 1990). Edison’s products often re-
flected blends of existing but previcusly unconnected ideas
that his engineers picked up as they worked in these dispa-
rate industries. The phonograph blended old ideas from prod-
ucts that these engineers had developed for the telegraph,
telephone, and electric motor industries, as well as ideas
developed by others that they had learned about while work-
ing in those industries. Edison’s inventions were not wholly
original. Like most creative acts and products, they were ex-
tensions and blends of existing knowledge (Merton, 1973).
As Usher (1929; quoted in Petrovski, 1992: 44) argued, “"in-
vention finds its distinctive feature in the constructive as-
similation of pre-existing elements Into new syntheses, new
patterns, or new configurations of behavior.”

Social network theory suggests that Edison’s laboratory
could innovate routinely because it occupied a “‘structural
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Technology Brokering

hole” (Burt, 1992a, 1992b), a gap in the flow of information
between subgroups in a larger network. For Edison, these
gaps existed between industries where there was and was
not knowledge about the newly emerging electromagnetic
technologies. Actors filling these gaps are brokers who ben-
efit by transferring resources from groups where they are
plentiful to groups where they are dear (Marsden, 1982;
Gould and Fernandez, 1989; Burt, 1992a; DiMaggio, 1992).
Brokers have an advantage over competitors because ‘'non-
redundant contacts are linked only through the central
player, [so brokers] are assured of being the first to see new
opportunities created by the needs in one group that could
be served by skills in another group’ (Burt, 1992a: 70). Edi-
son’s laboratory acted as a broker of technological ideas be-
cause it had connections to many industries, rather than be-
ing central in one, and it linked industries that had few other
ties (DiMaggio, 1992).

By highlighting the structure of resource flows across group
boundaries, researchers have shown that brokers benefit
from disparities in the level and value of particular knowl-
edge held by different groups, but they have not explicated
the process by which information is transformed or com-
bined within these flows. Valuable solutions seldom arrive at
the same time as the problems they solve, they seldom ar-
rive to the people working on those problems, and they sel-
dom arrive in forms that are readily recognizable or easily
adaptable. Edison’s laboratory did more than just transfer
knowledge from groups where it was plentiful to groups
where it was dear; this organization acquired such informa-
tion, stored it, and retrieved it to create new combinations of
old ideas. Walsh and Ungson (1991: €1) described these pro-
cesses {i.e., acquisition, retention, and retrieval) as routines
supporting an organization’s memory, which they defined as
“stored information from an organization's history that can
be brought to bear on present decisions.”” This perspective
suggests that a technology broker depends on both its net-
work position as a broker and on an organizaticnal memory
that allows it to acqguire, retain, and retrieve new combina-
tions of information obtained through such a position.

The notion that brokers transform and blend information is
implicit in DiMaggio’s (1992) description of how Professor
Paul Sachs used his strong connections to the previously
weakly connected worlds of museums, universities, and fi-
nance to help create New York’s Museum of Modern Art.
This nction is also implicit in writings on technology transfer
(Rosenberg, 1982, 1994; Rogers, 1983), which recognize
that existing technologies are often adapted and transformed
before they become usable in a new field. But these writ-
ings do not focus on the role that individual actions and orga-
nizational routines play in recognizing, storing, blending, and
transforming those technologies to make diffusion possible.
Except for Attewell’'s (1992) description of how consultants
facilitated the diffusion of a business computing technology,
we don’'t know of any empirical or conceptual work that
weaves together macro perspectives on external networks
with micro perspectives on internal routines to describe the
role of brokering in innovation.
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This paper develops such an integrated perspective in a pro-
cess theory of how one product design firm acts as a tech-
nology broker. Following Weick's (1992} approach to theory
building, we develop a relatively full explanation of brokering
in a small region, which is then used to guide general dis-
cussion about brokering in other settings. We use an eth-
nography of a product design consulting firm to develop a
local theory of how this organization acts as a technology
broker. This firm has designed products for several hundred
different firms in over 40 industries, ranging from pagers to
closet-size medical analysis products. The quantity of new
product designs {the firm works on between 60 and 80 prod-
ucts at a time), together with the tangible nature of the me-
chanical soluticns that usually make up those designs, al-
lowed us to observe how this firm recognizes, blends, and
transforms existing ideas into new and innovative combina-
tions. By having strong connections to many industries but
not being central in any one, the engineers in this firm have
constant opportunities to learn about technologies from a
broad range of industries. The firm exploits its network posi-
tion with internal routines that help its designers create prod-
ucts for current clients that are new combinations of existing
individual technologies that these designers have seen be-
fore. Many of these products reflect the transfer of ideas to
industries where they have not been used before and the
creation of combinations of ideas that no one in any industry
has seen before.

METHODS
Research Setting

This ethnography was conducted at IDEO, the largest prod-
uct design consulting firm in the United States.? IDEO was
co-founded by the current CEO David Kelley in 1978 It em-
ploys over 125 designers who develop products for other
companies. Headguarters are in Palo Alto, California, with
smaller offices in Boston, Chicago, Grand Rapids, London,
San Francisco, New York, and Tokyo. The bulk of IDEC’s
work is in mechanical engineering and industrial design. Me-
chanical engineers design products for physical performance
and ease of manufacturing; industrial desighers use artistic
skills (with an appreciation of engineering) to design prod-
ucts that are attractive and easy to use. Qur study focused
on the 45 or so engineers in Palo Alto who do mechanical
engineering and (to a lesser extent) electrical, software, and
human factors engineering and on the 35 or so managers
and staff who support their work. We follow our informants’
usage and describe IDEO’s engineers as "'product design-
ers'' or “designers’ most often, but we (and they) some-
times use “‘engineers.” Most designers are 25 to 40 years
old, male (about 80 percent), white (about 80 percent), and
usually have a B.S. or an M.S. in engineering. Managers

; have a similar profile but tend to be clder (35 to b0 years

Sutton and Hargadon (1996) also used old). Support staff also have a profile similar to designers,

this ethnography as the basis for a paper but a higher proportion (approximately 50 percent} are
on the effectiveness of brainstorming women.
sessions. That paper contains additicnal

information about the research setting for  Clients typically hire IDEO to design part or all of a product

this ethnography and the methods used, : B
as well as about IDEO's structure. work that they would like to manufacture and sell but lack the ex

practices, norms, and values. pertise or staff levels to design. Clients range from Fortune
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50 to start-up companies. IDEQO usually charges clients for
the time and materials required to design a product but oc-
casionally works in exchange for a percentage of sales or
profits from the finished product. Design projects last from a
few weeks to three years, with an average of about a year.
Results range from sketches of product concepts to crude
working models, to complete new product designs. IDEO
has contributed to the development of over 3,000 products.
Widely known products include the original Apple computer
mcuse, a Microsoft computer mouse, Smith ski goggles,
AT&T telephones, Oral-B toothbrushes, Crest toothpaste
tubes, Steelcase furniture, Sega game controllers, Hewlett-
Packard printers, rechargers for General Motors’ electric ve-
hicles, laptop computers for such firms as Apple Computers,
Cell, and NEC, the Macintosh DuoDock, Regina vacuum
cleaners, and a life-sized, functioning, mechanical killer whale
used in the film “Free Willy.”" Less widely known preducts
include surgical skin staplers, a combination beach chair and
cooler, a coin sorter, a blood platelet function analyzer, a toy
guitar, and the Enorme telephone. IDEQO is widely praised in
the business press for its innovative designs; for instance,
IDEOC won more Business Week Design Excellence Awards
in 1993, 1994, and 1995, and over the last decade, than any
other product design firm.

Method

Each of the two authors spent six to eight hours per weegk
doing an ethnographic study cof IDEC from March 19384
through May 1995. Fieldwark continued at a less intensive
level through February 1996, with at least cne of us visiting
IDEO each week. We wrote field notes after each visit or
meeting. Each of us also visited IDECQ at least once a month
through December 1996, often to collect more evidence or
to check the accuracy of facts that appear in papers about
IDEO. Any visit to IDEQ entailed unplanned conversations,
because many engineers, support staff, and managers were
curious about our research and because IDEO norms sup-
port friendly talk about the firm and the design process. The
buildings where most design engineers work have a modi-
fied open-office plan, which further encourages informal tatk.
In additicn, most IDEO buildings in Palo Alto (industrial de-
sign, administrative offices, two machine shops, and a joint
venture with a large corperation} are on the same street and
within a few blocks of one another, so many unplanned but
enlightening conversations occurred as we walked between
buildings.

We began this ethnography with a vague research question:
How does IDEQ innovate routinely? Although we often inter-
acted with senior managers during these visits, our data col-
lection focused on watching and talking to product designers
and looking at and gathering the drawings and physical arti-
facts that resulted from their work. We adopted this focus
because our primary aim was to understand how people do
and experience innovative work, not how it is viewed by
management or support staff. Following guidelines for induc-
tive research, we were as descriptive as possible until major
themes emerged from the data (Glaser and Strauss, 1967,
Miles and Huberman, 1994). When a promising theme like
technology brokering emerged, we focused data collection
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Various versions of this paper have been
described to and read by (DEQO designers
and managers since our ethnography
ended in March 1998 This conversation
and reading has {ed some designers to
adopt the term ""technology brokering”
as a synonym for “cross-pollination.”

