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because, aside from business complications, specific energy was phenomenologically
interactive with other performance parameters such as specific power (acceleration),
recharging time, the number of possible recharging cycles, battery "memory", and
operating environment extremes. However, this reminder did not discount the validity
of the views developed previously and maintained to this point. The observation only
emphasized that though range was the most critical performance parameter, the one that
was the most serious bottleneck in terms of consumer acceptability, no single
technology was yet in sight that would accommodate the demands of all automobile
consumers, at least in terms of the way automobiles were expected to perform
generally. In strategic terms, the short-term was expected to be technologically
fragmented, but this accorded with theoretical concepts like Anderson & Tushman's
(1990) "period of ferment", the exciting period between a technological discontinuity
and the emergence of a dominant design. Theory still suggested that in the long-term,
eventually a dominant design would emerge, a design that constituted a collection of
sub-technologies that together would deliver satisfactory performance to most
consumers (Utterback, 1994).

In the short-term, however, much was indeed still very uncertain. At EVS-12,
* there was a diverse contingent of participants who felt that improvements to Lead-Acid
technology would, at the very least, be the best short-term solution to even the range
problem. Interestingly, this contingent had no U.S. voice; rather, articles came from
Germany (Hanauer, 1994), Great Britain (Merz & Stevensen, 1994), Japan (Nakayama
& Hijo, 1994; Wakasa, 1994), and South Korea (Song, Kim & Oh, 1994). Within this
group, the phenomenological limitations of the Lead-Acid ReDox were well-known.
The fact that so much of the technology's potential was still untapped was equally

recognized, however, Hence activities aimed at incrementally improving Lead-Acid
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Batteries (PTA) were intense. Whether or not these investments would prove fruitful
was somewhat a matter of perspective.

It seemed certain that Lead-Acid improvements would be competitive during
the crucial early years, when the new industry (EV or EV power source) as a whole was
most vulnerable to failure. In theoretical terms, it seemed that Lead-Acid advocates
and some others were cognizant of ’the "sailing ship" phenomenon (Foster, 1986)
described earlier, and knew that the performance of Lead-Acid technology would
flatten again after an impressive rejuvenation, only to inevitably be overtaken by a
different technology. Strategically, to some this seemed to be the best way to buy time,
to buy into the new industry on the ground floor, and to be agents of change. Whether
or not the Lead-Acid advocates represented organizations that planned to eventually
make the leap to a non-Lead-Acid technology was not clear, however, which was the
substance of Proposition 1.

In other words, it is safe to say that everybody who participated in EVS-12 knew
that it would be difficult -- and probably impossible -- to meet the California mandate
wi-th the permanent solution as early as 1998, but there were disagreements as to
whether Lead-Acid should be pursued as a shrewd short-term, interim solution, The
conundrum causing the furor was highly relevant to this study. Some experienced
players, scarred by previous, failed EV movements (such as the spurts of interest that
occurred during oil embargo panics) felt that the best way to ruin the present movement
was to introduce marginal/mediocre technologies too early and cause irreparable,
further damage to the image that already plagued electric vehicles: that they were only
glorified golf carts, Others felt that at least some niche markets, such as government
and industrial fleets, the military, and environmentally-conscious and wealthy trend-
setters, should be pursued soon and vigorously as hands-on development programs in-

and-of themselves. The resulting dilemma was how to compete in a cooperative
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fashion, or how to cooperate competitively -- how to legitimate one's technology, while
simultancously legitimating the whole industry full of competing technologies.

In the main, while some players advocated achieving acceptable mass-market
performance through achieving a series of small discontinuitics, others seemed intent
on working more patiently at the R&D phase, and then making the big hit. Lead-acid
advocates were plainly in favor of the former point of view, firm-specific long-term
strategics notwithstanding,

