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Abstract.

What is radical innovation and how has radical ratmns literature been
reflected over time? There is a surprising deafthiterature examining radical
innovations, yet, a common definition in either atative or qualitative terms has
yet to emerge. This paper reviews the radical iation literature and suggests the
potentially missing area of research, namely theowdadge Filter. The paper
furthermore offers a set of measure indicators d@teminine the extent of radical
innovation, in bothex ante andex post analysis using the Dahlin-Behrens model of
radical identification as a means to identify raflionovations.
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“Two types of inventive effort are not as inhergrglubstitute activities as they may
appear to be. Rather, there has been a predid¢eafilency toward specialization, with
the entrepreneurs providing the more heterodoxakbiheough innovations, and the
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R&D establishments of the larger firms creating thahancements to those
breakthroughs that contribute considerably to thesefulness. These “Goliath”
innovators have not eliminated the role of the eprgneurial “Davids.” Instead, the
two have tended to specialize and, together, tlese lenhanced the process beyond
what either type of innovator might have been a&blachieve by itself.”

William Baumol, P.28

1. Introduction

Since the 1970s the concept of radical innovatioedonomic theory as a
driving force of economic growth. Yet, the termelfsoffers a plethora of concepts
and definitions which can be vexing to policy makemnd scholars hoping to
identify ex ante radical innovations to expedite and facilitatevgita Building a
universal and compelling concept and methodologytiflying radical innovation
remains elusive and problematic for scholars foesd reasons. First, terminology
of the definition has varied from: really new, tae&kthrough innovation,
discontinuous, generational and finally radicalowation. The differing etymology
is, in part, due to the differing fields of resdatbat study radical innovation. The
differing terms each carry the spirit of what radiecnnovation creates, yet are
unable to provide a unifying foundation for distinghing radical innovation.

Second, which represents an even more troublesomblem, is the
difficulty to quantify or recognize what actuallprstitutes a radical innovatiaex
ante. This problem is the famous “I know it when | s€eissue. Traditionally,
policy makers and scholars are unable to identd#gcent radical innovatiorex
ante. For example, how many policy makers were abladentify the radical

innovations and consequent economic growth thatddaft, the digital camera, or
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Google delivered to economies? Given the difficulby indentifyin these
innovationsex ante, how can one aggregate radical innovations’ cbation to
economic growth for a region or country? For tlgason, most scholars leave the
definition abstract and instead have focused tlesiearch on the concept and ¢ie
post impact of singular fields of radial innovative iady.

The interim report will define innovation and gieebrief description and
distinction between radical innovation and incretabimnovative activity in the
second section. The third section applies the Bbaldnd Behrens (2005)
heterogeneous classifications of radical innovatiom the literature. The
classifications identify the differing forms radidanovation is engendered in the
literature. The fourth section offers conclusionsl &uggestions to identify radical

innovationsex ante in a uniform manner..

2. Origins of Radical Innovation

The concept of innovation, at least implicitly, estbhack at least to Joseph
Schumpeter's seminal 1934 treatisiBheory of Economic Development; and
Inquiry into Profits, Capital, Credit, Interest and the Business. His term, the
“process of creative destruction”, conceptually altérally began a radical
revolution in economic theory and commercial o@ion. Indeed, the process as
Schumpeter argued, was one where large firms westayed by the entrepreneur
who seizes commercial opportunities from inventorEntrepreneurs enter the

market with such commercial competitive advantage® to their potential
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innovations that they can not only compete, bustds/” incumbent firms and their
respective economies to scale due to the entreprensuperior innovation.
Schumpeter’s work on creative destruction credtesdundation for innovation.

As McCraw (2007) points out, at the center of Scpeter's intellectual
contribution was a focus on innovation. Schumpeatesre than any of the great
economists before him, viewed innovation as theimlyi force of progress and
development. But Schumpeter also emphasized thadvation, and therefore
economic progress, comes at a price — creativeuddisin. Just as the factory wiped
out the blacksmith shop and the car supersedetidie® and buggy, incumbents
will be displaced by innovating entrepreneurs. M&Craw (2007, p. 6) concludes,
“He knew that creative destruction fosters econommowth but also that it
undercuts cherished human values. He saw that fyovengs misery but also that
prosperity cannot assure peace of mind.”

However, Schumpeter did not distinguish explicithetween radical
innovation and other types of innovative activityhile one may infer that
Schumpeter's creative destruction replaces old ni@dgies and expands new
commercial opportunities, the concept of radicalowation must refer to a much

more specific type of innovation which is traditadly identified inex post analysis.

Along with Schumpeter, many other scholars appdegost identification
of radical innovations for their empirical investmpn. This method, however,
creates several problems for both scholars as agelbolicy makers. As will be
shown below in more detail, thex post identification causes two problems. First in

a practical and pragmatic sense, one would ideaiy to identify an emerging
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radical innovation in an early and incipient stageorder to expedite commercial
entry into the market. Secondly and more imponjantle studies based @s post

analysis have inherent methodological problems.oAdiag to Dahlin and Behrens
(2005, p.718), “basing identification of radicalv@mtions on market success by
only including innovations in a study, for instapnggnoring inventions that never
reach the market, creates a selection bias; indeelsihologies might be radical in a
technological sense without having significant nearkmpact, since the market

impact of a technology is affected by many non-tedbgical conditions.”