3

The technological details of the products
and projects we observed at IDEO are
critical to presenting a theory of technol-

ogy brokering. For reasons of client confi-

denuality, however, we have had to dis-
guise approximately 10 percent of these
products . In doing so, we substituted
products of similar technologicat com-
plexity and confirmed these selections
with the designers who were involved in
the original projects

on it, read pertinent literature, and did preliminary analyses
to decide If it was worth pursuing. Our interest in brokering
was sparked in the winter of 1995 when we noticed that
designers offered solutions to new problems by describing
similar solutions they had seen in past proeducts, a process
they called “cross-pollination.”’? The evidence guiding our
descriptions of and inferences about technology brokering at
IDEO is divided into seven general categories:

1. Tracking development projects. Each of the two authors
followed a development team as it designed a product. We
met with team members about once every two weeks, at-
tended design meetings, and were given sketches, reports,
and videotapes. The first author followed a team for four
months until it nearly finished designing a Regina vacuum
cleaner. A new CEO stopped work on this prototype and
other designs being done by and for Regina to reevaluate
the firm’s product strategy. About six months after we
stopped tracking the team, Regina decided that IDEO should
finish the design, and the product was completed, manufac-
tured, and sold. The second author followed a team for six
months while it worked on perscnal appliances. He followed
this team until two prototypes and detailed drawings were
completed. These completed designs were not manufac-
tured and sold because the firm changed strategic direction
after it was acquired by a larger corporation and the CEO
stepped down.?®

2. Semistructured interviews with designers and manag-
ers. We conducted 60 semistructured interviews; 37 were
tape-recorded and transcribed; we took notes during others.
We had multiple interviews with some informants, so ap-
proximately 35 people were interviewed. In initial interviews,
we asked senior managers and designers general questions
about IDEQO’s history, clients, competitors, structure, human
resource practices, and work process. Subsequent inter-
views focused cn themes like technology brokering that we
wanted to learn about in detail.

3. Informal discussions. We had hundreds of informal con-
versations with managers, designers, and support staff,
ranging from brief exchanges to long talks over lunch. We
talked with almost every employee at the Palo Alto head-
quarters and had dozens of conversations with the CEO. We
also had informal conversations with ten IDEO clients about
the company. The content varied widely, with designers of-
ten gossiping about new clients, employees who had been
hired or had left, the virtues or drawbacks of current IDEO
prototypes, ''cool” new technologies that they had seen or
heard about, or why they loved or despised existing prod-
ucts, ranging from toy Slinkies to Harley-Davidson motor-
cycles. In addition, after we began asking questions about
emerging themes, including technology brokering and brain-
storming sessions, designers often approached us with com-
ments, questions, stories, prototypes, and sketches that
they believed would enhance our understanding of these
topics. Conversations with clients were equally diverse, but
at least three of them talked with us about technclogy bro-
kering. For example, one client described how IDEO design-
ers had introduced his organization to promising technical
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solutions that were new to that industry but were used
widely elsewhere.

4. Brainstorming sessions. We cbserved 24 group brain-
storming sessions in which products were designed, six in
person and 18 on videotape. Each meeting was initiated by
members of a design team. They invited IDEQO designers
who were not team members to generate possible design
solutions for the project. IDEQO brainstorms are scheduled
meetings and are held in conference rooms. Five brainstorm-
ing rules are displayed in large letters in several locations in
each room: {1} defer judgment; {2) build on the ideas of oth-
ers; (3} one conversation at a time; (4) stay focused on the
topic, and (5) encourage wild ideas. IDEQ’'s Methodology
Handbook, which outlines IDEC’s technigques for new de-
signers, contains 11 pages of instructions about how to fa-
cilitate and participate in brainstorms. Designers who lead
brainstorms are skilled and experienced facilitators; nearly all
IDEO designers have extensive experience as participants in
brainstorms.

The sessions we observed lasted between 45 minutes and
two hours. The topics ranged widely: three about personal
appliances, three about furniture, three about video cameras,
two about surgical skin staplers, two about medical devices
to aid healing, two about blood analyzers, two about laptop
computers, two about personal communication, one about
remote controls, one about ski goggles, one about vacuum
cleaners, one about faucets, and one about a portable traffic
control system. Typically, project engineers introduced the
project and described a design problem they were facing,
then the other engineers offered possible solutions, often in
the form of solutions they had seen in other settings. Solu-
tions were sometimes found in similar products that were
brought to brainstorms (e.g., a designer suggested adapting
a design solution for a new skin stapler that was already
used in a competitor’'s product} or in products that were
brought in from different industries (e.g., a designer showed
how a gas engine from a model airplane could be used to
power a skin stapler). Designers also described and
sketched solutions on paper or on whiteboards in the room.
The visible and vocal nature of these meetings offered us
the cpportunity to observe how new problems and existing
solutions were shared among the designers.

We wrote field notes about each brainstorm and were given
“brainstorming reports’’ for nine of the 24. These reports are
prepared for the client by the brainstorm organizers; they
summarize the ideas generated and develop promising ideas
in greater depth. We also distributed a short survey about
product design brainstorms at |IDEO to engineers in the Palo
Alto office. We distributed 45 surveys, and 37 were re-
turned; 27 included written comments. This survey con-
tained 40 closed-ended questions, but in this paper we only
use written comments that designers made in response to a
request for "any other comments about brainstorming at
IDEO.”" See Sutton and Hargadon (1996) for a more exten-
sive discussion of brainstorming at IDEO.

5. Other meetings. We attended a session about how to
handle a major client, a session with that client, a meeting
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with IDEO engineers who studied their firm’s design pro-
cess, and about twelve "Monday morning meetings.” Most
Mondays, CEO Kelley meets with the employees in Palo
Alto who do or support “‘engineering design.”” They usually
sit on the floor in a circle. Meetings start with Kelley talking
about pressing, interesting, or funny events and then turn to
new projects and progress on ongoing projects. ‘Show and
tell”" is next, in which designers display and describe new
products, prototypes, materials, and methods. We also at-
tended and participated in three meetings about IDEO's de-
sign process. The first and second of these were brainstorm-
ing sessions on how to describe and transfer IDEQ’s design
process to other organizations. The third meeting focused on
technology brokering; experienced designers talked about
how and when they had combined their diverse technical
knowledge to create new products and things they did to
facilitate this process.

6. Design team interviews. We did retrospective interviews
with four design teams, which were tape-recorded and tran-
scribed. The products were a label-maker, a blood platelet
analyzer, a mechanical killer whale, and a furniture system.
Each was a large-scale project requiring multiple engineering
disciplines. Designers brought prototypes and the final prod-
uct to two of the interviews. We asked the group to de-
scribe how the project unfolded and the role that each mem-
ber played. We asked them to describe the technical details
of the project: the prominent technologies of the final de-
sign, how these were chosen, and how each team gener-
ated and explored alternative solutions throughout the proj-
ect. Finally, we asked them to describe any interpersonal
and political issues that arose during the project.

7. Materials about the organization. We gathered several
dozen stories about IDEO from various sources, including
fortune, Business Week, Wired, 1D, Wall Street Journal, and
popular books. We viewed approximately fifteen television
programs about IDEO first shown on outlets such as ABC,
CNN, BBC, PBS, and the Discovery Channel and explored a
CD-ROM "tour” of IDEOG. We gathered other materials pro-
duced by and about IDEO, including a Methodology Hand-
book for new engineers and sketches of prototypes. We
also reviewed {DEQO’s collection of approximately 1,400 pho-
tographs of product sketches, prototypes, the design pro-
cess (e.g., pictures of brainstorming sessions), and com-
pleted products.

A PROCESS MODEL OF TECHNOLOGY BROKERING

These qualitative data indicate that IDEO learns about poten-
tially useful technologies by working for clients in multiple
industries and finds opportunities to use that knowledge by
incorporating it inte new products for industries where there
is little or no prior knowledge of these technologies. This
design process results in the moverment of technologies be-
tween industries, reflecting the technology transfer and dif-
fusion that is recognized as fundamental to technological
evolution (Rosenberg, 1982; Basalla, 1988; Hughes, 1989).
Existing research has considered the social, economic, and
political effects of this type of innovation, but little is known
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This definition of creativity is not new.
Schumpeter {1934: 65-66} described in-
novation as the ""carrying out of new
combinations’ and Usher {1929: 11) de-
scribed technologica!l innovation as the
“constructive assimilation of pre-existing
elements into new syntheses.” A decade
earlier, Ogburn (1922; quoted in Basalla,
1988: 21) defined invention as "'combin-
ing existing and known elements of cul-
ture in order to form a new element.””
And, even earlier, Ribot (1906; quoted in
Torrance, 1988 45), a psychologist study-
ing creativity, maintained that creative
thinking produced "unforeseen and novel
combinations,” but “in equal measure
absurd combinations and very original
inventions.’’

Technology Brokering

about the nuances of how such processes unfold within or-
ganizations.

Technology brokering at IDEO entails more than just trans-
porting ideas between previously unconnected industries; it
also means transforming, sometimes radically, those ideas
to fit new envircnments and new combinations. An innova-
tive product might contain several components that are new
to the industry, blended with many old components that
continue to fit the industry’s needs. Brokering requires inte-
grating these new and old technologies in ways that allow
each to function well. For example, to develop the Cholestec
Home Cholesteroi Tester, IDEO designers combined a com-
pact disk inject-eject mechanism, a simple software inter-
face, and high-volume production design principles, each of
which were relatively new ideas to the medical products in-
dustry, with sampling and testing components and chemical
treatment technologies already used widely and fairly well
understood in that industry. Designing the product required
modifying both the compact disk inject-eject mechanism to
fit the needs of the existing sampling technologies and
modifying the existing sampling technologies to fit the capa-
bilities of the inject-eject mechanism. Many of IDEO’s prod-
uct designs are, like the home cholesterol tester, new com-
binations of existing components that reflect Weick's
(1979a: 252} definition of creativity as ''putting old things in
new combinations and new things in old combinations.”*
This perspective on technology brokering began to develop
when, early in our study, we noticed that many of IDEQ's
designs contained innovative features that engineers had
seen in previous products. We created a list of IDEO-
designed products that included features designers had
adapted from previous products, prototypes, or other
sources outside of the client’s industry. We met with IDEO
designers individually and in groups to add to and refine this
list, which is shown in table 1. It contains 30 examples of
IDEO-designed products that are new combinations of old
technologies taken from both inside and outside the client’s
industry. One example is a portable computer docking sta-
tion designed for Apple Computer. It consists of traditicnal
computer components that were combined with an insert
and eject design adapted from video-cassette recorders and
powered by an inexpensive motor found in toys.

