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Commercializing Discontinuous Innovations:
Bridging the Gap From Discontinuous Innovation
Project to Operations

Mark P. Rice, Richard Leifer, and Gina Colarelli O’'Connor

Abstract—Since 1995, a multidisciplinary team of researchers The negative consequences of too much attention to incremental
has deployed case study methodology to follow the progress ofinnovation have been recognized by many business scholars,
12 discontinuous innovation projects in ten large R&D-intensive e.g., J. Utterback [24] and C. Christensen [5], who have noted

firms. The study has illuminated the challenges of managing the how fi that dominat fi ftechnol ften fail
surprisingly difficult transition from R&D project to an operating owlirms that dominate one generation ot technology often fai

unit in the eight of the 12 projects that reached transition. A t0 maintain leadership in the next.

substantial “readiness gap” existed between the projectteams and Leaders of established companies have acknowledged that
the receiving business units. The challenges have been captured indiscontinuous innovation is critical to their long-term growth
the form of ten critical questions that must be addressed before 5,4 repewal. The Industrial Research Institute, a professional
a project can be successfully transitioned. Based on an analysis iati f th ior technol ' fl i
of transition practices, the authors identify seven propositions for aSSF’C'a lon o ej senior (.ac nology managers of large es
improving the effectiveness of transition management suggesting tablished companies committed to R&D, conducts an annual
the potential usefulness of the following managerial approaches: survey of its members. In 2001 “accelerating innovation” was
1) conducting a transition readiness assessment; 2) assembling &ated the top challenge facing technology leaders, and in 2000
transition team; 3) establishing an oversight board; 4) developing he top challenge was “managing R&D for business growth”
a transition plan; 5) providing transition funding from corpo- [10], [11]. Indeed, the relationship between business growth

rate sources; 6) laying the groundwork for a big market; and . TR .
7) engaging senior management Champions_ and Innovation is W|de|y underStOOd by executives tOday, thankS

. . . . . in part to the writing of a number of consultants and business
Index Terms—Breakthrough innovation, discontinuous innova- P 9

tion, innovation, project management, radical innovation, transi- scholars [5], [8], [24]. Discontinuous innovation transforms
tion management. the relationship between customers and suppliers, restructures

marketplace economics, displaces current products, and often
creates entirely new product categories.
|. INTRODUCTION In an earlier paper, we discussed in detail the kinds of uncer-
URING the 1980s, U.S. and European firms were compdginties and discontinuities that characterize the discontinuous
itively challenged by Asian firms in many industries, e.ginnovation lifecycle [19]. If unresolved, these can delay or stop
memory chips, office and factory automation, consumer eleifie movement of the technology toward the market. In initial
tronics, and auto making [17]. In response, U.S. firms increasiderviews, our respondents indicated their belief that progress
their competencies in managing the development of incremerttalld be assessed in terms of reduction of uncertainty and suc-
innovation in existing products and processes, with an emphag#ss in bridging project discontinuities. Even though progress
on cost competitiveness and quality improvements [1], [14]. ERaight be uneven, the achievement of project maturity, i.e., readi-
tensive study of incremental innovation by both business mamess for transition to operations, would be marked by elimi-
agers and academics led to a variety of prescriptions, includingtion of most or all uncertainties. Our respondents assumed
quality function deployment, concurrent engineering, reducéaat—once the project was sufficiently mature—the receiving
cycle time, just-in-time inventory management, and stage gaerating unit would be able to employ tried and true project
product development control systems. These prescriptions havenagement techniques, such as the well-recognized stage-gate
been widely adopted and have helped many American compaistem [4], and complete the transition.
nies regain their competitive positions in the world marketplace. Contrary to expectations, this was not the case. By tracking
The attention of managers to incremental innovation, howfojects in our study through their transition phase, we iden-
ever, came at a price. It diminished the focus and capacitytiffed a set of transition activities—required to complete the
many companies to engage in truly discontinuous innovatio®solution of uncertainties—that neither innovation teams
nor program managers in operating units were prepared
to handle. Given the lack of preparedness for recognizing
Manuscript received November 24, 2000; revised January 22, 2002. R‘?‘(i%]Wd managing, these remaining uncertainties set against the
of this manuscript was arranged by Special Issue Editors S. K. Kassicie . . . . .
B. A. Kirchhoff, and S. T. Walsh. pressure to stop investing in development and quickly begin
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Fig. 1. Project uncertainties: discontinuous versus incremental innovation.

projects experience during transition to operations and to defindn an earlier paper [19], we observed that discontinuous
propositions related to improving the effectiveness of managimgnovation teams often failed to recognize and anticipate
the transition process. organizational and resource uncertainties. Approaches to
organizational and resource issues related to discontinuous
innovation projects were markedly different from familiar,

Il. LITERATURE REVIEW standard approaches implemented in continuous improvement

(or incremental innovation) product development projects.
Souderet al.[23], and Lynn and Akgun [14], among otherseqijyre to recognize and address organizational and resource
have focused on technical and market uncertainty to define the-erainties triggered project discontinuities or resulted in
spectrum of innovation, as indicated in Fig. 1. The tradition@|o,, or inadequate responses to discontinuities, resulting in
domain of discontinuous innovation is marked by hlghtechnlch.htS that diminished corporate support for the projects. These

and market uncertainty, whereas incremental innovations typjis diminish the likelihood of project survival and success
cally are placed in the cell where technical and market unces).

tainty are relatively low. In our identification of the challenges associated with man-