2.1 Descriptive Sources of Firm Size and RadicabWtations

“What Skype is doing is like a toy. They will rézé they can’t
scale it, they don’t have a brand like the AT&T flaand they
don’t have the local footprint, which we have. ifging to be

very hard to compete with someone like AT&T.”

SourceHossein Eslambolchi, AT&T's CTO and president of
AT&T labs. As quoted from Rao et al. P. 182

First, in order to understand where radical inniovet originate from, we
will offer a brief descriptive summary on who hadidered radical innovations. To
better understand how heterogeneous the sourcesf aeglical innovations. We
will offer a quick exercise in some exemplary laft where radical innovations

originate from.

We offer three areas of where radical innovationgimate from small firms

and Large Firms
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Small Firm Entrepreneurship

As one can clearly see from Table 1, taken fromnBais 2004 working
paper in NBER, the example list radical innovatiahdivered by small firm
entrepreneurs up until 1995 is highly substanSatce 1995, multiple new pistons
of economies have emerge. Some pistons are form&amformation technology
(e.g. Microsoft, Dell, Skype, or Ebay), and Renel@d®esource technology (hybrid
motor, wind technology), have since been placetherimpressive list. While there
is no empirical investigation of how the radicattirologies were developed, one

canex post immediately appreciate their value added to ecoesm

Table 1 Example List of Radical Innovations from&infrirm Entrepreneurs

Air Conditioning Heart Valve Prestressed Concrete
Air Passenger Service Heat Sensor Prefabricatedikigu
Airplane Helicopter Pressure Sensitive Tape
Articulated Tractor Chassis High Resolution CAT @war | Programmable Computer
Cellophane Atrtificial Skin High Resolution DigitXtRay | Quick-Frozen Food
Assembly Line High Resolution X-Ray Reading Machine
Microscope
Audio Tape Recorder Human Growth Hormone Rotarydmiling Bit
Bakelite Hydraulic Brake Safety Razor
Biomagnetic Imaging Integrated Circuit Six-Axis RArm
Biosynthetic Insulin Kidney Stone Laser Soft Cohtaens
Catalytic Petroleum Cracking Large Computer Soli¢lIFRocket Engine
Computerized Blood Pressure| Link Trainer Stereoscopic Map Scanner
Controller
Continuous Casting Microprocessor Strain Gauge
Cotton Picker Nuclear Magnetic Resonance Strobe Lights
Scanner
Defibrillator Optical Scanner Supercomputer
DNA Fingerprinting Oral Contraceptives Two-Armed blie Robot
Double-Knit Fabric Outboard Engine Vacuum Tube

Interim Report to FOR A, Audretsch and Aldridge 7



Electronic Spreadsheet Overnight National Delivery| Variable Output Transformer

Freewing Aircraft Pacemaker

Vascular Lesion Laser

FM Radio Personal Computer Xerography

Front-End Loader Photo Typesetting X-Ray Telescope

Geodesic Dome Polaroid Camera Zipper

Gyrocompass Portable Computer Blackerry

Source: Baumol (2004)

Large FirmInnovation

Yet, the origins of radical innovations are morenptex than the tradition
belief of inventors in a garage coming up with avridea. There are many cases
where large and successful corporation have indgexkloped, implemented and
profited from inhouse radical innovations For exénNokia and the cell phone,
Kodak and the digital camera, Apple Computers dmel phone). Indeed, as
Chandy and Tellis show in Table 2, there is a ldigld of radical innovation where

large firms have invented and delivered produ¢h&omarket.

Table 2 Example List of Radical Innovations FrommdeaFirms:

AM radio Wireless Telegraph and Signal Co.
Analog answering machine American Telegraphone Co.
Analog quartz watch Seiko

Black-and-white celluloid roll camera Eastman DigtP & Film Co.
Camcorder Sony

Cassette tape player Phillips

Compact disc player Phillips and Sony

Cellular telephone Motorola

Digital answering machine Sharp

Digital camera Sony

Digital high-definition television Panasonic

Digital video disc (DVD) player Toshiba

Disposable shaver Bic Corp.

Electric blanket General Electric

Electronic Color Teleision RCA

Electronic desktop calculator Sharp

Laptop Computer Tandy Corp. (Radioshack)
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Laser disk player Phillips
Laser Printer IBM
Microwave Raytheon
Mini-disc player Sony
Palm computer Amstrad

Source: Chandy and Tellis (2000)

2.2 Characteristics of Radical Innovation vis-admisremental Innovation

Dahlin and Behrens (2005) explicitly link the extémwhich annvention is
radical in terms of the nature of the ideas upornclwitthe innovative activity is
based, and in particular the extent to which theowative activity involves
information which is codified, or knowledge, which inherently tacit in nature.
Information refers to facts that can be codifiedl amhere the valuation across
different agents, or employees and layers of dewisaking bureaucracy within
the organization is relatively constant. Innovatigetivity based on economic
information tends to be incremental in nature, hattit generally involves an
organizational consensus about the potential vahat impact of the innovation.
Thus, incremental innovation tends to be suppo#diveé enhancing of the status quo

organization.

By contrast, radical innovation is based on knogéthvolving tacit ideas
that not only defy codification, but also whose mmmic value remains highly

uncertain and asymmetric and tends to generatealaidinovations. The expected
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value of any new idea is highly uncertain, and &dawuch greater variance than
would be associated with innovative activity basadnformation.. When it comes
to radical innovation, there is uncertainty abotiether the new productor service
can be produced, how it can be produced, and whsttiicient demand for that

visualized new product or service might actuallytenalize (Arrow, 1962).