So ingenuity plus politically ordained demand were pushing many incremental
improvements to Lead-Aacid technology. The one version that was discontinuous in
terms developed in this study, of course, was the Scaled, Bi-Polar Lead-Acid Battery
(SBLA, or PTC). The history of the SBLA was relatively short and narrow. The basic
technology was a product of the Cold War, having been invented by the Jet Propulsion
Laboratory (Pasadena, California) as part of the Strategic Defense Initiative ("Star
Wars"). Since being researched and developed in the 1980s, it secemed that SBLA
technology had since been transferred (licensed) to only a few serious organizations.
Harbaugh (1994) reported that the Arics Rescarch/Exide version was promising 47
Wh/kg, a figure that squared neatly with Table 6.5. That is, during the conceptual
development of PTs, B and C were designated arbitrarily; they were both MD 1, PT1
groups of innovations. Had the order been reversed (which would probably have been
intuitively cleaner since it would have alphabetically adjoined both Lead-Acid PTs),
Harbaugh's data would have perfectly supplemented Table 6.5, adding SBLA in a way
that maintained the parallel ascendance of PT (alphabetically) and practical specific
energy (numerically),

Considering Other ReDox (PTB) Batteries next, several articles concentrated on
Nickel-Metal Hydride technology. U.S.-based Ovonic (Crujian et al., 1994) claimed to
be producing one such battery that was delivering 70-80 Wh/kg "to the wheels" - i.c.,
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functioning in a commercializable vehicle. This young firm was already in the
production mode, having delivered 10,000 such devices while also licensing the
technology to Gates, Gold Peak, Harding, Hitachi, Matsushita, Samsung, and Varta. In
other words, Ovonic was in fact delivering a level of performance that the USABC only
indicated as being in the module stage. SAFT of France (Cornu, 1994) was somewhat
behind Ovonic, reporting a 1994 developmental project that had the attainment of 65
Wh/kg as its goal, and a 1996 pilot project which planned to attain 80 Wh/kg. U.S.-
based Electro-Energy (Reisner & Klein, 1994) reported a radical cost-saving design, but
did not specify performance. |

Consistent with the USABC data, SAFT (Cornu, 1994) also claimed that Nickel
Cadmium technology was the only alkaline couple commercially available for
automotive applications. SAFT's Nickel Cadmium battery was delivering 56 Whikg,
and the company hoped to improve it to 65 Wh/kg by 1996. An apparent joint venture
between the Furukawa Battery Company and the Tohuko Electric Power Company,
both of Japan (Eguru, Yabumoto, & Onozuka, 1994) claimed to have a Nickel-Iron
Battery in "secondary development" that was promising 57 Wh/kg. Yuasa-Exide of
Japan (Aran et al., 1994) reported that despite the high phenomenological potential of
Nickel Zinc, the technology was also fundamentally plagued by the natural tendency for
the zinc to form microscopic dendrite deposits that caused electric shorts. Yet PAUG
of Germany (Warthman, Ohms & Haschler, 1994) reported a laboratory Nickel-Zinc
cell that was promising 65 WH/kg (which would have substituted perfectly for one
"n/a" in Table 6.5), a Nickel Hydrogen prototype that was promising 55 Wh/kg, and a
Nickel Cadmium pilot project delivering 45 Wh/kg (below that which was otherwise
commercially available). In sum, no performance data pertaining to PTB innovations
found in EVS-12 proceedings seriously contradicted the USABC data, and on the whole
added detail to that part of the picture.
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Considering Hot Batteries (PTD), Electricite de France (Baudry, 1994) reported
a Lithium Polymer device, still in the cell/stack stage, promising 80-100 Wh/kg --
slightly lower than the USABC practical specific energy for the same technology.
SAFT (Broosely & Stanewicz, 1994) reported a similar Lithium device with 105
Wh/kg, more in line with the USABC data. Most interesting was Kurematsu's
description of MITI's "national project”, a coordination of contributions from Japan's
Central Research Institute of the Electric Power Industry, Hitachi, Japan Storage
Battery, Matsushita, Nippondenso, Toshiba, and Samsung (Kurematsu, 1994). This
group was collectively working on specific Lithium combinations otherwise never
reported (Lithium Cobalt Oxide Ion, Lithium Nickel Oxide Ion, and Lithium
Manganese Oxide). Their goal was to develop a module delivering 120 Wh/kg by
1995, and 180 Wh/kg by 2001; aggressive, but consistent with USABC data. Silent
Power of Great Britain (Auxer, 1994) reported that its Sodium Sulfur Battery then
operational in Ford's EV testbed (named EcoStar) was delivering 80 Wh/kg, the same as
the USABC's prototype Sodium Sulfur device. Finally, the Lawrence-Berkeley
Laboratory (Doeff, 1994) advocated development of "infant" Sodium Polymer
technology, one that had a known phenomenological potential lower than that of all
other Hot Batteries (440 Wh/kg), but was ostensibly able to achieve a greater fraction of
its potential energy because of its inherently superior internal conductivity. On the
whole, this portrait of PTD innovations was somewhat more diverse than that portrayed
by the USABC by virtue of the inclusion of additional, exotic ReDox combinations, but
performance frontiers stayed basically within or around the same range.