Technical uncertainties include the completeness and corregling the transition from project to operations, we started from
ness of the underlying scientific knowledge, the extent to whigRe yncertainty framework embodying the four categories of un-
the technical specifications of the product can be implementegytainty: technical, market, organizational, and resource. In our
the reliability of the manufacturing processes, maintainabilityje\y, a comprehensive understanding of the uncertainty frame-
and so forth. Market uncertainties include the degree to whigh presented in this paper will allow project teams to develop
customer ne_eds and wgnts are clear _and we.II understood,(.;hbeystemaﬂC approach to identifying and responding to man-
extent to which conventional forms of interaction between thgyeria| challenges associated with transition, both those that are

customer and the product can be used, the appropriatenesgfarent at the start of transition and those that emerge as the
conventional methods of sales and distribution, and the prOJ%%ject team moves through the transition process.
team’s understanding of the relationship of the discontinuous

innovation to competitors’ products. Discontinuous innovation Il. RESEARCHDESIGN
projects involve high levels of both categories of uncertainty. ) )

As we delved into the longitudinal data on our projects, w@- Multiple Comparison Case Study Methodology
discovered that the traditional>X22 matrix based on technical The research reported in this paper is part of a six-year
and market uncertainty was inadequate for capturing t(E995-2000) prospective study of management practices em-
complex, dynamic, and shifting mosaic of uncertainties waoyed in large firms in the development and commercialization
observed. The project teams not only had to contend witih discontinuous innovations. The research project employs a
technical and market uncertainty, but also with two other multiple case study methodology. Case study research involves
categories of uncertaintyarganizationaland resourceuncer- the examination of a phenomenon in its natural setting. The
tainty. These two additional categories of uncertainty hawase study method is especially appropriate for research in
been recognized in the innovation literature. The uncertaintiesw topic areas, with a focus on “how” or “why” questions
related to organizational context stemmed from a fundamentaincerning a contemporary set of events [7]. The research
conflict between the mainstream organization and the umi¢sign can involve single or multiple cases. Multiple cases
engaged in radical innovation, and the difficulty of managingre generally regarded as more robust, providing the observa-
the relationship between them [3], [5], [6], [13]. Engaging ition and analysis of a phenomenon in several settings. Case
resource acquisition was also an ongoing source of uncertaistydy research that employs multiple cases should follow a
for discontinuous innovation project teams [6]. replication logic [26]. The complexity of case study research
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Participating Firm
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Nortel Networks
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United Technologies (Otis Elevator)

Bi-Directional Elevator

Polaroid

Memory Storage Device

Texas Instruments

Digital Micro Mirror Display Device

Fig. 2. Participating firms and their innovations.

and the high level of interpretation that is necessary create @n Field Study Data Collection
advantage for the use of research teams. Multiple investigators: 51, company hosted a minimum of two site visits and

can bring a variety of experience and complementary insighfsnted access to senior managers, project mangers, and project
to the research. A mix of different perspectives can increage,m members, who provided both historic and current infor-
the likelihood of discovering novel insights. Convergence Qfiation and insights to address the research questions developed
opinions from various researchers can enhance confidencg,{fyhe research team. Interviewees were not randomly selected,
the findings and conflicting views can keep the research frofy; rather were identified by our company liaison to ensure
premature plgsgrg (see [7]). ) the breadth and depth of knowledge necessary to address our
Our multidisciplinary research team consisted of seven fagyestions and to provide a diversity of perspectives about the
uIty'and several Ph.D. students representing organizational BEVelopment process. Using multiple interviewees reduces
havior, R&D management, marketing, operations and manuf@fe risk of a biased perspective that can arise if only a single

turing management, engineering, industrial design, strategy, 3vidual is interviewed and permits a more complete picture
entrepreneurship. This research team composition is desigRed. - project [7], [26].

to provide a cross-disciplinary interactive examination of the a4 collection occurred in three phases. In Phase |, initial

process of discontinuous innovation. interviews were typically conducted on site with one or two
members of the project team, e.g., the R&D manager and/or
the project manager. Our team conveyed the nature of the re-
search effort, and the company representatives conveyed the na-

The firms participating in this study were members of the Ifitire of the project, with a mutual objective of ensuring that the
dustrial Research Institute (IRI), a professional association Rffoject met our criteria. An oral history of the project’s origins
the senior R&D/technok)gy managers of Fortune 500 Comp%pd Chronology to date was collected. The Phase | interviews
nies. The participating firms and their innovations are listed Miere taped and transcribed to provide a basis for preparation
Fig. 2. for Phase I

The projects, selected by the nominating R&D manager, metln Phase I, a significant subset of the members of our re-
one or more of the following criteria established through extef€arch team (ranging from three to eight members of the team)

sive discussion among the members of the research team g@@ducted an all-day site visit at each company. Through con-
IRI: sultation with our company liaison prior to the site visit, we de-

eloped a list of interviewees who were best suited to address

r research questions and arranged an interview schedule. Each
company representative participated in multiple interviews with
several subgroups of the total research team.

In Phase I, we conducted follow-up interviews via confer-
ence call connecting each discontinuous innovation project team
The project had to be formally established, with personnel ad our research team. The interview protocol developed and
signed to the project team and with a budget. We gathered cosed for Phase lll, through which the insights offered in this
textual information at the firm level, but the project was the unfiaper were uncovered, is provided in Appendix 1. Again all in-
of analysis. Although the relatively maturity of the projects iterviews were taped and transcribed. Thus, the data is primarily
our sample varied, all were far from commercialization at thgrospective in nature, to guard against the retroactive rational-
beginning of our longitudinal study. ization that challenges the qualitative research process.