In addition, new ideas constituting tacit knowledge typically associated
with considerable asymmetries. For example, in otdesvaluate a proposed new
idea concerning a new biotechnology product, thasten maker might not only
need to have a Ph.D in biotechnology, but also ecigpzation in the exact
scientific area. Differences in education, backgand experience can result in
divergences in the expected value of a new pra)edhe variance in outcomes
anticipated from pursuing that new idea, both ofchttan lead to divergences in
the recognition and evaluation of opportunitieswssn economic agents and
decision-making hierarchies. Such divergences enviduation of new ideas will
become even greater if the new idea is not comgigteh the core competence and
technological trajectory of the incumbent firm. Bhwadical innovation tends to be

disruptive to the status quo firm organization atrdtegy.

In fact, what actually constitutes a radical inrtova and distinguishes it
from an incremental innovation may depend upongilnestion being asked and the
perspective in which innovative activity is beingnsidered. Table 2 distinguishes
across a broad spectrum of perspectives yieldingesadat different views on what
distinguishes a radical innovation from an incretabmnovation. For example, in

terms of the time horizon, incremental innovatidesd to realize their impact
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within a shorter time period than do radical inrtamas. Similarly, the source and

process of idea generation and opportunity recmgnitaries between incremental

and radical innovation.

Table 3 Distinguishing Between Incremental and Baldnnovation

Focus
Time frame

Development Strategy

Idea generation and
opportunity recognition

Process

Business case

Players

Development Structure

Resources and skill
requirements

Operating unit involvement

Radical
Long ternsually 10
years plus
Discontinuous, iterative,
set-backs, high levels of
uncertainty

Incremental
Short term- 6 to 24 months

Step after step from
conception to
commercialization, high
levels of certainty
Continuous stream of
incremental improvement;
critical events largely
anticipated

Ideas often pop up

unexpectedly, and from
Unexpected sources, slach
tends to be required; focus
and purpose might change

Formal, established,
generally with stages and
gates

A complete business caseThe business case evolves

can be produced at the
outset, customer reaction
can be anticipated

over the course of the
development

A formal, structured
process might hinder

throughout the developme
and might change;
predicting customer
reaction is difficult

Can be assigned to a crossSkill areas required; key

functional team with clearly
assigned and understood
roles; skill emphasis is on
making things happen

placers may come and go;
finding the right skills often
relies on informal
networks; flexibility,
persistence and willingnes
to experiment are required

Typically, a cross-functiondlends to originate in R&D;

team operates within an
existing business unit

All skills and competences
necessary tend to be within
the project team; resource
allocation follows a
standardized process

Operating units are ined

tends to be driven by the
determination of one
individual who pursues it
wherever he or she is

It is difficult to predict skill
and competence
requirements; additional
expertise from outside
might be required; informa
networks; flexibility is
required

Involving operating units

[°2)
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from the beginning too early can again lead to
great ideas becoming small

Source: Stamm (2003)

3. Entrepreneurship, Radical Innovation and thevidadge Filter

An important and broadly accepted strand of liteatsuggests that small
and new firms will be at a competitive disadvantagegenerating innovative
activity in general and radical innovations in pardar. According to the Griliches
(1979) model of the knowledge production functimmovative activity is the direct
result of investments made by the firm in knowledgeuts, such as R&D and
human capital. Since larger firms generally undertsignificantly more investment
in R&D than do small and new firms, they would beected to generate more

innovative activity.

Since radical innovation generates more value tHaes incremental
innovation, some scholars have assumed and evesiopged elaborate theoretical
models explaining why large firms, which have larB&D departments will
generate more radical innovations than will small anew firms, which are
constrained by size in their ability to invest i&R (Cohen and Klepper, 1992a and

1992b).

Five factors favoring the innovative advantage afgé enterprises have
been identified in the literature. First is the wargent that innovative activity

requires a high fixed cost. As Comanor (1967) oleerR&D typically involves a
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"lumpy" process that yields scale economies. ShgilsGalbraith (1956, p. 87)
argues, "Because development is costly, it folltiweg it can be carried on only by

a firm that has the resources which are associatbdconsiderable size."

Second, only firms that are large enough to athileast temporary market
power will choose innovation as a means for maxatnin (Kamien and Schwartz,
1975). This is because the ability of firms to apiate the economic returns
accruing from R&D and other knowledge-generatingesiments is directly related
to the extent of that enterprise's market poweh@doand Klepper, 1990 and 1991;
Levin et al., 1985 and 1987; and Cohen et al., L98Rird, R&D is a risky
investment; small firms engaging in R&D make thelms® vulnerable by investing
a large proportion of their resources in a singlejget. However, their larger
counterparts can reduce the risk accompanying srav through diversification
into simultaneous research projects. The larger fg also more likely to find an
economic application of the uncertain outcomesltiegufrom innovative activity

(Nelson, 1959).

Fourth, scale economies in production may also ideogcope economies
for R&D. Scherer (1991) notes that economies oflesga promotion and in
distribution facilitate the penetration of new pucts, thus enabling larger firms to
enjoy a greater profit potential from innovatiomadly, an innovation yielding cost
reductions of a given percentage results in higefit margins for larger firms

than for smaller firms.
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There is also substantial evidence that technadbgitange -- or rather, one
aspect of technological change, R&D, is, in facsipively related to firm size. The
plethora of empirical studies relating R&D to figize is most thoroughly reviewed
in Acs and Audretsch (2003). The empirical eviderscgenerally consistent with

the hypotheses that large firms invest in propagtely more R&D.