The picture concerning Zinc-Air Batteries (PTE) was different. Electric Fuel of
Israel (Harat, Whartman, & Tiversky, 1994) boasted of being ready to start delivering
40,000 Zinc-Air Batteries to organizations in the German telecommunications and

postal industries, that would immediately deliver 215 Wh/kg - more than twice the
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USABC prototype. What was even more striking was that in this and other EVS-12
data (Tomazic, 1994), range was not emphasized as being the main inherent advantage
of Zinc-Air technology -- cost was. Also very illustrative, and as will be interpreted
later, was that in every other EVS-12 article that contained purposive comparisons of
EV batteries (Harbaugh, 1994; Kahlen, 1994; Kruger & Gareth, 1994; May, 1994;
Warthman & Ohms, 1994), Zinc-Air batteries and their entire Phenomenological Type
of innovation were completely overlooked.

Aluminum-Air batteries (PTG) did not appear in the EVS-12 proceedings at all,
(which differed from Zinc-Air (PTE) batteries only in the additional requirement for a
thermal control system), but Fuel Cells (PTs F, H, and I) did. Again, in terms of
performance, Regenerative Fuel Cells (PTF) were most like ordinary batteries, in that
the basic device-type was conceived to be a closed system except for the actual flow of
current. Bronoel (1994) of France reported the development of "an interesting
compromise between fuel cells and secondary cells" that was a Regenerative Fuel Cell,
having a specific energy of 180 Wh/kg and an attainable practical potential of 300 -- if
true, "so very higher than the best batteries" (424).

Naturally, because of the way they operated, the on-board specific energy of all
other types (PTs H and I) of fuel cells was not so much of an obsession. Their ranges
were limited to the size of the fuel tank, efficiency of the device, and the natural energy
content of the fuel, as in ordinary automobiles. Thus EVS-12 articles addressing fuel
cells were mostly concerned with other matters, especially cost (Barbir, 1994; Cornu et
al., 1994; Howard, 1994; Swan & Arikawa, 1994). These articles were authored by
representatives from Belgium, Canada, France, Italy, and the Netherlands.

In short, morphologically speaking, batteries and fuel cells belonged on the
same morphological map because of their identical phenomenological underpinnings.

But for practical purposes, features of fuel cells' operating characteristics made solving
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the range problem mechanically different. The main engineering problem (in non-
regenerative fuel cells) was not increasing specific energy per se, but achieving a
configuration small enough for the average automobile -- at cost.

To summarize the EVS-12 proceedings, the "present" and expected short-term
performance frontiers of electrochemical EV technologies were very much in line with
the more central view of the USABC. Despite the fact that most of the organizations
noted in this part of the discussion were not being sponsored by the USABC, and that
most of them were not U.S.-based organizations, there were only a few inconsistencies
between the two patterns. A few ReDox combinations heretofore unconsidered became
apparent, an Israeli firm was boasting imminently commercial Zinc-Air performance
that was far superior to that predicted by the USABC, and of course Fuel Cells were not
overlooked outside the USABC. But in general, this review of EVS-12 proceedings,
which was data that came directly from industry participants, indicated a great deal of
consistency with both the review of available, mostly USABC technical data, and the
revised frequency analysis discussed before that.

Price

Additional Tests. A similar method was used to help evaluate the known
cost/price characteristics of the various categories of innovations. Tables 6.6 and 6.7
present the data needed to evaluate how MD 0 innovations compared to MD>0
innovations. Chi-square for Table 6.6 was 48.26 (C=.56), rejecting the null at alpha =
.001; when the table was standardized, chi-square rose to 90.02 (C =.56). Chi-square
for Table 6.7 was §.78 (C = .24), rejecting the null at alpha = .01; when the table was
standardized, chi-square was 22,14, which rejected the null at alpha = .001.