B. Field Study Sample Selection

* new to the world performance features (i.e., fundamental
a new product or service);

« five- to ten-fold (or greater) improvement in known per
formance features;

» 30% to 50% (or greater) reduction in cost.
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D. Data Analysis technical and market development of a discontinuous innova-
tion, given the uncertainty regarding timing and magnitude of

Qualitative analysis requires a different approach from U3fKe eventual revenue stream. Likewise, R&D is not prepared

titative analysis because the data is mainly textual and descyp-cer the pusiness development costs associated with the

tive. T9 uncover and examine key variables and/or pattern_stp nsition. Hence, there is continuing uncertainty about sources
behavior arising from our data, we used the approach outI|n8 project funding

by Yin [26]. The cross case or multicase method enables an un-

derstanding of the phenomena beyond each individual firm con—BaS_eOl on our observations, we |de_nt_|f|ed technical, marke_t,
text and increases generalizability. organizational, and resource uncertainties related to managing

In our review of the transcripts, segments that related to tmee trt§n3|t|?nt p(;obcelss, VVVVh'Ch ;/ve:[hc?ptured n;ttr?etform of ;en
research questions addressed in this paper were highlighted Angstions, listed below. Vve note Ihat seven of Ine ten questions

collected on summary sheets for each project by multiple projég{ated to managing the transition include organizational and

members. The summary sheets were then compared and a gq%qurce dimensions.

gated, and observations were expressed and discussed by alll) Are technical specifications set and manufacturing is-

authors, to identify commonalities and dissimilarities. Obser- sues resolved? (technical uncertainty)

vations and emerging themes expressed as uncertainties were2) Do expectations about market development match re-

cross checked with other researchers on our team. Our observa-  ality? (market uncertainty)

tions related to the four categories of uncertainties are captured 3) How will applications and markets unfold? (market un-

in tabular format. Because of the lack of a frame of reference certainty)

that would allow our respondents to assess degree of difficulty 4) How do manufacturing challenges impact market entry

associated with addressing particular types of uncertainty, our objectives? (market and organizational uncertainty)

observations are represented as a binary (yes/no) variable. 5) How should the business model be finalized? (market
and organizational uncertainty)

6) What is the right operating home for the discontinuous
innovation? (organizational uncertainty)

7) How should the expectations of the receiving operating
unit related to the transition be addressed? (organiza-
tional uncertainty)

8) How can the organization structure/process gap between
the project team and the receiving operating unit be
bridged? (organizational uncertainty)

9) Who should be assigned to participate in transitioning
the project to operations? (organizational uncertainty)

10) How can funding be sustained during the transition? (re-
source uncertainty)

IV. DISCUSSION OFRESULTS

In an ideal world (at least from the perspective of the per-
sonnel in the receiving operating unit) the discontinuous inno-
vation project team would hand over a fully specified, tested
and ready-to-manufacture product, with a manufacturing line
ready to go, and a set of customers ready and willing to order
the innovative new product. This would allow the operating
unit to ramp up manufacturing and sell to proven customers,
thereby significantly increasing its revenues and maintaining or
even improving profitability. For the project team, this orienta-
tion translates into the need to not only resolve technical unchese questions were generated through review by the authors
tainties—with which they are familiar as R&D scientists—bubf the interview transcripts related to the interview protocol pro-
also the need to resolve market uncertainties, find a customgfed in Appendix I. The review was focused on the managerial
base, and demonstrate market acceptance in order for the opR&ilenges associated with the transition process—reported by
ating unit to accept the project. This latter expectation takes thgr respondents—which in turn was used to create the list of
project team into unfamiliar territory. Generally, project teamg@n questions that should be addressed as part of transition man-
would prefer that operating unit personnel take on this worigement. We then utilized the tabular format in Fig. 3 to reach
allowing them to move on to another technically challengingonsensus about whether each project confronted one or more
project. of the uncertainties associated with each of the ten questions.

However, new products based on a discontinuous innovati®he figure also records the frequency of yes responses—both
are often sufficiently different from current products that powith respect to each question and with respect to each project.
tential customers need to be conditioned to the potential of theRegarding question 6, three of the eight projects listed in
innovation. Technical specifications that were adequate for ttiee table were not transferred into existing business units, but
prototype stage require substantial revisions as the new produstead formed new or spinout organizations. Among the five
is finalized for specific applications. In addition, manufacturingases for which the project was transferred into an existing busi-
ramp up is challenging when the process for producing thasess unit, in only two cases was there uncertainty about which
new products differs from current manufacturing processes. business unit would receive the project during transition. For all

Organizational and resource issues also present problestiser questions, the majority of the projects confronted one or
during transition. Partners who were significant contributorsore issues related to that particular question. In addition, we
during development may come up short during the final phaseate that all eight projects that reached transition experienced
In some cases there is uncertainty about where the project wificertainties associated with a majority of the ten questions.
find its ultimate home [2]. We also observed that the receivirtgence, we conclude that with the exception of question 6, these
operating unit is reluctant to divert resources to completirguestions have broad applicability. Below, we use our general
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Project Number (corresponds to Figure 2)