Using a direct measure of innovative output from thS. Small Business
Administration's Innovation Data Base, Acs and Astisith (1990) shows that, in
fact, the most innovative U.S. firms are large oogpions. Further, the most
innovative American corporations also tended toehlavge R&D laboratories and
be R&D intensive. At first glance, these findingasbd on direct measures of
innovative activity seems to confirm the convendbwisdom. However, in the
most innovative four-digit standard industrial &ifisation (SIC) industries, large
firms, defined as enterprises with at least 500 leyges, contributed more
innovations in some instances, while in other indes small firms produced more
innovations. For example, in computers and procesgol instruments small firms
contributed the bulk of the innovations. By contras the pharmaceutical

preparation and aircraft industries the large fimese much more innovative.

Probably their best measure of innovative activstythe total innovation
rate, which is defined as the total number of irmimns per one thousand
employees in each industry. The large-firm innawatiate is defined as the number
of innovations made by firms with at least 500 esypks, divided by the number of

employees (thousands) in large firms. The smalt-fitnovation rate is analogously
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defined as the number of innovations contributedfibys with fewer than 500

employees, divided by the number of employees gaods) in small firms.

The innovation rates, or the number of innovatipaesthousand employees,
have the advantage in that they measure largesanadli-firm innovative activity
relative to the presence of large and small firmsny given industry. That is, in
making a direct comparison between large- and simadlinnovative activity, the
absolute number of innovations contributed by ldigas and small enterprises is
somewhat misleading, since these measures aretaratasdized by the relative
presence of large and small firms in each indust¥fien a direct comparison is
made between the innovative activity of large amalsfirms, the innovation rates
are presumably a more reliable measure of innowatitensity because they are
weighted by the relative presence of small andelaggterprises in any given
industry. Thus, while large firms in manufacturimgroduced 2,445 innovations ,
and small firms contributed slightly fewer, 1,9%4nall-firm employment was only
half as great as large-firm employment, yieldingaaerage small-firm innovation
rate in manufacturing of 0.309, compared to a Kirge innovation rate of 0.202

(Acs and Audretsch, 1988 and 1990).

What explains this innovation paradox, where snaatl new firms are
empirically found to generate more innovative attithan would have been
expected given their meager R&D resources? Thelutsso of this innovation
paradox lies again in considering both the nat@ilenowledge within the context of
the organizations creating that knowledge and ohe aof entrepreneurship, or what

Audretsch et al. (2006) term the knowledge spilidheory of entrepreneurship.
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As explained in the previous section, in the caseadical innovation, the
expected economic value of a new idea, or knowledgees significantly across
economic agents within any given organization awctss different layers of
decision makers. What seems like a good idea teoaeomic agent may not seem
so good to her boss or her boss’s boss. New itksawical or otherwise, are likely
to generate a divergence of assessments about plgential value. While
information involving incremental innovation tends converge to a singular
expected value across economic agents, by conmgtknowledge underlying
radical innovation can generate a divergence ineebgal values across diverse

economic agents.

Thus, because of the conditions inherent in radicabvation based on
knowledge — high uncertainty, asymmetries and &etiens cost — decision making
hierarchies can reach the decision not to pursdergrto commercialize new ideas
that individual economic agents, or groups or teafsconomic agents think are
potentially valuable and should be pursued. Theratheristics of knowledge
distinguishing it from information, a high degrefeuacertainty combined with non-
trivial asymmetries, combined with a broad spectrofminstitutions, rules and

regulations distinguish radical innovation fromr@mental innovation.

Thus, not all of the potential innovative activitgspecially radical
innovations created through scientific discoveriead inventions is fully
appropriated within the firm making the investmetatgreate that knowledge in the
first placee. Various constraints on the abilityafe firm to evaluate the value of

knowledge prevents it from fully exploiting the erent value of its knowledge
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assets (Moran and Ghoshal 1999). In fact, evidestuews that many large,
established companies find it difficult to take adiage of all the opportunities
emanating from their investment in scientific knedgde (Christenson and Overdorf
2000). For example, Xerox’s Palo Alto Research €eng$ a vivid example

highlighting a firm that succeeded in generatindasge number of scientific

breakthroughs (a superior personal computer, tbgifale machine, the Ethernet,
and the laser printer, among others), yet failedaimmercialize many of them and
develop them into innovations (Smith and Alexand®88; Chesbrough and

Rosenbloom 2002).

The knowledge conditions inherent in radical inntawa impose what
Audretsch et al. (2006) and Acs et al. (2004) teha knowledge filter. The
knowledge filter is the gap between knowledge thma$ a potential commercial
value and knowledge that is actually commercialiledhe form of innovative
activity. The greater is the knowledge filter, theore pronounced is the gap
between new knowledge and commercialized knowléadke form of innovative

activity.