On the whole, then, there seemed to be no doubt about the relative price
characteristics of MD 0 and MD>0 innovations, Improvements to the dominant design

were reported as the least expensive trajectory in the short-term, but by the same token
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Table 6.6. Price Superiority, MD 0 versus MD>0.

NOWCHEAP=I THENCHEP=1
MDO 47 11
MD>0 7 43

Table 6.7. Price Inferiority, MD 0 versus MD>0.

NOWEXP=1 THENEXP=1
MD 0 6 4
MD>0 92 11

alternatives, on the whole, were expected to match and surpass the dominant design in
the long-term. The only note of equivocation was that there were only four reports that
Lead-Acid Batteries would be more expensive than alternatives in the long-term.
Otherwise, Tables 6.6 and 6.7 strongly supported the expectation that the Lead-

Acid, dominant design was the cheapest, short-term alternative but that this might
change in the long-term.

Finally, Tables 6.8 and 6.9 were constructed to help examine the known
cost/price characteristics among the various Phenomenological Types of competence-
destroying innovations. Together they continued to make very clear that competence-
destroying innovations were more expensive than competence-enhancing innovations in
the short-term; however, reports of their potential to become as inexpensive as Lead-
Acid Batteries in the long-term were not as generally. Criticisms of Common Fuel
Cells were also apparent. Here, however, a lack of statistical significance in the tables
disallowed any speculation about relative price characteristics among the Types. Chi-

square for Table 6.8 was 2,29 (C = .21), which did not reject the null. Chi-square for
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Table 6.8. Price Superiority, Phenomenological Type.

NOWCHEAP=1 THENCHEP=1
PTB 3 ' 17
PTC 0 0
PTD 2 15
PTE 2 5
PTF 0 0
PTG 0 0
PTH 0 4
PTI 0 0

Table 6.9 was 2.20 (C =.15), which also did not reject the null. Subsequent tests of
these tables were uninterpretable.

Technical Data and EVS-12. Using the same data that was used to evaluate
innovations' performance, it was more difficult to develop a coherent picture of the
relative cost/price characteristics of even the most popular and important innovations.
Since the USABC had set mid- and long-term goals for both performance and price,
occasional attention was paid to the dollar-per-watt-hour guidelines that this agency had
set forth. But this dissertation focused on performance and price independently, not in
combination. To avoid confusion, therefore, technical data and EVS-12 proceedings
were consulted only for information pertaining to
absolute cost drivers and/or prices of deliverable EV power systems.

It was noticeable that the USABC and manufacturers articulated very few
numerical estimates of the absolute cost/price characteristics of electrochemical
devices. Most assertions were either coarse, verbal comparisons or highly isolated

descriptions. The USABC (Table 6.5), for example, merely classified the relative costs
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Table 6.9. Price Inferiority, Phenomenological Type.

NOWEXP=1 THENEXP=1
PTB 41 6
PTC 0 0
PTD 27 5
PTE 1 0
PTF 0 0
PTG 0 0
PTH 12 0
PTI 0 0

of each technology as being "low", "moderate", and/or "high". Articles from EVS-12
proceedings also tended to make either general claims or describe cost-driving
idiosyncracies in detail.

One pattern that was very clear was that Lead-Acid technology was always
considered to be the most economical alternative in the short-term. The USABC
labelled the cost of Lead-Acid technology as "low/moderate", as compared to other
technologies in Table 6.5. Articles from the proceedings of EVS-12 agreed. The
spokesperson for one Lead-Acid innovation, for example, claimed that it had the
"lowest cost of any available battery today" (May, 1994: 128). Other articles about PTA
innovations also made general claims about the low costs of Lead-Acid technology
(Kruger, 1994; Taniguchi, 1994). Perhaps the more telling trend was that Lead-Acid
was always used as the industry's cost benchmark (Merz & Stevensen, 1994; Nakayama
& Hijo, 1994). In other words, non-Lead-Acid Batteries seemed to be competing with
each other for superior performance, while at the same time they were competing with

Lead-Acid technology for acceptable cost. The apparent reasons that Lead-Acid was
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the least expensive technology were highly consistent with the theoretical
characteristics of a mature technology: low-cost of materials, a great deal of
standardization of product design and manufacturing processes, established
infrastructures for distribution and reclamation, and of very great importance to this
study, in-depth knowledge of the underlying phenomenological character of the Lead-
Acid ReDox.