Question Freq
Number 1 2 3 4 5 7 9 12 of Yes
1 Y Y Y Y Y N N N 5/8
2 Y Y Y Y Y Y Y Y 8/8
3 Y Y Y Y N Y Y Y 7/8
4 Y Y Y N Y N N Y 5/8
5 Y Y Y Y Y Y Y Y 8/8
6 N N N Y N Y N N 2/8
7 Y N Y Y Y Y N N 5/8
8 N Y N Y Y Y Y Y 6/8
9 N Y Y Y N Y Y Y 6/8
10 Y Y Y Y Y Y Y Y 8/8
Freqof Yes | 7/10 8/10 8/10 9/10 7/10 8/10 6/10 7/10

Fig. 3. Occurrence and frequency of residual uncertainties during transition.

observations and specific case data to illuminate the naturewsdry. They may be uncertain about reliability, getting locked
the uncertainties embodied in each of the ten transition manto a proprietary technology, and/or the commitment of the

agement questions. innovating firm to provide customer support and to stay the
Transition Question 1:Are technical specifications set andcourse with the new product. Inevitably the sales and marketing
manufacturing issues resolved? process for a new product based on a discontinuous innovation

Identifying prospective customers willing to pay for the nevis more complex and time consuming than would be typical for
product or service based on the discontinuous innovation peot incremental innovation. It requires application development,
vides an impetus for the transition. During transition, technicalistomer education, and user training.
development often restarts or is redirected as a result of newnitial assumptions about target customers can prove false. By
learning from initial market entry and as the product is cugducating lead users about the technology and probing potential
tomized for specific application. Early adopters are often willingpplications, the project team learns from and about the market
to accept a prototype and work with the innovating firm to defin0]. The project team developing Nortel Networks’ internet
the form and function of the new product. However, during trasoftware rental technology applied the learning from its false
sition to operations—when the commercialization effort movesart to redirect its marketing efforts toward more promising po-
beyond early adopters and engages customers who believe tieegial customers. However, this delayed the financing it was
are buying a commercial product—these new commercial cisgeking and therefore lengthened the transition period.
tomers expect technical development to be fully completed. InTransition Question 3:How will applications and markets
the DuPont biodegradable polymer case, the marketing cammfold?
paign funded through corporate resources uncovered extensiv&€he process of market development is one in which the firm
interest among potential customers. New applications emergeat only learns about the market, but it helps the market learn
that required reformulation of the material and the developmeattout and understand the technology and its possibilities. Ev-
of new manufacturing processes. eryone would like to find a “killer application” capable of dom-

Likewise, manufacturing issues in prototyping are very difnating a mass market. But these kinds of applications often do
ferent from those that determine the success of ramp up. In tihd emerge in the early commercialization period of discon-
GE digital x-ray case discussed earlier, manufacturing of protiimuous innovations [12]. Probing and learning [15] continues
types was focused on getting a “klugey” but functional systethrough transition and even after the operating unit is up and
into use by early adopters. As in many other cases, we saw thaning with new products. To encourage market development,
completion of the transition process delayed because of unfoseveral project teams we studied moved to a strategy of early
seen complications in resolving technical uncertainties relateithe entry applications. IBM’s silicon germanium chip project
to achieving yields for the display technologies used in the nemas transitioned to the operating unit on the strength of initial

imaging system. customer enthusiasm within a set of identified applications. But
Transition Question 2:Do expectations about market devela year later it was still in the “project stage” within the oper-
opment match reality? ating unit, which continued to explore and develop market entry