An example of the knowledge filter confronting agla firm is provided by
the response of IBM to Bill Gates, who approachBMlin to see if it was
interested in purchasing the then struggling MiofbsThey weren’t interested.
IBM turned down, “the chance to buy ten percentafrosoft for a song in 1986, a
missed opportunity that would cost $3 billion toddyBM reached its decision on

the grounds that “neither Gates nor any of his bafnthirty some employees had

3 “System Error, The Economist, September 18, 1993, p. 99.
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anything approaching the credentials or personafaciteristics required to work at

|BM.” 4

Thus, the knowledge filter serves as a barrier oingginvestments in new
knowledge from being pursued and developed to géménnovative activity. The
knowledge filter can impede such knowledge investefrom resulting in
commercialized new products and/or processes.iresmases the firm will decide
against developing and commercializing the new ddesnmanating from its
knowledge investments, even if an employee, or g@uemployees, think have a
positive expected value. As explained above, therent conditions of uncertainty,
asymmetries and high transactions costs leadintpgcknowledge filter that can
result in a divergence in the expected value oéwa ea between the incumbent
firm or organization creating that knowledge andvarker, or economic agent

employed by the firm.

While Griliches’ model of the knowledge productitumction focuses on the
decision making context of the firm concerning istveents in new knowledge,
Audretsch (1995) proposed shifting the unit of gsial from the firm to the
individual knowledge worker (or group of knowledgmrkers). This shifted the
fundamental decision making unit of observatiorthe model of the knowledge
production function away from exogenously assumiedsf to individuals, such as
scientists, engineers or other knowledge workeagents with endowments of new

economic knowledge. Shifting the lens away fromfitha to the individual as the

* Paul Carrol, “Die Offene SchlachDie Zeit, No. 39, September 1993, p.18.
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relevant unit of observation also shifts the appedplity problem to the individual,
so that the relevant question becomes how econagents with a given
endowment of new knowledge can best appropriate rétarns from that
knowledge. If an employee can pursue the new idghinvthe context of the
organizational structure of the incumbent firm, slas no reason to leave the firm.
On the other hand, if she places a greater valugeoideas than does the decision-
making hierarchy of the incumbent firm, she mayefdorgoing what she has
evaluated as a good idea. Such divergences inalnation of new ideas force the
worker to choose between forgoing her idea or alseting a new firm to

appropriate the value of her knowledge.

By focusing on the decision-making context confiogtthe individual, the
knowledge production function is actually reversedKnowledge becomes
exogenous and embodied in a worker. The firm istexdk endogenously in the
worker’s effort to appropriate the value of his Wwhedge through innovative
activity. Typically an employee in an incumbentglarcorporation, often a scientist
or engineer working in a research laboratory, hétVe an idea for an invention and
ultimately for an innovation. Accompanying this @otial innovation is an expected
net return from the new product. The inventor woekpect compensation for
his/her potential innovation accordingly. If thengmany has a different, presumably
lower, valuation of the potential innovation, it yndecide either not to pursue its
development, or that it merits a lower level of gamsation than that expected by

the employee.
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In either case, the employee will weigh the altéweaof starting her own
firm. If the gap in the expected return accruingnir the potential innovation
between the inventor and the corporate decisionemiaksufficiently large, and if
the cost of starting a new firm is sufficiently Ipthe employee may decide to leave
the large corporation and establish a new enterp@snce the knowledge was
generated in the established corporation, the natt+ g is considered to be a spin-
off from the existing firm. Such start-ups typigatlo not have direct access to a
large R&D laboratory. Rather, the entrepreneurigartunity emanates from the
knowledge and experience accrued from the R&D Htiooies with their previous
employers. Thus, entrepreneurship is an endogeneggonse to opportunities
created by investments in new knowledge that atecommercialized because of
the knowledge filter. By resorting to the startupaonew firm to actualize the
commercialization of ideas that otherwise might aenmdormant in the incumbent

firm, entrepreneurship serves as a conduit for kadge spillovers.

Knowledge created in one organizational contextt th@mains
uncommercialized due to the knowledge filter pregidan important source
generating new entrepreneurial opportunities. tiei& knowledge and ideas created
in one context but left uncommercialized or notovausly pursued by the
organization actually creating those ideas, such essearch laboratory in a large
corporation or research undertaken by a universitst serves as the source of
knowledge generating entrepreneurial opportunitiesus, entrepreneurship can
serve as an important mechanism facilitating thi#lospr of knowledge. The

incumbent organization creating the knowledge ampodunities is not the same
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firm that actually exploits the opportunities. lhet exploitation of those
opportunities by the entrepreneur does not invdiluk payment to the firm for
producing those opportunities, such as a licengeyalty, then the entrepreneurial

act of starting a new firm serves as a mechanisrkrfowledge spillovers.

Thus, new knowledge generating opportunities fdarepreneurship is the
duality of the knowledge filter. The higher is tkeowledge filter, the greater are
the divergences in the valuation of new ideas acexOnomic agents and the
decision-making hierarchies of incumbent firms.rEpteneurial opportunities are
generated not just by investments in new knowlexdgkideas, but in the propensity
for only a distinct subset of those knowledge oppdties to be fully pursued and
commercialized by incumbent firms. Thus, the emerpurship is important in
generating innovative activity in general and radimnovations in particular by

serving as an important conduit of knowledge spéls.

4. Literature Review Measuring and Defining Radioalovation

“Innovation best comes from people who really knoething about
the topic. When | came to Kodak, | did not know imugbout
cameras. When they asked me to experiment witliC@ (charge-
coupled device), | did not know what to do.

| just tried an analogist's way to take picturesak no photography
expert. | could not have built a conventional camdihe ideal way
is not to just look to the experts, look to peopleo have a passion
to explore, and those who are not afraid of makmnigtakes.