Our data suggest that IDEQO’s ability to generate innovative
products that are new combinations of existing technologies
can be understood by considering both the organization’s
network position and the behaviors of its designers in ex-
ploiting that position. Figure 1 summarizes the relationship
between network position and internal behaviors in a four-
step model of technology brokering. Access {(step 1) de-
scribes how IDEO fills a gap in the flow of information be-
tween industries and is able to see technological solutions
one area that are potentially valuable in others (Burt, 1992a,
1992b; DiMaggio, 1992). But the way these technologies
become innovative solutions to current problems depends
on how these potential solutions are shared within IDEO
across designers and over time. The remaining three steps
of the model describe the role of IDEG’s organizational
memory in turning technologies seen in past products into

n
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Table 1

IDEO-Designed Products that Incorperated Technological Solutions from Qutside Industries

10.

11.

12.

13.

14.
15.

16.
17.
18.
19.

20.
27.

22.
23.

24.

25.

26.
27.

28.

29.
30.

. Water bottle: Combines existing body with leak-proof nozzle based on previous shampoo bottle design.

Blood analyzer: Combines existing analytic technologies with computer components: printer, keyboard, display,
and circuit board.

Portable computer: Hinge design in portable computer display incorporates a bail mechanism found in
typewriters.,

Whale special effects: Mechanical whale combines hardware and software frcm the computer industry,
hydraulics and robotics from designer's academic packground, and latex skin and other existing special effects
techniques.

Computer PCMCIA card adaptor: Eject mechanism combines nitinol {memory metal) from defense industry
technology and existing circuit board and connector technologies.

Vacuum cleaner: Combines existing components with new complex plastic parts designed utilizing previous
CAD experience.

. Home cholesterol tester: Existing analytic components combined with CD inject/eject mechanism from

consumer products.

Portable computer: Retracting foot design based on foot mechanism on slide projector.

Toy electric guitar: Incorporates toy industry materials and design with microprocessor technologies from
previous computer projects.

Input device for kid's video games: Combines oversized trackball from previous computer input devices and
existing toy industry components.

Cosmetics product: Incorporates flexible tubing from previous surgical product and vacuum technology from 2
previous vacuum cleaner projects.”

Bicycle helmet: Includes sailcloth strengthener from designer's sailing background as well as existing foam and
shell components.™

Label maker: Existing label maker enhanced with interface design from computer projects and display screen,
printer, input devices from computer projects.

Personal computer: New design for cooling computers based on design principles in ceiling fans.

Surgical skin stapler: Existing stapler combined with ideas from model airplane engines, office staplers, and
other medical products.*

Original Apple mouse: Mouse design tracking mechanism adapted from giant trackball in video game machine.
Handheld computer: Hinge mechanism based on principles found in office binder clips.*

Personal computer: New computer door design based on idea from garage door via previous computer
projects.

Tire pressure monitor and valve: Pressure gauge based on bellows mechanism found in stainless-steel fuel line
product.

Desk lamp: Uses articutating ball-and-socket joint design taken from principles in human hip-bone sockets.
Portable computer docking station: Uses an eject mechanism based on ideas from video-cassetle recorders,
docking connectors from a previcus computer docking project, and an inexpensive electric motor from toys.
Medical analysis product: Incorporates a solid-state fluid warmer found in portable coolers for automaobiles.
Computer monitor: Existing monitor incorporates a clutch spring design based on idea of leaf-springs in
automobile shocks.

Office chair spring: Seat spring combines existing seat spring components with design of rubber spring shocks
used in tool and die industry.*

Electric car charger: Powered door opener uses gas piston from rear window of station wagon combined with
electric charging components.™

Portable computer: Display fastened closed using bicycle spokes and existing display housing technologies. ®
Waste paper collector: Take-up reel design based on ideas from continuous towel dispensers and typewriter
printer ribbon cartridges.

Paper handling product: Paper tray mechanism combines parallel ruler designs in drafting boards with existing
paper handling components.

Computer monitor: Concept for new mounting design based on “Monkey-on-a-tree” toy.

Slide printer: Motion control solution based on stainless steel, zero backlash motion control found in early
disk-drive head designs.

* The early pratotypes of these products used off-the-shelf components from these different industries in testing the performance of this
technological solution in its new combination. Later designs became specific to the new product, but in the case of the bicycle spokes,
a local wheel manufacturer actually became a supplier of production parts for a portable computer.

useful information for designing new ones (March and Si-
mon, 1958; Huber, 1991; Walsh and Ungson, 1991). Acquisi-
tion (step 2) describes routines that IDEQO's designers use to
bring technolcgical solutions into the organizational memory,
where they are stored for possible use in future design pro-
jects. Storage (step 3) describes how these solutions remain
in memory until they are considered for use in future de-
signs. Finally, retrieval (step 4) describes how designers re-
trieve some of these old technological solutions from the
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Figure 1. A process model of how innovation occurs through technology brokering.

Industries

Technology Brokering

organizational memory in forms that fit the new combina-
tions they are creating.

This process model presents access, acquisition, storage,
and retrieval as linear and distinct phases. We use this
mode! because it fits our data reasonably well and provides
a simple and analytically useful way of summarizing these
data. Nonetheless, the process was not always as neatly
linear as the model implies and the steps could not always
be cleanly distinguished. As Walsh and Ungson {1991: 82)
recognize, 'Because the acquisition, retention, and retrieval
of memory is an ongoing process, it is difficult to pinpoint

the exact boundaries between these processes.”

We used an iterative process to develop the inferences
about the process of innovation through technology broker-
ing at IDEO that are summarized in figure 1. Following Gla-
ser and Strauss (1967) and Miles and Huberman (1994}, a
set of iterations usually began with a hunch inspired by the
data or literature (e.g., an informant mentioned that the origi-
nal idea for a water bottle valve came from another designer
who had worked on a previous shampoo bottle project,
which suggested that ideas from different industries pro-
vided IDEO with potentially valuable solutions in later pro-
jects). Then, to see if a hunch could be grounded, we com-
piled pertinent evidence from all seven data sources (e.g.,
we locked for evidence that IDEQ’s experience in a range of
industries provided its engineers with useful ideas). These
analyses led us to abandon, modify, or maintain each infer-
ence (e.g., we retained the inference that access tc a range
of industries was an important aspect of IDEQO’s innovation
process). If the inference was retained, we summarized the
grounding for it in a within-site display reflecting how
strongly each inference could be grounded in each data
source. We then wrote up our inferences about each re-
tained consequence, weaving together conceptual argu-
ments, additional evidence, and citations to pertinent litera-
ture. Table 2 presents the evidence that grounds our
process model of technology brokering.

Access: IDEO’S Network Position as Technology Broker

Brokers derive value by enabling the flow of resources be-
tween otherwise unconnected subgroups within a larger net-
work (Marsden, 1982; Gould and Fernandez, 1989; Burt,

-] Step 1: Access

Gaps in the flow of
information
between industries
provide IDEQ's

1 designers with
exposure to
technological
solutions in one area
that are potentially
valuable yet
previously unseen in

11

Ll

others.

Step 2: Acquisition

{DEO's designers
bring these
technological
solutions into the
organizatianal
memory and thus
into potential use
in future design
projects.

Step 3: Storags

These potential
technological
solutions remain in
memaory until
design projects
come up that
might benefit from
them.

Step 4: Retrieval

Designers working
on new products
retrieve
technological
saolutions from the
arganizational
memory in
appropriate forms
to fit the new
combinations they
are creating.

Output

Design sclutions
that are new
combinations of
existing ideas

S |

\__r_._/

IDEO's Network Position

T
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5

Evidence suggested that IDEQ also bro-
kared technological solutions between
groups within client organizations {as one
informant described, “we take your
watch and tell you what time it 18"’} and
organizations within a singie industry
{though IDEO is careful to avoid intellec-

tual property issues) We focused on bro-

kering between industries, however, be-
cause conceptually and empirically it
offers the clearest perspective on the
process of technology brokerning.

1992a; DiMaggio, 1992). Marsden (1982: 202) defined bro-
kers as intermediate actors that “'facilitate transactions be-
tween other actors lacking access to or trust in one an-
other.”” Considerable network analytic research has shown
the power that accrues to brokers. Fernandez and Gould
(1994) showed that organizations occupying brokerage posi-
tions in the national health policy domain were more likely to
have greater perceived influence. Padgett and Ansell (1993)
explained the rise to power of the Medici family in fifteenth
century Florence as the result of a network position span-
ning otherwise unconnected subgroups. Burt (1983, 1992a,
1992b) described how the value of connecting different sub-
groups depends on the relative lack of other ties between
those subgroups. By restricting the flow of information be-
tween subgroups, this lack of ties creates disparities in the
knowledge held by the different subgroups and enables bro-
kers to profit by providing access for each subgroup to the
ideas of the larger network. Such a disconnected network
structure allows brokers to benefit because they “are well
connected in several networks, rather than extremely central
in just one’” (DiMaggio, 1992: 130). When the ideas are tech-
nological solutions, brokers benefit by being well connected
to a range of disparate industries and enabling the flow of
existing solutions between those that have such knowledge
and those that do not.

Social network theory describes networks of individual or
organizational actors and the relationships between them.
Within these networks, subgroups bound sets of actors that
"know one another, are aware of the same kinds of opportu-
nities, have access to the same kinds of resources, and
share the same kinds of perceptions’ (Burt, 1983: 180). An-
other network perspective, actor network theory, has
emerged from studies in the social construction of technol-
ogy and presents networks as comprising not only actors
but also the physical artifacts and concepts with which those
actors relate (e.g., Callon, 1980; Latour, 1887; Law, 1987).
The relationships of this more diverse network arrange
physical artifacts, individuals, and concepts into complex or-
ganizational and technological systems. Just as organizations
comprise networks of actors, products become "'networks
of juxtaposed components’’ {Law, 1987: 113). This expanded
definition of network elements may more accurately reflect
the technological environment that IDEO designers face,
where information about existing solutions resides within the
artifacts themselves, and brokers need not have close ties to
other actors to access that information. For example, in one
project we followed, designers learned as much about de-
signing a new consumer product by studying the existing
{and related) products as they did from talking to the client.

Subgroups in this expanded network, then, reflect relatively
isolated sets of actors, technologies, and concepts. The
boundaries between these subgroups can exist at many dif-
ferent levels, between individuals, organizations, or indus-
tries; we chose to draw them between industries because
technologies most clearly emerge and evolve within particu-
lar industries yet may have potential value in other industries
(Basalla, 1988; Hughes, 1989).% The transfer of potentially
valuable technologies to other industries, when it occurs,
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can cause significant economic and competitive changes
(Schumpeter, 1934; Rosenberg, 1982), but gaps in the flow
of infermation across industry boundaries often prevent this
diffusion. Organizations like IDEQO, by occupying positions
within multiple industries, may bridge these gaps.