In discontinuous projects, the time and financial investmeapplications. The original killer market had not materialized as
for market development are underestimated. Indeed, we founnackly as the project champion had expected.
that project teams understood the necessity for dedicating timeA similar situation occurred in that transition phase for Texas
and effort to deal with technical uncertainty in discontinuousistruments’ digital light processor project. After a number of
innovation. However, they were less aware of and prepared &pplication false starts, TI came to market with big screen pro-
the efforts required for market development. Because a prodjetttion systems for home entertainment centers. The $10 000
based on a discontinuous innovation represents a significanice tag made it unlikely that this would be a mass market ap-
departure from current products, customers are naturafiiication. However, Tl was confident that it would be able to
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grow the market based on this and several other applicatiarigin. Because Tl determined that its target customers were not
with modest market potential. Likewise, DuPont’s biodegragrepared to build the chip into their own devices, the company
able polymer project found no killer application in the earlglecided to provide the entire display engine in order to accel-
years of commercialization. Placing ads in technical journatsate adoption of the innovation. Once several applications were
and trade magazines was one method that DuPont used to leeeii established, Tl unbundled its innovation and provided the
about potential niche applications. That exercise resulted in ttare technology only to customers with superior capabilities for
identification of over 30 potential applications. During transidelivering other parts of the value chain. Suppliers of lenses,
tion, the product manager in the business unit targeted the ftnausings, and power sources emerged, and new applications de-
that seemed most promising. manded different specifications for those parts anyway. This re-
Discontinuous innovations often undergo “applicatiosulted in a shift away from the initial business model.
migration,” a term used to describe the cycle in which the firm Transition Question 6:What is the right operating home for
learns about the market, chooses an initial entry applicatidhe discontinuous innovation?
and continues to learn. Simultaneously, early adopters andsSelecting the appropriate location for the new operating busi-
lead users in other market domains become aware of thess is a critical decision. In the eight projects that reached tran-
innovation and inquire about adapting it for different usesition, we observed three options with respect to the receiving
This proliferation of application prospects allows the team tmperating unit: existing business unit, new business unit and
migrate toward the most promising early market opportunitiespinoff.
as happened in the DuPont case, and may eventually leadransition to an existing business unit the firm chooses
to the discovery of the killer application that is not initiallyto develop the new business internally, the most straightforward
obvious. Even in the GE digital x-ray project, for which thdransition is to an existing business unit. However, because of the
overarching application was clearly medical imaging, initiatosts and risks associated with these startup operations, often the
target applications emerged through market learning—adicontinuous innovation project is transferred into an existing
were not those originally anticipated to be primary targets. business unit, even if it requires a “force fit” against resistance
In fact, some discontinuous innovations have become majoom the business unit. The issue is typically a misfit between
commercial successes even though no major customers or mssneeds of the discontinuous innovation project and the busi-
market applications were identified initially [9], [11], [16]. Suc-ness unit's current capabilities in manufacturing, sales and mar-
cess in these cases resulted from serving many smaller markeiing, and distribution. The greater the misfit, the greater the
from a technological platform adapted to multiple applicationgiwvestment required for retraining personnel and modifying the
Transition Question 4:How do manufacturing challengesbusiness unit's operating systems. Unless there is a corporate
impact market entry objectives? commitment to support this process, with financial resources
Manufacturing strategies may also influence the developmertd an adjustment in performance metrics, there will likely be
of market entry strategy. In the Tl case, for example, the nessbistance from the business unit.
to reduce manufacturing yield problems required that the entryForce fitting a project into an existing SBU can have fatal
strategy focus on high-margin applications first, leaving massnsequences, as the existing SBU will either fail to give it full
market applications until later. In other cases, firms focused sapport or will attempt to drive it through its inappropriate sys-
large mass market applications to impose a dominant standths of distribution, financing, and performance review [2]. In
early on in the game, and paid the price in short term finapne of our case studies, the new business development manager
cial performance. Analog Devices, for example, took orders aneceived the go-ahead from corporate managementto initiate the
promised deliveries of its air bag actuators, the first product tmndoff to a business unit. When he contacted the head of the
be introduced based on its accelerometer chip, before its Aasiness unit, she asked where he had manufactured the pro-
celerometer manufacturing process provided reasonable yieldsypes. She was surprised to find out that the prototypes had
In the first several years of operation, the new operating unit wasen manufactured on her production line. Failure to identify
losing money but was gaining market recognition and growirthe receiving business unit earlier and to coordinate with that
sales. Its objective was to set a new standard for the industnanager caused substantial delays in the transition process for

allowing the market to learn about the technology. this project.
Transition Question 5:How should the business model be Establishing a new business unit to receive the proptten
finalized? the innovation is divergent from the firm's existing strategic

In our case studies, market development activities stimulatedmework, the innovation is amnrelated diversificatior22].
the market's evolving understanding of the innovation. Henc€his situation is exemplified by Polaroid’s development of a
the business model could not remain static. Those responsitslemory storage technology, an innovation that was far outside
for accomplishing the transition continued to develop and refitiee corporation’s strategic boundaries. Polaroid’s vision was to
it as the market evolved and as learning accumulated. transform the product structure of the company; hence, they es-
In some cases, the firm provided the market with a more comablished a new business unit and developed a strategic partner-
plete product than had been originally defined in the businesisip with another firm that was, and continues to be, a leader in
model. The objective was to help the market begin to usetlitat market space.
quickly [16]. Texas Instrument’s early decision to provide the Establishing a spinoff organization to receive the projéict
entire display engine (the DMD chip, the lens, the housing, tliee fit is poor and if the firm is unwilling to leverage the in-
power source) was not directed at capturing more of the valoevation to stretch its competency base, then the business will
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most likely be spun off [21], as occurred in the NetActive spinoteam or were reassigned. The mismatch between the skills and
from Nortel Networks. In this situation, the parent firm musinterests of the champion and the needs of the project as it moves
determine its relationship with the spinout firm. Are there conthrough the transition creates a human resource challenge. At
petitive issues related to access to technology? Will the spin drtalog Devices, the discontinuous project champion was not
firm be a key supplier? How can the parent company maximizélling to play the corporate politics required to mainstream the
the return on its investment in the discovery and developmeatcelerometer project and left the company. Often, individuals
of the discontinuous innovation? This is important not only wittvho play critical developmental roles in the project team do
respect to financial returns but also because of the impact—past have the skills or the sense of commitment required to be
itive or negative—on the firm’s efforts to extend its technicadffective during the transition.

capabilities and market experience. There is also significant danger of handing off responsibility

Transition Question 7:How should the expectations of theto a product manager in a business unit whose training, skill, and
receiving operating unit related to the transition be addressedfpectations relate to growing revenues and market share for

Applications are uncovered during a period of discovemstablished product lines. Typically, the manager has responsi-
in which the innovative firm educates the market even as thédity for multiple product lines. Both the product manager and
market educates the firm about possible applications. Tensidhe business unit are accustomed to basing performance evalua-
are heightened, however, when early promises of big marké&tm on short-term results. For discontinuous innovations, there
are not delivered immediately. Operating units are underoften a significant lag in market development. Hence, in the
pressure to create sales volume and ramp up market sharstast term managing the transition activities is a distraction from
quickly as possible after new products are introduced [5], [2Xhe other activities that produce the kind of measurable results
Entry strategies are typically built around maximizing thosepon which the product manager is judged.
objectives. Our projects presented a much broader set of objecin one of our case studies the initial transition manager did not
tives; hence, the entry strategy for a discontinuous innovatidadicate sufficient energy and attention to getting the discontin-
may be in conflict with the operating unit's expectationsuous innovation into the market and the project languished. A
Business unit managers have sales objectives to meet, andsteond manager from the business unit was assigned the transi-
trial and error required to find the right market entry point otion management task. Progress was still so slow that, in frus-
to build the business through many small niche applicatiotstion, the director of new business development—who was
typically makes rational business unit managers and th@idged by the results of the projects he transferred to the busi-
product managers uncomfortable. Managing the operatingss units—explored alternative transition management strate-
unit’'s expectations in this regard is critical. gies. Eventually the project was transferred back into R&D’s

Transition Question 8:How can the organization struc-new business development organization.
ture/process gap between the project team and the receivingransition Question 10:How can funding be sustained
operating unit be bridged? during the transition?