Thomas Edison was a prolific inventor and he wawags
surrounded by people who thought they were allebdtian him.
Inventors spend most of the time being wrong akiehdi it, being
comfortable with failure, because that is how yearh. Inventors
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have to be resolute and the environment shouldleeant to you.
You have to spend a lot of time being wrong thaindpeight.”

Quote from Steven Sasson, inventor of the digitahera and 35
year employee of Eastman Kodak.

4.1 Expert Panels

There is now a long tradition of relying on indysexperts to identify
innovative activity. The first serious attempt toedtly measure innovative output
was by a panel of industry experts assembled bys#lbman Research Associates
(1976) for the National Science Foundation. The lrGa@h panel of experts
identified 500 major innovations that were introelddnto the market between 1953
and 1973 in the United States, the United Kingddapan, West Germany, France,
and Canada. The data base was compiled by anatitaral panel of experts, who
identified those innovations representing the "megnificant new industrial
products and processes, in terms of their techimdbgmportance and economic

and social impact”" (National Science Board, 1973,09).

A second and comparable data base once again ed/a@ expert panel
assembled by the Gellman Research Associates (1®82)ime for the U.S. Small
Business Administration. In their second study, @ah compiled a total of 635
U.S. innovations, including 45 from the earlier dstufor the National Science
Foundation. The additional 590 innovations wereeaed from fourteen industry

trade journals for the period 1970-1979. About 48cpnt of the sample was

5 “Innovation best comes from people who know nothibgut the topic”
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selected from the award winning innovations degcfiim the Industrial Research &

Development magazine.

The third data source that has attempted to dyretiasure innovation
activity was compiled at the Science Policy Redeahait (SPRU) at the University
of Sussex in the United Kingdom.The SPRU data consist of a survey of 4,378
innovations that were identified over a period feén years. The survey was
compiled by writing to experts in each industry aeduesting them to identify
"significant technical innovations that had beeocggsfully commercialized in the
United Kingdom since 1945, and to name the firnpoesible" (Pavitt et al., 1987,

p. 299).

Another study completed by Audretsch and Acs u888ijnnovations and
as an expert panel to apply four levels of sigaffice: (1) innovation established an
entirely new category of product (2) innovatiorths first of its type on the market
for a product catefory already in esistence (3) ithheovation represents is a
significant improvement in technolog and (4) thendwation is a modest

improvement designed to update an existing progAwadretsch p.16)

Table 4 Distribution of Large and Small-firm Inndieas According to
Significance Levels (Percentages in Parentheses)

Innovation | Description Number of Innovations
significance

Large Firms Small Firms

6 The SPRU innovation data are explained in conside detail in Pavitt et al.
(1987), Townsend et al. (1981), Robson and Town§Ed84), and Rothwell
(1989).
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1 Establishes (0.00) | (0.00) (0.00) | (0.00)
whole new
categories

2 First of its 50 (1.76) 30 (1.43)
type on the
market in
existing
categories

3 A significant 360 (22.70) | 216 (20.27)
improvement
in  existing
technology

4 Modest 2,434 (85.53) | 1,959 (88.31)
improvement
designed td
update
existing
products

Total 2,834 (99.99‘> 2,104 | (100)

Source: Audretsch and Acs (1990)

Audretsch and Acs find that while none of the inmttoans were at the
highest significance level, they do find that snfalins make up a considerable
portion of the innovations within the field. Themppears to be little difference in

the “quality” and significance of innovations beewelarge and small firms.

The most recent and most ambitious major data paseding a direct
measure of innovative activity is the U.S. Small sBess Administration's
Innovation Data Base (SBIDB). The data base canswmt 8,074 innovations
commercially introduced in the U.S. in 1982. A e firm, The Futures Group,

compiled the data and performed quality-control lgses for the U.S. Small
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Business Administration by examining over one heddiechnology, engineering,
and trade journals, spanning every industry in rfesturing. Industry experts were
relied upon both to identify innovations as well thgir significance. From the
sections in each trade journal listing innovati@m& new products, a data base
consisting of the innovations by four-digit stardiandustrial classification (SIC)
industries was formed. Many of the innovations weeessified according to four
distinct levels of significance, ranging from inerental, which referred to quality
improvement, to most significant, which presumabiferred to a radical

innovation’

Dewar and Dutton (1986) similarly relied upon anpsst study of experts
to identify specific radical innovations (1986, 492) suggest that, “The major
difference captured by the labels radical and mengtal is the degree of novel
technical process content embodied in the innomadind hence, the degree of new
knowledge embedded in the innovation.” This digtorc is consistent with those
researchers who define technology in terms of miswkedge component (Dutton
and Thomas 1985). Although radical and incremguetgtiain to distinctions along a
theoretical continuum of the level of new knowledgabedded in an innovation,

the middle values of this continuum are difficutihterpret (Baumol 2004).

Another study of expert panels find that there Ee discrepancies
between small and large firm innovation betweenUW& and Non-us companies.

As Chandy and Tellis (2000) show in figure one, ahé& 45 percent of small firms

7 A detailed description of the U.S. Small Busin&dministration’s Innovation
Data Base can be found in chapter two of Acs andrétsch (1990)
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create radical innovations while 66 percent of Ufal$ firms created radical

innovations in the market.

Figure 1 Radical Innovators by Size and Country @Gmnsumer Durables and

Office Products

70% -
609% .
~ 55%
50% -
45% .

40% - ~
30%

20%

10%

ﬁol’to T L]
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-* US
Non-U.S.