IDEO’s access to outside industries offers an advantage to
clients who want new product innovations. IDEO’s designers
have generated part or all of over 3,000 new product de-
signs for clients since its formation in 1978. They have
worked most heavily in the personai computer, medical
products, and office furniture industries and have also de-
sighed products for the toy, telephone, automative, movie,
ski, bicycle, printer, and video game markets. IDEO does not
maintain a database of clients by industry, but our research
indicates it has worked in over 40 industries. From these
industries, IDEQ's designers have typically seen a broader
range of technologies than clients with experience in only
one or a few industries. The network concept of range de-
scribes the extent to which an actor contacts a diversity of
other actors and can be measured in two ways, as volume
of contacts or as quality of contacts {Burt, 1983). Volume
measures the total number of contacts an actor has; quality
measures the extent to which an actor’s contacts provide
nonredundant information and support. The evidence sum-
marized in table 2 suggests that IDEO’s value as a technol-
ogy broker depends not only on the number of clients and
industries 1t works with {volume of contacts), but also on the
technologies in those industries that are potentially valuable
yet previously unknown in others (quality of contacts).
IDEO's Methodology Handbook recognizes this value:
“Working with companies in such dissimilar industries as
medical instruments, furniture, toys, and computers has
given us a broad view of the latest technologies, materials,
and components available.”

Access to dissimilar industries also describes Edison’s labo-
ratory in West Orange, which consulted to diverse clients.
Millard (1990: 48) described Ediscn’s simultaneous pursuit of
electrical products for clients in multiple industries: "'The ex-
tensive contract research carried out by the laboratory staff
opened up new areas of investigation and offered valuable
spillovers of information that Edison was waiting to exploit.”
Millard (1990: 68) cited an example of this spillover in Edi-
son’s work for different clients in sound recording and in
telephones, both of which required technical knowledge
about acoustics: "The experiments in reproducers [for re-
cording] were paraileled by the continuing work on tele-
phone transmitters and receivers; as usual he was hoping
that one series of experiments might turn up some informa-
tion useful in another.” Millard (1990: 48) also implicitly rec-
ognized the value of such access when he described the
purpose of Edison’s laboratory: “"to bring together flows of
information at the right moment, providing the basic raw ma-
tenal for the invention factory.”

Like Edison’'s laboratory, IDEO has access to dissimilar in-
dustries that enables it to generate new product innovations
through technology brokering. In one case, a blood analyzer
was originally designed to be controlled by a separate per-
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sonal computer. IDEO's designers instead used their previ-
ous experience designing such computers to incorporate the
necessary features—a circuit board, printer, keyboard, dis-
play screen, and software interface—into the product. The
result was a new and more integrated blood analyzer that
represented a relatively dramatic combination of existing so-
lutions in computer and medical product technologies. Bro-
kering also provides innovative solutions to more common
design problems. For instance, when designers became
aware that a portable computer display lacked the room nec-
essary for traditional fasteners, they developed a solution
using modified bicycle wheel spokes as fasteners. In both of
these examples, IDEQ’s designers were able to bring to-
gether technologies from within and outside of their client’s
industry to generate innovative new products and solutions.

IDEO's Methodology Handbook recommends that designers
“look for opportunities to expand IDEQO’s network and/or in-
dustry knowledge.”” This may be more easily done now that
IDEO is relatively large and already well connected in a
range of industries and thus has something tc offer other
clients. When IDEO was a small start-up company, access 1o
disparate industries and technological knowledge was seren-
dipitous. IDEQO has its roots in the Silicon Valley and the
computer industry, and one of the early IDEO employees
described their original advantage: ‘At the time we were
really naive, but our customer base, when we all just
started, was just as naive. So, we knew just enough to be
ahead of them and it worked pretty well. They were all elec-
trical engineers and software guys. They didn't know any-
thing about mechanical engineering or making things, and
we knew just enough to be able to be useful to them.”" As
the Silicon Valley and information technologies developed,
IDEO was able to continue creating innovative products by
designing the mechanical and electromechanical compo-
nents surrounding the new information technologies as they
diffused to other industries. CEO David Kelley described this
strategy as “‘being the high-technology company to low-tech-
nology companies.”” And as IDEQ’s connections to different
industries grew, designers gained experiences with many
other technologies and have provided their clients in the
computer industry with useful technologies, such as low-
cost electric motors, new hinge designs, or new materials
that were taken from these other industries.

Technology brokering is visible at the level of firms and in-
dustries, but it takes place through the actions of teams and
people. IDEQO’s contact with different technologies comes
through the individual engineers’ contact with the industries
where those technologies are used. For industries in which
IDEQ has multiple clients, such as the computer industry,
many designers have worked with and understand the tech-
nologies involved. For industries in which fewer engineers
have participated, such as surgical instruments, only a few
might be familiar with the prevalent technologies. Designers
also come into contact with potentially valuable solutions
through the technical training and jobs they had before com-
ing to IDEO and through their hobbies and personal back-
grounds. IDEO has hired particular designers, in part, be-
cause of their past experience in and knowledge of medical
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products, manufacturing, and disk drives. In addition, IDEO
hires designers for their knowledge and interest in areas out-
side of their work, such as toys, bicycles, model airplanes,
sailing, sculpting, farming, woodworking, music, opera, cars,
motorcycles, skiing, and mountain climbing. The broad
knowledge and interests of IDEQO’s engineers result in ac-
cess to design solutions beyond the solutions that IDEO is
exposed to in its clients’ industries.

Most social network analyses measure current social rela-
tions between actors. In contrast, because an engineer’s
knowledge of potential solutions represents past as well as
ongoing relations, his or her network ties to a range of in-
dustries accumulate over time. As a result, each engineer
has a distinct body of technological knowledge from working
with IDEQO clients, from past technical training and work ex-
perience, and from his or her personal interests and back-
grounds. The role this diverse knowledge plays in creating
new products is evident in a description of how one design-
er's personal background was the source of new solutions:

Everybody seems to have a couple of kinds of interesting back-
grounds. Fred—because he used to build model airplanes—was
very good at it. Model airplanes have all these swivel and control
things, and he’d bring all this kind of technology to our prototypes:
little brass tubes and all these little hinges. He knew all that was
possible, and he wouid have a bunch of stuff in his garage and he’'d
bring that in and we'd make prototypes out of it. Other people are
into a lot of stuff. The technology of bicycles, which is actually
quite developed and refined, can be applied to sc many things.
People have a universal love of toys here and | think I'm the
epitome of that. Toys have so many neat things to offer. They are
high volume, mass production, often plastic, and very clever be-
cause they're so cheap. | especially love Japanese toys. We will
bring 'em out in brainstormers and kind of apply the ideas to skin
staplers or mechanisms, whatever.

At IDEO, designers view their community as a valuable
clearinghouse for technological solutions that they have ac-
cumulated through years of access to dozens of industries.
In their words, this community experience allows them to
"cross-pollinate” their ideas between products and indus-
tries. A network perspective describes how IDEQ is able to
exploit this cross-pollination in its innovation process by de-
scribing the structural conditions that allow an actor linking
otherwise disconnected domains to have access to ideas
that are potentially valuable, but unknown, to others. Yet
while this network perspective is necessary to explain the
conditions that make technology brokering possible, it is not
sufficient to explain how the innovation process occurs
through brokering. Much of this creative process occurs
within the firm. Solutions rarely come to the firm at the time
they are needed, to the people who need them, or in the
exact forms necessary to solve the problems designers face.
To understand how designers at IDEQ make connections
between existing solutions and new problems over time and
across people, we need to lock within the firm at the rou-
tines that designers and teams use to create new products
by learning of possible solutions, remembering them, and
retrieving them in new forms that fit in new combinations.
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Acquisition, Storage, and Retrieval: IDEO’s Internal
Routines for Technology Brokering

Technology brokering means that IDEQ’s designers solve
current design problems by drawing on technological solu-
tions they have seen in the past. This use of shared knowl-
edge from past experiences is the focus of conceptual work
on organizational memory (March and Simon, 1958; Huber,
1991; Walsh and Ungson, 1991), which refers to the means
that organizations use to retain past stimulus-response infor-
mation. Organizational memory becomes visible when indi-
vidual members react to new demands by drawing on an
organizational poocl of prior responses to similar stimuli
(Walsh and Ungson, 1991). Within the product development
process, past stimulus-response information refers to past
design problems and their technological solutions. The
means by which IDEOQO retains these past sclutions become
visible in the routines its designers use to draw on this orga-
nizational pool of prior respcnses to solve current design
problems.

There are conflicting perspectives on the role of crganiza-
tional memory in innovative activities such as new product
development. March {1972), Weick {(1979b), and others have
described its programmed responses as threats, because
they increase the organization’s potential for unconsciously
or mistakenly invoking ingrained, but often inappropriate, be-
havior. Other scholars, sometimes the same scholars, have
argued the opposite: that organizational memory supports
organizational innovaticn (Cyert and March, 1963; Neustadt
and May, 1986; Walsh and Dewar, 1987; Kantrow, 1987). By
routinizing search activities in standard operating procedures,
organizations can become more efficient at performing
them. Organizational memory can also support innovation by
retaining a broader range of potential responses, providing
more options for organizational decision makers. March
{1972: 427) asserted that "for most purposes, good memo-
ries make good choices.” The tension between these two
perspectives lies between the efficiency of “automatic re-
trieval processes’” and the uncertainty that these processes
will evoke responses that are “out of step with the [prob-
lems of the] present circumstances’ (Walsh and Ungson,
1991: 73). Whether an organization’s memory supports or
undermines its ability to innovate depends on how well its
past solutions—and routines for drawing on those alterna-
tives—can be adapted to fit the problems of the present cir-
cumstances.