According to the chief scientist on GM's hybrid vehicle Operating units were typically reluctant to invest their
project, operating business units are not opposed to new idedseady stretched resources in getting discontinuous inno-
as long as they are new ideas that do not require the operatiagions to market. Without sufficient additional investment,
units to do much that is new. The receiving unit naturally wantamp-up engineering and development, market development
the uncertainty and risk reduced to the minimum, so thatanhd customer education were not accomplished expeditiously.
can focus on producing and selling the product, growing thete in the discontinuous innovation lifecycle, project teams
market, and generating increasing revenues and profits. were often unable to acquire the kinds of external funding,

In transition the activity is no longer a discontinuous innce.g., government R&D funding, that was available during
vation development project, but it is not yet an up-and-runniregarly development. Transition funding typically came from
operating business. Even when some or all of the project teamcombination of internal sources (corporate, R&D, new
can be transferred into the operating business, and even wheriiginess development organization, and business unit), or from
new or established operating business unit is ready to receiveéhernal partners. In the GE digital x-ray case, during transition
project, the organizational transition is beset with difficulties. Inrevenues were rapidly ramping up for the initial application, but
fact, in three of the case studies, the project was transferreddavelopment of secondary and tertiary applications continued.
a business unit and subsequently transferred back into R&D As a result, the project continued to receive substantial research
another case, the responsibility for the project was transferreshding from government agencies and ramp up support from
to a product manager in a business unit but the project cabentral Research and Development, the GE Medical Systems
tinued to engage R&D in transition activies for five years aftdsusiness unit and even from the CEQO'’s discretionary corporate
the transfer. It was clear that the companies in our study all heesources.
inadequate organizational structures and processes for driving he specific uncertainties that must be addressed if the tran-

the transition to completion quickly and efficiently. sition gap between the discontinuous innovation project and
Transition Question 9:Who should be assigned to particithe operating unit is to be successfully bridged are represented
pate in transitioning the project to operations? schematically in Fig. 4.

Difficulties with people and their expectations during project Based on the observations captured by the ten questions
transition are typical [2]. In seven of the eight projects in oumbove, we present seven proposition related to increasing
study that made it to transition, key personnel either left thedfectiveness in the transition process.
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- Ten
Discontinuous Transition Receiving
Innov_atlon Uncertainties —_— OperaFmg
Project Unit

Managerial
Interventions
(Seven Propositions)

Fig. 4. Model of the transition gap.

V. SEVEN PROPOSITIONS FORNCREASING EFFECTIVENESS OF succession process carefully. The discontinuous innovation
TRANSITION MANAGEMENT project manager may be reluctant to give up the leadership role,

. . : articularly since that individual had been the prime mover in
All of the questions discussed above reveal that managing 2rcoming multiple hurdles to get the project to this point.

transition from an innovation project to an operating businessAskey challenge for the firm is retaining the project manager

ne|t_her S'mp_'? nor easy. Resolving the remaining un_certamt\i:,ﬁose experience is invaluable for the ongoing discontinuous
during transition takes longer and requires greater 'nveStm?r'i“ovation activities of the firm. If the firm manages the

than anticipated. However, we propose that by defining a tr iccession well, the project manager will be retaiaad the
sition as a specific set of activities requiring special skills angl nsition team \;vill get the leader it needs

resources, companies can accelerate the transition process, ere operating unit should be as well represented on the tran-
duce the risk of failure, and improve the firm’s transition man-

agement competency. Below we offer seven propositions for isi}ion team as the discontinuous innovation project team. The
9 P Y- prop ggerating unit personnel will carry the knowledge base derived

creasing the effectiveness of transition management. We refefr the transition experience into the new business. Ideally, the

the project team and its home organization as the “sending urHlansition team should be headed by a manager with specific

angrgheogﬁz rr?t';g_rl:]ré't arf);hicgcfeol;”ggcl::regsfu|| com Ietintransition management skills and capabilities. Finally, people
P ) Prospe SIUTY COMPIEUNG, 1y have knowledge and experience in facilitating transitions
the transfer from the sending to the receiving unit will b%hould be recruited for the team

improved through the establishment of a transition team. Proposition 2: The prospects for successfully completing

Given our observations of the gaps in capabilities—withi{he transfer from the sending to the receiving unit will be

bc.)th.pr01ect teamg and operating umts—reqwr_gd for accoriﬂiproved through the establishment of a transition oversight
plishing the transition, we propose that a transition team, ap-

propriately assembled, will have a higher probability of success-

fully cqmpleting the trapsition. Our industry partners ObserVelﬁleither the receiving operating unit nor the R&D organization
t_hat th's recommendation had Fhe effect Of. creating two trangly spawned the project should take on this task. Instead, se-
tions in place of one—from project to transition team and frc"?1]ior management should create a separate oversight board for

transition team to operating unit. However, there was a willin ach transition effort, which can concentrate the power of senior

ness to acknowledg_e that itmight be_easierto bridge two smal Emagement supporters. It also provides a natural mechanism
gaps rather than trying to bridge a single, more daunting 9aor reviewing progress of the transition team and ensuring co-

Our observations lead us to suggest that a transition te%'g‘bration of the various stakeholders. As in all other situations,

should include three sets _Of |nd.|V|duaIsf: _ . the oversight board will only be effective with the right people,
* personnel from the discontinuous innovation project teafiose with the organizational clout to push the transition effort

Who should judge the performance of the transition team?