4.2 S-curves and Technological Trajectories
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Dosi introduces the theoretical discussion in 1982 discussing how
discontinuous and continuous technological trapgesocan be distinguished. Much
of the foundation for this area of research usdsi®peterian economic evolution
as a focal lens to understand the innovation psodasparticular, Dosi develops a
framework for distinguishing radical innovation financremental innovation based
on the technological push and consumer demandfavation. Dosi suggests that
an incremental innovation extends an existing tetdgical paradigm. By contrast,
a radical innovation creates a new technologicahgigm. According to Dosi
(1982, p.150 ) “Technological paradigms have a pbweexclusion effect: the
efforts and the technological imagination of engnseand the organizations they
are in are focuses in rather precise directioneviey are, so to speak, ‘blind, with
respect to other technological possibilities. Ae tksame time, technological
paradigms define also some idea of ‘progress.” Wam in Figure 1, there are

three points of innovation.
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Figure 1 S-Curve of Radical Innovation

Benefits/
Dollars
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Radical
Innovation
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Technology (1)

Technological Breakthrough

Time

Source: Chandy and Tellis (2000) P.3

As Dahlin and Bohrens rightly point out: “A relatagproach suggests that

the development of technologies subsequent to midduction of a radical

innovation will follow the path of an S-curve. Hovex, as is the case for

technological trajectories, s-curves do not offepracise manner for mapping

technologies. Neither do they help us identifydefine, the radical invention that

will start a new S- curve. In effect, whereas wech have good ideas about what
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the important performance criteria are a priorichsudeas appear to us only a

fortiori in Dosi and Foster’s framework analyziraglical innovations.”
4.3 Hedonic Price Models

This strain of literature stems from Henderson &ldrk (1990) and
Henderson (1993) where price is the empirical meassed to determine radical
innovation. Henderson studies the lithographic (ighing pictures) industry. While
hedonic pricing traditionally limits itself to teshblogical fields, it is a provides a
guantifiable mean to understand the impact of W& on price. For example,
instead of just measure the price of a black baxera to a digital camera, the
model would adjust for incremental improvementshi@ process, such as a flash or
quicker shutter speed. It therefore provides a &nway to understand how
supplement additions in the quality of a produdectfprice. Henderson finds that
“prior experience is significantly and negativelgrielated with realized market
share for radical innovation, providing strong soppfor the hypothesis that
incumbents attempting to introduce products thatuire quite different

organizational capabilities were severely handiedp.258

There are multiple problems with this method. Thestrcrucial problem is
that the method is unable to test for new fields #ire dormant or in an emerging
field. Indeed fifteen years prior to her study, the radical innovation of the digital
camera, was already owned and operated by the KBdstnan Compariy.Other

problems with the method, for example, are thath®edonic price index approach

Interim Report to FOR A, Audretsch and Aldridge 29



incorporates the productivity of individuals, andiltiple product levels can be
tested. However, one must pre select what procharacteristics might predict the
degree to which an innovation is radical. Anothexbem is that the willingness to
pay may be more likely with incremental changesa(&h 2001 and Tellis and

Golde, 1996).

4.4 Codified Innovation: Patents

In the past twenty years, patents have become fotlee anost common mean
to measure the degree to which an innovation igahdr incremental.. Patents
have become an important metric in the innovatiterdture comes from an easy
and open paper trail of patent citations. Thid tesives a clearly defined origin of
ideas and represents a clear lineage of where gleaghen they are cited in the
future. This lineage comes in two forms: forwarthttons and backward citations.
The patent citations also indicate a clear economige to startups and economic
growth (Trajtenberg, 1990). Since patent citaticar® equitable to a patent
monopoly, there are strict procedures to ensuredpgropriate citations are issued
and therefore creating a platform for researcheegpply empirical investigation for

radical innovation.

4.4.1 Forward Patent Citation Radicalness

Forward Patent citation involves future citatiorfsaopatent. These citations
come from United States Patent Examiners. Theskegsionals cite the previous
patent only when there is a legitimate reason te the previous patent’s

intellectual property. These future citations aedled forward patent citations.
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Rosenkopf and Nerkar (2001) apply radicalness amaxg the computer disk
industry to investigate the impact patents havefutare citations in domains of
patent classification. Patent domains are maintbarel categorized by the United
States Patent and Trade Office (USPTO). The adtlsbrsw how incremental

patents are often more narrowly cited within aaierdomain of patents and radical

patents are often cited by multiple domains of piste

The patent forward count that Rosenknopf and Neukaris, in many ways,
comparable to forward citations in scholarly jousnalhere are, however, two
detrimental differences when using citations. Fitisere is a motivation from the
patent inventor to cite as little as possible fymravious work. The less work that is
cited in the grant application, the more IP mongpsl granted to the inventor.
Second, a patent examiner is required to assigvaet patent citations to the
patent application. For a greater understand oficilgfies in the US patent
examining process see (Graham and Harhoff 200&h(ffaet al. 2002). Drawing
on patent citations creates other problems as WwelRosenberg and Nekar define
radical innovation: “radical’ exploration buildgon distant technology that resides
outside of the firm. The technological subunitimés knowledge from a different
technological domain and does not obtain that kedgé from other subunits with

the firm.” P.290

The definition of radicalness holds innovation exagus to the human capital
and tacit knowledge of the firm. As Klepper and dha (1990) show new and
radical innovations can, indeed, come from subuwithin the firm. The distant

technology can often be found within the incumbfmh. However, the firm is
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unwilling to either operationalize the potentiadliGal innovation due to managerial

disagreements or unwilling to commit resources tew& and uncertain venture.