At IDEQ, althocugh the design problems change constantly,
past knowledge remains valuable if designers can recognize
similarities between old sclutions and new problems. IDEO’s
network position provides its designers with access to a
range of disparate industries. This vantage point enables de-
signers to see a continuing stream of new problems to
which their old solutions apply and a continuing stream of
new (to IDEQ) solutions that may be useful for future prob-
lems. |IDEO’s organizational memory provides the link be-
tween these solutions and problems, and thus between in-
dustries, by providing search routines for generating a range
of alternative responses based on past experiences. |IDEO’s
organizational memory can be described with the three fun-
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damental processes presented by Waish and Ungson (1991):
acquisition, retention, and retrieval of information from the
past.

Acquisition. Access to a wide range of industries has
brought IDEO’s designers into contact with a wide range of
technological solutions; the acquisition process brings these
solutions into the organizational memory for possible use in
current and future designs {Walsh and Ungson, 1891). IDEO
designers acquire these sclutions by talking to and watching
new clients and others in the industry, by reading about the
industry, by looking at and taking apart products in and re-
lated to those in the industry, and, finally, by designing prod-
ucts for that industry.

Most projects at IDEO begin with clients describing their ex-
isting products and their desires for the new product. IDEQO’s
Methodology Handbook says: “'As consultants we need to
quickly become experts in the client’'s product area. We
want to acclimate ourselves to the market, the buzz words,
the competition. We need to orient ourselves to the major
pitfalls, alternatives, and opportunities.”” This expertise helps
{DEO designers to understand and work with a client’s exist-
ing technologies. This ongoing process of learning from cli-
ents started in IDEO’s early days and remains part of all pro-
jects. A senior designer recalled:

We were learning as we went. If we didn’t know how to do some-
thing we would never say to the customer, “‘we don’t know how
do that!"" We would learn how to do it either on the job from
people within the customer’s company or just by going out and
finding out about the stuff. Now, given our experience, there’s
probabiy very little about standard manufacturing processes that we
don't know. But we stili have the spark coming in because clients
come in with a new technology and want to apply it and we have
to come up to speed on that particular technology. So the excite-
ment of keeping up on the learning process is there and there's
also the excitement that you get when you hire younger engineers
who don’t have the experience and they come up to speed very
quickly on this mass of information.

IDEQO’s engineers keep “a mix of new technolocgy coming in
from the customer side’’ by actively searching for the poten-
tially valuable technologies of new industries. Knowledge of
these technologies resides in more than just the clients that
approach {DEO, so designers also look to industry consult-
ants, users, and suppliers as sources of existing knowledge.
In one project we followed, the design team talked about
how much they learned when they flew to Los Angeles to
meet with an expert on the intricacies of the matenals and
physics involved in the project. On another project, design-
ers hired an outside consultant, who they described as an
“‘electromagnetic interference guru,”’ to help them with the
design of a new computer. A project to improve the 15-
minute oil change offers a typical scenario:

Qur approach was to understand what's going on, to understand
and observe. So we talked to the president of the client company
to see what is going on. The clients indoctrinated us intoc the new
tune-up procedures. We talked to the head trainer, the woman who
does training for all the trainers that are training the mechanics and
that give demonstrative tune-ups. We talked about all the design
methodology and guidelines for those types of products. We went
to visit the training [center] and just watched and observed the en-
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tire process. We went to some shops, watched cars being worked
on, talked to managers, looked in the back rooms. We went to
training seminars. We just absorbed as much as we could as an
objective outsider. . . they gave us all their tools and they gave us
engine dummies, and so we were using the tools and doing all
sorts of stuff. We were really getting familiar with what the tools
were like to handle, just immersing yourself as much as you possi-
bly can into the whole realm of it. We brought in a mechanic, we
had him go through a tune-up as a group demo because we had a
whole bunch of people who were going to be in the brainstorm.
There were about 15 designers in the room.

The knowledge acquired during these broad industry
searches was useful in this design project and may lead to
innovative solutions in future projects.

IDEO engineers also acquire knowledge by studying an in-
dustry’s existing products. As the guotes in table 2 indicate,
designers read industry trade magazines and product cata-
logs. They gather all available products in the field, use and
sometimes abuse them, and take them apart to find out
how they were designed. We saw this approach by a team
that was designing a kitchen appliance. The project manager
explained: “"The best way to come up with ideas is first of all
to go out and look at what's out there. So, look at the exist-
ing products, rip them apart, then look for peripheral objects,
like toasters, blenders, and mixers. When you find technical
problems you go out, look around [some more] and walk
around ripping apart possibly relevant products.” Designers
on this project collected over 100 appliances from the client,
stores, catalogs, and fellow designers to learn all they could
about the nuances and possibilities of the technologies in-
volved.

The primary goal of these learning activities is to design an
innovative product that performs as well as, if not better
than, what previously existed in the industry. While much of
the knowledge acquired during these activities remains in
the memaries of IDEO’s designers after a project is com-
pleted, the act of designing that new product is alsoc an im-
portant step in bringing working knowledge of these new
technologies into the organization. Rosenberg (1982) de-
scribed this experience as “‘learning-by-using,”” and Cohen
and Levinthal {1994) argued that it is critical to a firm's ab-
sorptive capacity, or ability to exploit emerging technologies.
In creating new products, designers acquire intimate knowl-
edge of the limitations and possibilities of technologies be-
yond what they might have learned by only talking about,
looking at, or reading about those technologies. In addition,
project teams will often develop alternative solutions
throughout the project that, while not used in the final prod-
uct, represent viable aiternatives for subsequent projects. In
one case, a sliding door covering a computer front panel was
originally modeled after a garage door mechanism. The de-
signer built a prototype, but that design was not ultimately
chosen. Another project team was locking for a similar solu-
tion and borrowed the concept from the original prototype.
Again it was not chosen for the final design, but a third proj-
ect team, years later, did use it and bring it tc production.

To IDEQO's designers, existing products serve as records of
the technologies in an industry. By gathering together, study-
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ing, and ultimately designing such products while working on
a specific project, designers acquire knowledge of these
new technologies for use in both current and future projects.
But they also constantly engage in less focused and often
haphazard searches that, in addition to being fun, provide
them with knowledge for future projects. These searches
might be entertaining “'field trips,”” like when designers went
to an airplane junkyard to buy a DC-3 wing, to a ""robot-
wars’’ competition, and to the Barbie Hall of Fame; in each
case they described the fun they had, as well as some
“cool” design ideas they saw, to the rest of the company
during “show and tell’” at the Monday morning meeting.
These searches also occur through more mundane acts, like
collecting new materials, catalogs, or interesting products, or
just taking a walk to the hardware store to look around,
which might also yield “cool ideas’ that are announced dur-
ing ‘“'show and tell” or at least are mentioned during informal
conversations. Designers also told us that they helped teach
and grade design classes in local schools, partly because it
was an opportunity to see new and interesting ideas.

Storage. Writings on organizational memory describe stor-
age as how an organization puts away information until it is
needed (March and Simon, 1958; Huber, 1991; Walsh and
Ungson, 1991). At IDEQC, the storage of technological knowl-
edge became visible only as we observed the retrieval pro-
cess in conversations, brainstorms, and other group prob-
lem-solving activities. From these observations, however, it
was evident that much of the knowledge of potential solu-
tions resides in the minds of the individua! designers as
products they had seen or used before, projects they had
worked on, or technologies they had read, heard, or talked
about. The evidence, summarized in table 2, indicates two
types of routines at IDEQO for storing potential technological
solutions: routines for storing specific knowledge and rou-
tines for maintaining and refreshing that knowledge until it
can be used.

Routines for storing specific technological knowledge at
IDEO placed potential solutions in the memories of individual
designers and in the objects and products that designers col-
lected from their previous work. One designer grew up on a
farm and, Iin two brainstorms we attended {one on a new
faucet design and another on cleaning carpets), he offered
potentially useful solutiocns based on technologies from trac-
tors and combines. But designers do not consciously identify
themselves with particular technological domains; this de-
signer, for example, also offered many solutions that did not
come from his farming background. Another designer talked
about how his memory ot design solutions was "‘one big pile
of tools,”” and, while “each industry has its own set of tools,
| only remember the tools, not where they came from.” De-
signers also keep written records of previous projects, such
as brainstorming reports and part drawings. We went to one
meeting about flexible tubing in which another designer
{who was not in the meeting) overheard the discussion and
interrupted. He had faced the same problem while cn a proj-
ect in another industry and offered an old brainstorming re-
port that listed the potentially relevant solutions they had
found.
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Designers augment their individual memories and written
materials by collecting, looking at, and talking about products
or parts of products, which act as records of existing tech-
nologies. Designers stockpile old products and parts in their
offices and hallways or hang them from the ceiling. Some-
times these are parts and prototypes of previous IDEO de-
sign efforts that act, as one designer described, like “"con-
gealed process—a three-dimensional snapshct of the ideas
of a previcus project.”” Sometimes they are toys, collections
of products from industries IDEO has previously worked in,
parts and assemblies collected from vendors, or objects that
reflect designers’ personal interests or quirks. The shelves in
one designer's office held 23 battery-powered toy cars and
robots, 13 different styles of plastic hotel keys collected dur-
ing trips, a battery-less flashlight powered by squeezing the
handle, an industrial pump, 11 prototypes of a portable com-
puter, 14 prototypes of a computer docking station, six com-
petitive computers in various stages of disassembly, 15 bind-
ers from past projects, a pile of disk drives, a collection of
toothpaste tubes he had designed, a toy football with wings,
a pair of ski goggles he had designed, four humorous
plaques awarded for past projects (e.g., “under-the-gun”
award for working under pressure), a Frisbee that flies under
water, and dozens of other products and parts. This designer
was especially fond of toys and spent a lot of time telling us
about how his toys contained useful ideas in the form of dis-
tinctive hinges, materials, molding features, or assembly re-
quirements.