* personnel from the receiving operating unit; to a rapid and successful conclusion and with the knowledge of
* transition management experts, with experience agge dynamics of the transition process to know what needs to
training. happen_

Since a successful transition requires that the accumulatedhe performance of the transition team should be measured
learning of the innovation project team be brought to bedy standards that are different from those of the operating unit
key project team members should either be placed on thed different from those of the R&D based discontinuous in-
transition team or made available to serve as advisors. If thevation project team. Similarly, the transition team’s budget
project champion has been effective, he or she should plagl@ould not be provided by either R&D or by the operating unit.
key role, as leader if he or she has the right skills. If the projeEach of these two constituencies has a stake in the success of the
manager does not have the skill set required to manage transition, but each has biases and established operating modes
transition, senior management needs to manage the leadersip may compromise the effectiveness of the transition team.
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The transition team needs to aggressively continue “probe airde and resources and the opportunity to redirect based on
learn” activities to respond to the need for continuing learnirlgarning. Of course, it should also provide for a mechanism to
but does not have the luxury of a long time horizon befoddll the project if progress is limited or unacceptably slow.
coming to closure. It will be expected to move into operations Proposition 5: The prospects for successfully completing
mode, and thus must finalize products, business models, andthe- transfer from the sending to the receiving unit will be
lection of applications in order to establish a foundation for geimproved if transition funding is committed from corporate
erating operating revenues. The more success it can demonstiedeurces.

in reaching closure in these decisions, the more likely it will be Unwillingness on the part of the receiving business unit to
permitted to explore emerging application opportunities. Thesemmit sufficient resources needed to realize the innovation’s
provide the foundation for maximizing the firm’s ultimate refull potential is a major threat to successful transition. In several
turn on investment. Transition management and transition oveases, we observed tension between a parent company’s desire
sight require an intense and demanding balancing act reflectingeach breakeven as soon as possible and the desire of its new
the need to accelerate to closure while simultaneously pursuirenture to continue expansion and experimentation with new
new opportunities. applications. The parent company risks stunting the growth of

Proposition 3: The prospects for successfully completinghe venture by focusing on exploitation of existing applications
the transfer from the sending to the receiving unit will b& order to achieve near-term profitability. Alternatively, it can
improved if the sending and receiving units engage in amoose to support the growth of the venture via exploration of
assessment of transition readiness. new application arenas, with all the accompanying uncertainty.

This involves information sharing and negotiation betweegBontinuing down the latter path requires continued senior man-
the project team and the receiving operating unit. The two sidegement attention and financial investment to sustain the tran-
can determine how much progress the project team will mak#ion effort. Recognizing this, some companies (e.g., Air Prod-
and how much progress the receiving team will require. Witlcts, DuPont, and GE) have continued to support the activity
this mutual understanding, the transition tasks can be identifieith R&D funds and/or personnel during the transition. In the
and the resources and competencies required for completingdigtal X-ray case, GE corporate R&D supported the project
transition can be defined. with 50 people even after the project was officially handed over

On the one hand, if the project team resolves as many un-the receiving operating unit, GE Medical Systems. And as
certainties as possible and the operating unit develops an effeescribed earlier, funding continues to be provided out of the
tive “early receiving” capacity, then the gap will be minimizeddiscretionary budget of the CEO. Senior management must en-
However, to the extent that either side lacks the skills or coraure that corporate funding provided via funding separate from
mitment to transition management, they may engage in acti@ifocations to business units, whether through the R&D unit
ties ineffectively and increase the likelihood that the project witir from general corporate funds, is available to complete the
flounder. The outcome of this exercise is likely to be better artiansition.
more useful—and the process of producing it more efficient—if Proposition 6: The prospects for successfully completing
a third party takes the lead in conducting the assessment, stheh transfer from the sending to the receiving unit will be
as personnel who have been trained and are experienced in tiamproved if the transition team lays the groundwork for a big
sition management. market.

The results of a three-year collaboration between the authord he ultimate goal of any project of discontinuous innovation
and a committee of the Industrial Research Institute aimed at deea “killer” business. From a market development perspective,
veloping a transition readiness assessment instrument and pinat goal can be reached along several alternative paths, ranging
cedure are reported in O’Conner al.[18]. from pursuit of a killer application to building revenues through

Proposition 4: The prospects for successfully completingnany niche applications.
the transfer from the sending to the receiving unit will be Even where there is a single large potential market—e.g.,
improved if the transition team develops a detailed transitidhe telecommunications applications of IBM’s silicon germa-
plan. nium technology—it may not be easy to break into it. The best

The first task of the transition team should be to completrategy is often the pursuit of many small applications, at least
a detailed transition plan. Most of the information for the plamitially. Taking this approach helps educate potential users re-
should be available in the project team’s knowledge base agarding the potential of the technology and thereby helps lay the
from the readiness assessment exercise. This plan shouldgteundwork for major new markets.
fine the tasks, a timetable, roles, and responsibilities of teamit is difficult, but critically important, to set realistic expecta-
members. tions about the likely evolution of the market. There will con-