4.4.2 Backward Patent Classification and Citations

Another form of patent citations are backward mta. Shane (2001) then
shows through a unique data set from MIT inveniovslving 1397 licensed MIT
patents, that the more radical the invention, tloeentikely it was made by a small
firm. As Shane (2001), explains, radical innovagiosill tend to originate from
small firms and large firms: P. 208 “First, radicechnologies destroy the
capabilities of existing firms because they draw r@mw technical skills. Since
organizational capabilities are difficult and cgstdb create (Nelson and Winter,
1982; Hannan and Feeman, 1984), established finasogganized to exploit
established technologies. Firms find it difficut thange their activities to exploit

technologies based on different technical skills.”

The research finds that radical patent citationsl @n lack of patent

classification are positive to startups for the Nbdidsed patents.

4.5 Dahlin and Behrens Metric for Radicalness Iations

While most industries experience a stream of ineestover time, a very
small subset of these has the ability to singlediedty reconfigure the industry’s
bases of competition. Dahlin and Brehns (2005) theetennis patent industry to

show that there is not only a wayeaoante identify whether an invention is radical,
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but also a way systematically analyze a productketaio determine whether an

invention was an important change agent or jusitarpial vehicle for change.

Dahlin and Behrens offer an attractive mean to tiflemncipient radical
innovations a priori, or before they are actualijylyf developed and introduced.
They create a three stage metric process whichngisshes between radical
invention and radical innovation. This method défarneeded predictive power of
identifying patents which have the potential toebeadical innovation. The three
criterion they suggest are based on the structupatent citations and replication

of new patent citations.

The first criterion is based on how dissimilar tti@tion structure is of past
patents cited. For example, if the radical patsendissimilar from the traditional
patent structure in the specific field, the pafeifils the first criterion. The second
uses concurrent patent citations structures a neamderstand how radically
different the patent citation structure is from theerage patent structure. The third
criterion then follows the forward patent citatiolmsestimate if the patent citation
structure is replicated in future patents, i.e. plagent has future patents follow a

similar patent citation structure.

Finally, as shown in Table 5, a literature summamnyradical innovations
offers the reader a more condensed understanditigeahdustries studied and the

offered definition of radicalness.

Table 5 Literature Summary of Radical innovations
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Commonly used definitions of radical vs. increménkanges

Studies in chronological order
Cooper and Schendel (1976)

Dosi (1982)

Foster (1985)

Dewar and Dutton (1986)

Anderson and Tushman (1990)

Henderson and Clark (1990)

Henderson (1993)

Das (1994)

Christensen and Rosenbloom
(1995)

Christensen and Bower (1996)

Tripsas (1997)

Rosenkopf and Nerkar (2001)

Chandy and Tellis (2000)

Van den Hoed (2006)

Industries studied

Locomotives, fountaimspvacuum
tubes, fossil fuel boilers, safety razors,

propellers, leather

Theory paper

Multiple examples, e.g. watches,
artificial hearts, textile fibers,
semiconductors

Shoe manufacturing

Glass, cement, anidaoniputers

Theory paper

Photolithographic alignment egeipt

Theory paper

Disk drives

Disk drives

Graphical typesetting

Optical disk technplog

Consumer durables anateoffroducts

Automotive fuel cells

Definition of novelty

None. Selected industries in whiclostifull
substin occurred when innovation was introduce

Technological paradigtmadel” and a “pattern” of
solution of selected technological problems, based

selected principles derived from natural sciences a
on selected material technologies (p. 152); radical
change paradigm shift

Discontinuity = gap between two s-curves at a point
where one technology replaces another

Radicavations require adopting firm to process
new information

2 dimensions: (1) order-of-magnitudancie in price-
performance ratio; (2) competence-enhancing vs-cg

petence -destroying

2 dinexssi(1) design architecture is reinforced or|
changed; (2) core technological concepts in

componentry are reinforced or changed

2 dimensions: (1) degree of substitutabi(iy;
competence-enhancing vs. competence -destroying

2 dimensions: (1) knogéeshme or different; (2)
Competence-enhancing vs. competence -destroying

Radical = launching new directionéchnology vs.

Incremental = making progress along establishell pa

Radiadisrupts or redefines a performance
trajectory.
Incremental = sustains the industry’s rate of
improvement in product performance

None

“Radical exploration builds upon distant tectogyl
that resides outside of the firm.” (p. 290)

“a new product that incorporates atsuthially
different core technology and provides substantiall
higher customer benefits relative to previous potsiu
in the industry” P.2

“a tedbgy that builds on a different set of
engineering and scientific principles that (i) sithtes
for the established technology, and (ii) overtutires
current competencies of the established indusiy.”
1015
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Shane (2001) MIT licensed patents “I measure tleainess of the patent as a time-
invariant count of the number of three-digit patent
classes in whicbhrevious patents cited by the given
patent are found, but the patent is not classifed210

Ahuja and Lampert (2001) Chemicals Radical/bieaktgh inventions “serve as the basis ¢
‘future’ technologies, products and services."§p2)

Adopted from Dahlin and Behrens (2005)

6. Conclusion
The interim report has shown there are a variégifterent ways in which
radical innovation is manifested. The report plem$urther expand on the metrics

of the Dahlin and Behrens model.
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