Designers routinely loaned these objects to one another for
brainstorms and other parts of the design process. A group
of designers took the notion of shared '‘cool stuff”” a step
further by filling several centrally located file cabinets with
hundreds of ""cool design inspirations.” This “‘technology
cabinet”” was a collective rather than an individual good. It
was started with “donations from several designers’ private
collections of cool stuff,”” and it soon became ‘'cool’’ among
a wider set of designers to add new ""neat and strange
things’ and to tell other designers about what they added.
One of the cabinet's self-appointed custodians told us, "“ev-
ery time you look in here, something new shows up.” The
contents include nitinol {& metal that predictably changes its
shape in response to temperature changes}, tiny fans and
motors the size ¢f a fingernail, magneterheoclogic fiuid (which
changes viscosity when magnetized), samples of carbon fi-
ber parts, an inflatable toy gorilla, and samples of flexible
circuit boards, all or parts of which the designers hoped one
day to use in their design projects. There are also metal
cases in the cabinet so that designers can transport perti-
nent parts of the collection 1o meetings in IDEC and at client
companies. There are also larger products on display, like
the DC-3 airplane wing and an old Texaco gas pump placed
next to a new electric vehicle charger that IDEQO designed
for Hughes/General Motors. A similarly diverse set of objects
was evident in Edison’s laboratory. Millard {1990: 15) quoted
Edison as saying, '‘the most important part of an experimen-
tal laboratory is a big scrap heap,” reflecting, Millard said,
“his reliance on a well-stocked store-room and a collection
of apparatus and equipment left over from previcus experi-
ments.” Like Edison’s equipment and apparatus, artifacts
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seem to lie around IDEQ’s offices as reminders of interest-
ing and potentially useful technologies, patiently awaiting the
appropriate problem.

The technological solutions in the minds, written records,
and products of individual designers are valuable only when
they can be retrieved easily for use in current projects. IDEO
maintains these memories in ways that are easy to access.
Displaying objects where other designers can see them
makes ideas accessibie, as do the constant conversations
that IDEO designers have about who has what design
knowledge. As the evidence in table 2 indicates, designers
informally “catalog’’ this knowledge about one another. In-
formants told us that, to be valued by one’s peers, it was
important to establish a reputation for having expertise that
is distinctive within the community of IDEQO designers. The
Methodology Handbook is explicit in this advice: ""become
an expert in the product area: learn everything that's out
there.”” IDEO designers act like '‘gatekeepers’ (Allen, 1977)
who bring knowledge from the cutside world into organiza-
tions. Allen’s gatekeepers represented a minority of the
population, but most engineers at IDEQ fill this role. Each
designer acts as a technology broker within the internal net-
work of IDEO designers, bringing the experiences of his or
her unique background to bear on the problems faced by
other designers and being rewarded for doing so with re-
spect from peers, more responsibility, and more interesting
work. For example, one designer who had worked in the
medical industry was respected for her knowledge of tech-
nologies involving fluid transportation, such as pumps, tub-
ing, or valves. When cther designers believed that such
technologies might offer potential solutions to probiems they
faced, they would try to involve her in their project. As a de-
signer put it: “"The model is you become a real expert and
you're recognized around the company as being an expert in
that particular field. You can specialize in some design area
like materials or motions or whatever and at least be recog-
nized in the company as being really good at that. So, people
come to you with their questions.”” In addition, upper-level
managers serve as guasi-librarians. By knowing who had
worked previously on what projects, they could often direct
designers to individuals with relevant knowledge. One infor-
mant described the value of an upper-level manager: ''Peter
was the best ‘hub’ of information; he is involved in all of the
projects and knows what everyone is working on.”” This in-
formal reference system equates individual designers with
famities of technological solutions. So beyond developing his
or her own focused technical expertise, sach designer devel-
ops broader knowledge about which designers have which
technical knowledge. This broader knowledge grows in paral-
lel with the retrieval process in brainstorming meetings and
other social interactions like Monday morning meetings, in-
formal lunches, and company parties. Designers display their
technical knowledge during these meetings and, in the pro-
cess, teach others when it might (and might not} be useful
to ask him or her for assistance. For example, we saw one
brainstorming session lapse into a five-minute lecture by a
designer on the mechanical properties of soap before the
group started generating ideas again about carpet cleaning.
In this way, the process of retrieval facilitates storage be-
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cause it brings technical knowledge back to the surface, re-
freshes the memories of the individual designers, and re-
minds everyone else of what that designer knows.

Retrieval. Retrieval describes those routines that support
the application of stored information to an organization’'s
present decisions {(Walsh and Ungson, 1991). At IDEQ, re-
trieval entails bringing stored knowledge of potentially valu-
able technological solutions to bear on the design problems
of current projects. As the evidence in table 2 indicates,
IDEO designers retrieve technological solutions through ana-
legic thinking and through established routines for sharing
the problems of current design projects with other designers
in the organization who have relevant and potentially valu-
able knowledge.

Technologies, in an abstract and conceptual form, carry the
pctential to address many different problems in many differ-
ent industries. In most cases, however, designers at IDEO
learn of possible technologies by seeing them in existing
products, in specific forms intended to serve particular indus-
tries. To recognize the potential value of a product’'s techno-
legical components, the designers must abstract them from
their specific, past implementation before adapting them to
meet the needs of the current problem. One designer de-
scribed the simplicity of the idea behind this difficult task: "If
you take all the existing products or thoughts on existing
preducts and gather them and then took the best part of
each one and combined them, you'd have a better product.
It is as simple as that.”” The way that IDEQ’s designers take
all the existing products, recognize the best part of each
one, and combine them is a critical aspect of the retrieval of
potential solutions from IDEQ’s organizational memory.
Neustadt and May (1986} argued that analcgies play a critical
role in organizational memory because they allow individuals
to link past stimuius-response information to current stimuli.
Similarly, Schon (1993) described the use of analogies, or
"“generative metaphors,’’ in creative problem solving. In
product design, creative preblem solving draws on the orga-
nization's memory by making analogies between past tech-
nological solutions and current design problems. For ex-
ample, a designer working on the hinge mechanism for the
screen of a new portable computer might recognize the po-
tential value of a hinge design that he or she had noticed
holding together the wing of a plastic toy dragon. The re-
trieval process involves generating an analogy between this
particular solution in its iImplementation as a toy’s wing and
the specific requirements of the new design problem, a por-
table computer.

Analogies allow product designers to see the portable com-
puter screen momentarily as a toy dragon’s wing, to view
old technological solutions from a new frame of reference
that allows them to recognize certain useful characteristics,
such as matenal, design, or flexibility, and to ignore other
less transferable features, such as shape, size, or original
use. As a result, designers can recognize potential connec-
tions between technologies they have seen before and their
current design problems. In one project, designers attempt-
ing to develop a spill-proof nozzle for a bicycle water bottie
described how they recognized similarities between the
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problems of the water bottle design and a previous project
designing a shampoo bottle that could hang upside down. In
another, designers looking to power a door opener on an
electric vehicle charger told us they recalled an analogous
action In the pistons that open the rear window of a station
wagon. In both of these examples, the ultimate solution built
on the principles that were identified through these analo-
gies, but not all analogies become part of the finished de-
sign. Designers will use analogies to generate a wide range
of alternative solutions to choose from. One brainstorming
session on “‘ways to deep-clean carpets’’ elicited analogies
to tank treads, street sweepers, tractor combines, hair re-
moval devices, shavers, whips, vibrating combs, squids, and
Velcro (this last suggestion seems obligatory, and even hu-
morously offered, in all brainstorms we attended). Another
brainstorm, on designing a "portable kitchen counter,” re-
trieved potential solutions by drawing analogies to jet fighter
wings, plastic coolers, children’s furniture, washing ma-
chines, bentwood chairs, surfboards, and skis. Elements on
these {ists may appear unrelated, but each analogy was used
to turn aspects of existing technologies into potential solu-
tions for the problem at hand. Analogic thinking is critical to
the brokering of potentially innovative solutions because it
allows for acquisition and storage of technologies in their
original implementations, but for retrieval in forms adapted
1o the needs of the current design problem.

To recognize the potential value of a technology and adapt it
to disparate products, designers must be familiar enough
with a technology to generate analogies appropriate for cur-
rent designs. Thus, much of the retrieval process at IDEQO
entails bringing designers with knowledge of potentially rel-
evant technologies into direct contact with the problems of a
new design project. Brainstorming sessions are one of the
most direct ways that such contact occurs. Brainstorms are
tace-to-face sessions for generating ideas (Osborn, 1957);
design teams convene them intermittently throughout a proj-
ect. Almost all IDEO designers participate in brainstorms,
which typically include six to twelve designers who are tar-
geted for their potentially relevant knowledge in a range of
technologies or industries (Sutton and Hargadon, 1998).
IDEQ’s Methodology Handbcok tells project leaders: “‘Set up
at least two major introductory brainstormers to get the best
minds in the company, the ccllective conscicusness of the
office, working on your problem.” And a designer described
what people setting up brainstorming meetings should do:

Look for others with related expertise that might see the idea from
a different perspective. The most fruitful brainstorms in these types
of areas are when at least one participant has a good deal of spe-
cific, available knowledge from a different area that is still very ap-
plicable. In these cases, the client is probably unaware of this new
information, and we can transfer a lot of detailed, implementable
solutions.

For one brainstorm, a designer picked participants with the
mix of skills needed for designing ski goggles; some knew
about foam materials and their design requirements, some
knew clear plastics, scme knew manufacturing, and some
knew skiing. IDEQO uses brainstorms throughcut the develop-
ment process, and these meetings often bring over half of
IDEQ’s designers into contact with a particular project.
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Designers create a visually rich environment in brainstorms
to help them make connections between existing product
technologies and the design problems they currently face.
Designers and brainstorm organizers typically bring in "“tons
of related hardware.”” One brainstorm was in a room filled
with dozens of pieces from four or five vacuum cleaners
plus another four assembled vacuum cleaners. A designer
brought about twenty different television remote controls
into another brainsterm. One designer described his prepara-
tion for brainstorms:

When the brainstorm is on a tricky problem, | always set up what is
called a crash cart. | get one of these roll-around carts and fill it
with anything | can that is relevant and then some things that may
not be even remotely relevant so that you have this big playpen full
of stuff that's sitting on the table or it's sitting on the cart: informa-
tion, devices, data. In this way, brainstorms are like a big open-book
exam where you're allowed to bring stuff in.