The transition plan should guide the efforts of the team anithue to be dead ends and unexpected opportunities, as well as
provide a yardstick for measuring progress. However, becaube applications that work out as expected. Unless there is flex-
the nature of transition management is significantly differeitility in the ramp up of the new business, there is a risk the
from traditional project management, we caution against tfiem will shelve the project rather than continue to invest in the
assumption that tried and true project management practicearket development activity required to reap the benefits that
can be applied. Since the transition will inevitably involvehe innovation offers. Requiring new businesses based on dis-
confronting residual uncertainties—some of which will onlygontinuous innovations to meet high hurdle rates too soon may
emerge during the transition—the plan needs to provide slakik them before they have time to develop and mature.
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Proposition 7: The prospects for successfully completing APPENDIX
the transfer from the sending to the receiving unit will be IMQUESTIONS FORFOLLOW UP INTERVIEWS WITH COMPANIES IN
proved if senior management champions of the transition effort THE MANAGING DISCONTINUOUSINNOVATION PROJECT
are identified, recruited, and charged with the responsibility of ) ) )
completing the transition successfully. What has changed since our last discussion?

The leadership of the firm—senior corporate management, « What have been the macro changes in your company?
the chief technology officer, the R&D Director, and the re- < In your industry?
ceiving business unit managers—need to give the transition ¢ In your target market?
process a high priority if it is to be successful. Typically dis- \anufacturing:
continuous innovation projects do not reach the transition phase
without a “push” from senior technical managers. The proba-
bility of transition success is enhanced if there is also “pull”
from the receiving business unit. All the R&D managers we )
interviewed stressed the importance of having two championsPesign:
one within the receiving business unit and another at a high « Have design personnel become involved in the project and
corporate level. As exemplified by the GE case, in which the in what ways?
new head of the medical systems business unit enthusiasticallye Have design issues come into play and how?
supported digital X-ray project, the transition is most likely gy5jyation:
to succeed when a champion is found within in the receiving
unit. This individual creates business unit pull by articulating
the value of the project to the future of the unit. A discontin-
uous innovation project also needs backing at or near the togorganizational Issues:
of corporate leadership. The authority of the senior sponsor « Has the organizational structure of the project changed? If
safeguards the project against the intentional or unintentional so, how?
sources of resistance. Identification of a senior managements Has the relationship between the project and the company
transition champion is critical for successful transition of adis-  changed? If so, how?

e Have manufacturing personnel become involved in the
project and in what ways?
« Have manufacturing issues come into play and how?

« How has the progress of the project been evaluated?
« How have members of the team been evaluated?

continuous innovation project to operations. « How has the relationship between the project and the com-
pany affected the progress of the project—positively and
negatively?
VI. CONCLUSION Technical progress:

* Successes and failures?

Atthe outset of our study, our respondents indicated that they . How close are you to having a product ready for market?
expected that the multiplicity of uncertainties besetting a dis- Market:
continuous innovation project would be sufficiently reduced by | o ) ) )
the time of handoff of the project to the operating unit that the * What are the market uncertainties facing you at this point
transition could be accomplished with minimal difficulty. How- N the project? What questions are you trying to get an-
ever, the reality was much more difficult than initially envi- swered now? i i
sioned. The transitions of all projects were more complicated How are you gettlng those qgestlons answered? What pro-
and took longer than anticipated, for a variety of reasons: diffi- cehs':sFe]s are you '“r']s',r:g? Which have been successful and
culties with key external partners, significant changes among whic ant' and why’ ializati h broiect?
project champions, the necessity for much greater follow on * Howclose are you to commercialization, on eac proleqt.
; . o * What are the issues that you are dealing with now in
investment thgn expegted, restruptunng or rfadlrecnon by cor- thinking about commercialization?
porate or business unit leadership. In fact, in three cases the, How confident are you that your understanding of the
project was transferred to an operating unit and subsequently

) ’ market is clear and correct?
was transferred back to the new business development organi-, What new knowledge have you gained about markets for
zation within R&D, reverting to the status of discontinuous in-

_ ] ) Jus T products that will be derived from your innovation(s) as-
novation project. This research effort has uncovered critical is-  ggciated with this project in the past year?

sues that must be addressed to successfully and expeditiousl% \who has been conducting the market related activities and
complete the transition of a discontinuous innovation projectto  \what activities has each been doing?
operating status.

We have offered suggestions—in the form of proposi-
tions—for improving the effectiveness of transition manage-
ment, based on the observation of firms confronting transition
challenges. Future research may be directed toward testingchampions:
the effectiveness of these recommendations and uncoverings Has the cast of characters changed?
additional challenges and solutions related to managing the s How has their involvement in the project changed? How
transition. have their roles changed?

The team:

* Who has left and who has joined and why?
* What roles are each member of the team playing?
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» What characteristics of your past (and/or new) champion§0] E. Roberts and C. Berry, “Entering new businesses: Selecting strategies

have been important in achieving their impact on the
project?
Financing:

* How has the financing of the project been accomplishetg22
[23]

during the past year?
Decision making:
« What key milestones were reached during the past year?
« How was progress evaluated and decisions made?
« Who was involved in the decision making?
* What new issues have emerged?
Alliances:
« What internal alliances have played an important role in
the project? In what ways? Positively and negatively?
» What external alliances have played an important role in
the project? In what ways? Positively and negatively?

(21]

(25]
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