Brainstorms are not the only arena where potential solutions
are drawn from IDEQ’s organizational memory. Designers
routinely ask for technical assistance at the company-wide
Monday morning meetings (e.g., "VWho knows about sheet
metal fasteners?’’). They use electronic mail to broadcast
questions to the firm, for example, about fasteners, materi-
als, adhesives. A designer explained: "“There are often things
that people need help on. They put them on e-mail and
there’'s almost always responses. If you get a question and
know the answer, you just take the time and answer it and
that’s part of the job description because you know you're
going to get it back.” Retrieval also occurs during informal
conversations that follow meetings or e-mails, which are fa-
cilitated by IDEQ’s open office plan and (in Palo Alto) en-
counters that occur as designers walk between the seven
IDEO buildings within a three-block radius. Informal conver-
sations often occur between designers who are known to
face specific technical challenges (who are expected to ask
for help) and designers who are known tc have pertinent
expertise (who are expected to give help). A designer said:

| think that people here feel really free about just throwing things
out just in casual conversations in the halls. [You ask] “Oh, Lee, |
got a problem, maybe you have an answer for me.”” You stop and
help if you've been into brainstormers on some of these things be-
fore, and so have some exposure to it, or hear about it at the Mon-
day morning meeting and think about it, or if it's cbvious what
someone is doing. You stop and throw your ideas out.

Analogic thinking allows designers to take in specific imple-
mentations of technological solutions yet retneve useful so-
lutions for new problems that could not be predicted or that
are, in form, distant from the technological solutions in
IDEO's memory. The intimate knowledge required to enable
such generative metaphors requires problem-solving arenas
in which communication of complex problems and solutions
are possible. IDEQ’s brainstorms, other scheduled meetings,
e-mails, and informal conversations create such rich commu-
nications and allow the retrieval of specific technological so-
utions that often take far different forms than those in
which they entered the organization’'s memory.

DISCUSSION

We blended network and organizational memory perspec-
tives in a model of technology brokering that explains how
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one organization develops innovative products. This firm ex-
ploits 1ts network position to gain knowledge of existing
technological solutions in some industries that may be po-
tentially valuable in cthers, but are rare or unknown. It acts
as a technology broker by introducing these solutions to in-
dustries where they are not known, and, in the process, cre-
ates new products that are original combinations of existing
knowledge from disparate industries. The organization’s links
to many industries provide its designers with access to a
broader range of technological solutions than they would see
working in a single industry. Designers acquire and store
such solutions in the organization’s memory. Then, by mak-
ing analogies between new design problems and old solu-
tions they have seen before, they retrieve such knowledge
tc generate new solutions to design problems in other indus-
tries.

Because the primary aim of this paper was to blend network
and organizational memory perspectives in a mode! of tech-
nology brokering, we have devoted limited attention to ex-
plaining how IDEQO encourages and supports employees to
follow the internal routines that make such brokering pos-
sible. Our field study suggests that the organization’s role is
critical. The structure of the work, norms for collaboration,
formal and informal reward systems, and employee selection
processes may help explain why IDEO, and perhaps other
organizations, have employees with the skill and motivation
1o carry out these routines.

Organizational Support for Technology Brokering

First, the structure of work at IDEO causes individual design-
ers to face a continual flow of new problems requiring engi-
neering solutions. This flow of new problems provides incen-
tives for them to develop, and opportunities for them to
exploit, a wide-ranging knowledge of potential solutions.
IDEO’s client base ensures that the organization will encoun-
ter a range of new problems and new solutions. Within the
organization, however, the engineers also do not specialize
in any single industry but, instead, often move to new indus-
tries after completing a single project in one industry. Engi-
neers also often transfer on and off long-term projects to
prevent "burn-out” and allow them to pursue interests in
other areas. In a given year, an engineer may desigh por-
table computers, vacuum cleaners, medical products, and
office furniture. One project manager described this lack of
specialization: ""As a designer you love variety and, not hav-
ing to do the same thing for years on end, it keeps you fresh
and it makes you more confident that you can use some-
thing you learned in this area and move from there.”” Work is
also structured so that teams are formed and disbanded
around individual projects and coften pull in additicnal mem-
bers for brainstorms or short bursts of effort. This move-
ment between teams and projects not only provides design-
ers with a wide range of experiences, it also provides them
with exposure to the skills and backgrounds of their col-
leagues. So the constant flow of new problems, combined
with the movement of engineers from team to team and
industry to industry, creates opportunities for engineers to
develop varied technological backgrounds and to learn about
others’ distinct knowledge and skills.
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These varied backgrounds, and awareness of what others
know, enables the engineers within IDEO to act as individual
technology brokers by allowing them to draw cn their own
diverse technical knowledge to help others. Much of this
benefit, however, depends on IDEQ’s strong norms for de-
signers to share their disparate knowledge and help cne an-
other. We have proposed that these norms (and the associ-
ated values) can be summarized as an "attitude of wisdom”’
{(Sutton and Hargadon, 1996). Building on Meacham's (1990)
writing, people who have an attitude of wisdom are coopera-
tive because they are neither too arrogant nor too insecure
to ask others for help and because they treat what they
know with humility and what others know with respect. Fur-
thermore, wise people realize that they know things that
others do not, sc they constantly tell others what they know
and offer others help and advice.

Newcomers at IDEO are taught the attitude of wisdom at
IDEO and old-timers are reminded of it by the everyday in-
teractions of the designers, interactions that are most visible
in organizational routines such as brainstorming and Monday
morning meetings. Brainstorms foster technology brokering
at IDEO by pulling together groups of designers to work on
an identified problem. Designers call these meetings to seek
the help of other designers at IDEQC who are not already in-
volved in that project. In doing so, they demonstrate that
they are neither too insecure nor too arrogant to ask for
help, that they are treating what they know with humility
and what others know with respect. One designer described
brainstorms as “‘useful in getting detailed knowledge about
your project out so it stimulates others to suggest solutions
or offer leads.” Another said, "'The main reason | use brain-
storms is to generate ideas that | know | wouldn't have on
my own.”” The designers who attend brainstorming sessions
do sc because they believe they can contribute distinct tech-
nical solutions to the problem and because, if they don't
help with others’ projects, the favor will not be returned.
This same sense of sharing was visible in the Monday morn-
ing meetings, when designers would announce problems
they were working on (e.g., “"Who knows about adhesives
for sheet metal?’") or would present potentially useful or in-
teresting ideas they had recently seen (e.qg., handing around
an example of a co-molded plastic handle with rubber grip)
during “‘show and tell.”” These interactions made visible the
norms for asking for help, sharing knowledge, and giving
help, which taught newcomers and reminded insiders how
they were expected to behave at IDEO.

Third, IDEQ’s formal and informal reward systems provide
substantial support for such collaboration. Top managers de-
termine designers’ pay and responsibility, and while they
place weight on the number of hours billed, compensation
decisions are based largely on informal reputation among
fellow designers and formal peer reviews. A top manager
described IDEQ as a ""peer-oriented meritocracy,”” so pay
and status are closely related. A designer emphasized, “"the
only way to enhance your status in the organization is by
earning the respect of your peers.”” Designers do earn re-
spect from their peers through individual efforts that pro-
duced good designs, but a designer’s reputation is based at
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least as much on using his or her skill to help others. A de-
signer explained:

People realize that the way to be respected and to get ahead is to
be out there. It doesn’t work just to be a grind on your project. |
mean, you can do a great job on your project and meet all your
goals, but | think the reward structure is set up In a way that if you
don’t participate in other stuff, that it's probably a little bit of a de-
merit. People don’t know you as well so your capabilities aren’t as
well understood, you're not as likely to be invited on projects,
you're not going to be in demand. So there's a benefit for spread-
ing your knowledge and your skills around because you get to be
seen by more people and so you become more desirable.

A designer’s reputation among his or her peers is alsc en-
hanced by asking for help. Following the attitude of wisdom,
people who don’t ask for help are thought to be either too
insecure or too arrogant, to lack humility about what they
know and respect for what others at IDEO know. One engi-
neer compared his experiences at IDEO to other engineering
organizations: “"Where | worked before, you just didn't ask
for help. It was a sign of weakness. . . .[At IDEO] we don't
have time to screw around. At the first hint | don’t know
something, I'll ask ‘Does anyone know about this?’ The
whole thing here is you've got to leverage as much as pos-
sible. You ask for help. You are expected 1o ask for help
here.”” There is especially low tolerance at IDEQO for engi-
neers who don’t ask for help and then produce poor de-
signs. One designer asserted that making mistakes was
viewed as an expected and inevitable part of the design pro-
cess. Failed or weak design efforts that represented the
combined best efforts of a number of IDEO engineers were
viewed as understandable. In contrast, designers who made
mistakes but had not asked for help were not easily for-
given. Other designers sometimes reprimanded them for
failing to follow IDEQO’s methodology, spread negative gossip
about them, and, if they repeatedly failled to ask for help,
shunned them by, for example, not inviting them to attend
brainstorms or to work on interesting projects.

Fourth, as with performance evaluations, employee selection
is done by (future) peers who look for new designers with
the right technical knowledge and skill {including back-
grounds that bring new design solutions into IDEQO) and an
inclination to follow IDEO's work practices and norms. A per-
son is not hired unless at least ten designers express strong
support for offering him or her a job. Furthermcre, approxi-
mately 70 percent of IDEQ’s engineers are graduates of
Stanford University’'s Design Division of the Mechanical Engi-
neering Department. IDEO’s CEQ, David Kelley, is a tenured
professor in the department and, along with at least ten
other IDEO designers, teaches product design in this pro-
gram. A senior designer and long-time lecturer described
IDEQ’s relationship with Stanford: "I have twenty-five of my
students here now. And Kelley, I'm sure, can count more
like forty or fifty of the whole seventy. So we use, or have, a
nice relationship with Stanford.” David Kelley and many of
IDEO’s first employees graduated from this program, so
there is much overlap between IDEQ’s and Stanford's de-
sign philosophy. As one designer and teacher put it, “We're
not only foliowing the philosophy of the Stanford product
design program, we're setting the philosophy. it's not clear
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who's driving who now.” As a result, IDEO engineers {and
others) who teach these design courses socialize students in
IDEO’s design process and core norms. These IDEO engi-
neers are also able t¢ select newcomers from a pocl of stu-
dents whom they have observed working on design pro-
jects. Promising students often perform summer internships
at IDEO. A senior designer said, ''lt's a great way to inter-
view people. We just see these superstars coming through
and they see us and they want to work here and we love to
have them so we just grab them every year.” In addition,
the remaining 30 percent or so of IDEO engineers who did
nct attend the Stanford program usually first worked with
IDEO engineers as clients or contract workers, so they
learned about IDEQO’'s work practices and core norms and
were screened carefully by insiders before being offered
jobs. The result is that IDEQO’s selection process not only
screens potential new employees for pertinent technical
skills and willingness to seek and offer help in the design
process, it may also serve to instill such knowledge and be-
liefs in designers before they are hired.

These preliminary data from IDEO provide hints about
means that other organizations may use to support and en-
courage employees to act in ways that support internal tech-
nology brokering routines, so as to establish and exploit indi-
vidual ties to distinctive knowledge domains. By structuring
work so that employees are exposed to a wide range of in-
dustries, individual employees become well versed in di-
verse, and perhaps otherwise disconnected, domains and
the technologies within each. By constantly forming and dis-
banding teams, employees are exposed to the diverse
knowledge held by their coworkers and learn who has what
kinds of expertise within their organization. By developing
and reinforcing strong norms for exchanging information and
for asking for and giving help, employees will feel comfort-
able asking for help, will know the right people to ask for
help, and those who are asked will feel compelled to help.
By providing rewards for sharing information and helping oth-
ers that are at least as great as the rewards for individual
accomplishments, employees will cooperate rather than
compete, or perhaps compete with cne another over who
shares the greatest amount of pertinent information and
who is most helpful on cthers' projects. Finally, by screening
employees for cultural fit as well as technical knowledge and
skill, and by relying largely on what potential employees
have shown they will do instead of what they say they can
do, an organization is more likely to be composed of people
who act, individually, as technology brokers and who help
their coworkers do such brokering.

Directions for Future Research

Our effort to blend network and memory perspectives sug-
gests that network theory might be developed further by
devoting more attention to the transformation and combina-
tion of ideas and resources as they flow through network
actors. The transformation and combination described in this
paper occurs predominantly through individual actions within,
and not between, such actors. Netwaork theory describes the
fragmented structure of knowledge across different domains
and explains the value of people and organizations posi-
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tioned as brokers in structural holes. But this perspective
treats network actors largely as conduits that pass along un-
changed ideas and resources to others. Little attention is
devoted to if, how, or why those ideas and resources are
transformed and combined into new solutions for other ac-
tors and subgroups.

IDEQ, like Edison’s laboratory, does more than just transfer
technological information from groups where it is plentiful to
groups where it is dear. IDEO acquires such information,
stores it, changes it, and retrieves it to create new combina-
tions of old things. Through this process, brokers create new
value (and new knowledge) by adapting and recombining ex-
Isting technological solutions in creating the specific forms of
new products and processes that meet the needs of differ-
ent markets. Network theory may be enhanced by future
research that considers how brokers whao span structural
holes change the ideas and resources that they transfer and,
additionally, how brokers’ ability to add value to ideas and
resources helps them maintain and further exploit their net-
work position.

The purpose of an inductive study like the one reported here
is to guide and inspire new ideas, not to validate existing
ideas. The extent to which the local explanation of innova-
tion summarized in figure 1 develops into a more general
theory of technology brokering depends on how well it, or
its descendants, explains innovation in other settings. One of
the first questions for future work on technology brokering is
whether or not this local model resembles innovation pro-
cesses in other settings or is idiosyncratic to the firm that
we studied. The extent to which our model generalizes to
other organizations can only be determined by hypothesis-
testing research in large, representative samples of other
organizations involved in creative problem solving. A variety
of existing cases suggest, however, that the process we ob-
served at IDEO is much like that used in other organizations
doing creative work.

Management consulting firms like McKinsey & Co. and
Andersen Consulting profit by bringing to client organizations
management technigues that clients were often not previ-
ously aware of but that have potential value to solve their
current preblems. For McKinsey, the result is reported to be
a set of clients whose ""demand for organizational knowl-
edge and experience cuts across nearly every important cli-
ent relationship regardless of industry’’ (Katzenbach and
Smith, 1993: 98). Taking advantage of this position between
clients and the knowledge these clients seek requires rou-
tines to acquire, store, and retrieve such knowledge in forms
that their clients can use. To do so, McKinsey uses formal
and informal mechanisms to store and retrieve potentially
valuable knowledge. One example is their ""Rapid Response
Team,"” established to "respond to all requests for best cur-
rent thinking and practice by providing access to both docu-
ments and experienced consultants’” from across the com-
pany (Katzenbach and Smith, 1993: 98). Arthur Andersen
similarly benefits from its ability to broker new solutions
based on past experiences. The firm’s promotional materials
promise to “quickly produce innovative solutions’ by draw-
ing on a knowledge base that ""abounds with breakthrough
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guantitative tools along with gualitative best practices com-
piled from client experiences and exhaustive research,”” and
they promise to do so by using the formalized routines cap-
tured in their Global Best Practices approach (Business
Week, 1996). As a result, these management consultants
provide their clients with new soclutions that are combina-
tions of (what they believe t¢ be) the best management
technigues they have seen elsewhere.

Technology brokering may not be limited to consultants. The
3M Corporation is a large manufacturing firm that often finds
new uses for existing technologies by adapting and introduc-
ing those technologies in new markets. The surface prepara-
tion technology known as “‘microreplication’” that 3M origi-
nally develcped for overhead projectors in 1964 has diffused
and evolved to provide 3M with innovative products in elec-
tronics {(magneto-optics), adhesives {(smart adhesives), abra-
sives (structured surface abrasives), reflective materials
(street signs and lane markers), illumination (light polas), film
(liquid crystal display film), and lenses (low-profile overhead
projectors) (Stewart, 1996). Our local model of technology
brokering may offer insights into how organizations like Mc-
Kinsey, Arthur Andersen, and 3M position themselves within
a network of imperfectly shared technological knowledge
and how they acquire, store, and retrieve past technologies
for implementation in new designs for other industries.

Future research might also focus on specifying the environ-
ments in which technology brokering is likely to occur. QOur
perspective suggests that the primary feature of such envi-
ronments will be a fragmentation in knowledge and commu-
nication between technological domains. When ideas exist in
one domain that are potentially valuable in others, individuals
and organizations can create innovative new concepts by
acquiring, storing, and retrieving these ideas in new combi-
nations and by transferring these combinations to new audi-
ences. Technology brokering appears especially likely to oc-
cur when new technologies are developed that have
potential value in a wide range of industries but such knowl-
edge is not yet widely diffused. Examples include electro-
magnetic power at the turn of the century and information
technologies in recent decades.

The general applicability of electric power meant that inven-
tors like Edison could profit by finding problems in a wide
range of industries that electric power could solve. In a simi-
lar, though less grand process, IDEO adapts information
technologies for use in a range of industries that had previ-
ously lacked such knowledge. The historian Hughes (1989),
in language reminiscent of March and Olsen’s (1976) gar-
bage can model of decision making, described the creative
process used by independent inventors at the turn of the
century as solutions in search of problems. The presence of
techneologies with potential value to a broad range of indus-
tries allowed organizations with knowledge of these existing
“"solutions’” to create new products routinely by crossing in-
dustry boundaries in search of new problems. Elmer Sperry,
a contemporary of Edison, whose firm pioneered the use of
electric motors In gyrostabilizers and gyrocompasses, stated
his rationale behind this strategy: "If | spend a lifetime on a
dynamo [i.e., electric motor] | can probably make my little
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contribution toward increasing the efficiency of that machine
six or seven percent. Now then, there are a whole lot of [in-
dustries] that need electricity, about four or five hundred per-
cent, let me tackle one of those’ (Hughes, 1989: 54). Theory
about technology brokering might be advanced by consider-
ing how, given the nature of the technologies involved and
the distribution of knowiedge about them, environments fa-
cilitate or hamper innovation through brokering.

Our evidence from IDEO also suggests that internal routines
are essential 1o organizations that exploit attachments to dis-
parate industries. Organizations that face many different
problems benefit from routines for acquiring, storing, and
retrieving a broad range of technological knowledge when
that knowledge will be useful in solving future problems.
IDEO has clear ties to a wide range of industries, but other
forms of organizaticns may hold similar network positions
without sharing the same organizational forms. There may
be alternative ways of organizing for technology brokering
that reflect different environments and different strategies
and result in different sets of internal routines. For instance,
IDEO and other consulting firms continually explore the envi-
ronment for new solutions while solving the specific prob-
lems of clients in a range of industries. Others, like Edison
and Sperry, may innovate by specializing in a single, emerg-
ing technology and exploring the envircnment for possible
applications of that one solution. Still other organizations
may gain access to a range of industries through multiple
divisions and share discoveries {and failures) in one industry
that may have potential value in another. Large, multidivi-
sional corporations, for example, have internalized access to
the technologies and market needs of different industries. A
division operating in one industiry may broker potentially valu-
able technologies to other industries by sharing knowledge
between divisions. Mueller (1975: 326} described the discov-
ery by DuPont researchers of Duco lacquer, which reduced
the drying time of automotive paint from days to hours.
Seeking an improved photographic film, these researchers
recognized in a failed experiment the potential for a new
product in a wholly different industry. By adding pigments to
a congealed and useless solution for photographic film, they
created a vastly improved automotive lacquer. DuPont’s ac-
cess to such a broad range of industries and its internal rou-
tines for sharing problems and solutions turned a failed pho-
tographic film experiment into a highly successful
automotive product. Organizations that have developed rou-
tines for technology brokering may be better able to take
advantage of such serendipitous discoveries. Theory on tech-
nology brokering might be enhanced by considering the rou-
tines that such firms use to match potentially valuable tech-
nologies found in some parts of the organization with needs
in other parts.

CONCLUSION

Our medel of technology brokering suggests that innovation
can and should be studied by considering both the social
structure of technological knowledge and the internal rou-
tines of organizations able to exploit that structure. Innova-
tion through brokering may generalize beyond technological
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