Next, the USABC labelled the relative costs of Nickel-Metal Hydride Batteries
(PTB) as "moderate", an issue that was addressed several times in the EVS-12
proceedings. Writing on behalf of Ovonic, Corrigan et al. (1994) claimed that "the
inherent metallurgical and mechanical nature of the electrodes, and cheapness of
materials, will ultimately lead to low-cost production" (214). Writing on behalf of
Electro-Energy, Reisner & Klein (1994) asserted that their Nickel-Metal Hydride
Battery, because of its construction, was "inherently cheap” (340). In other words,
Nickel-Metal Hydride technology seemed to have moderate cost characteristics because
of both reasonable costs of raw materials and unobstructed produciblility.

The USABC labelled the relative cost of Nickel-Cadmium (PTB) Batteries as
"moderate/high". There was no evidence in the EVS-12 proceedings as to why this was
so, but elsewhere it was commonly known that Cadmium, aside from being very toxic,
was a relatively rare element: an inherently intractable cost barrier, if not an outright
brake. Brant (1994) roughly estimated that Nickel-Cadmium Batteries were inherently
about four times as expensive as Lead-Acid Batteries, even in the short-term and in
small quantities, on account of this characteristic of Cadmium alone.

" The USABC labelied the relative cost of Nickel-Iron Batteries (PTB) as
"moderate”. Again, that term was given some rough-order-of-magnitude perspective by
Eguru, Yabumoto, & Onozuka (1994) who admitted that the Furakawa Company's

Nickel-Iron Battery cost ten-to-twelve times as much as Lead-Acid Batteries.
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The USABC did not specifically appraise Nickel-Zinc Batteries (PTB), but part
of Anan's (1994) discussion of one such device did include an observation of the
relatively low cost of zinc. As partial corroboration, the USABC labelled the relative
cost of Zinc-Bromine (PTB) Batteries as "low/moderate". . Descriptions of Zinc-
Bromine Batteries did not appear in the EVS-12 proceedings but Hackleman et al.
(1992) made a similar observation of the low cost of zinc.

In contrast, Brant (1994) made an important observation about Nickel, so
 essential to most of the PTB innovations. He noted that the United States owned about
15% of the known Nickel deposits, and that only about 3% of that was economically
extractable. In other words, despite the present price of Nickel, and regardless of any
economy of scale that might be achieved at plant level, a severe diseconomy of scale
existed for any vision of an EV industry that depended on vast quantities of Nickel.

In sum, information was spotty but the cost characteristics of PTB innovations
did not make it clear that this was the PT of choice. Besides present absolute costs, the
simple diseconomies of depending on several critical chemical elements on a
paradigmatic scale seemed to present problems that transcended any firm-level
competence. Within PTB, only Zinc-Bromine seemed to escape this obstacle.

The USABC data did not address SBLA Batteries (PTC), but Harbaugh (1994)
asserted that though his company's version cost more than (PTA) Lead-Acid
technology, it only cost about half that of other EV technologies. Based on the above
estimates, however, that would still mean that SBLA technology was at least twice as
expensive as the dominant design; since materials were basically the same, construction
and production expenses probably accounted for this.

The USABC labelled the relative cost of Lithium Polymer (PTD) and Lithium
Iron DiSulfide (PTD) Batteries as "moderate". Appraisals in the EVS-12 proceedings

actually seemed more severe for Lithium technologies in general. Baudry (1994)
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expressed the concern that Lithium and Fluorinated materials were the most expensive
ones being considered for EV applications, which was quite an indictment if the above
appraisals of Nickel and Cadmium were correct. Doeff (1994) advocated the
development of Sodium Polymer rather than Lithium Polymer for the same reason,
despite the need to sacrifice some theoretical specific energy when making this choice.

The USABC labelled the cost of Sodium Sulfur (PTD) technology as
"moderate", and Sodium Iron DiSulfide (PTD) as "moderate/high". The EVS-12
proceedings did not help clarify why, but elsewhere it was commonly known that
despite the abundance and low cost of materiais of Sodium-based technologies,
production costs were high, coupled with the high cost of developing a meticulously-
controlled and safe thermal control system. This latter characteristic was no less true
for Lithium technologies (Hackleman et al., 1992).

Summarizing the cost characteristics of PTD innovations, all were inherently
disadvantaged by the need for a sophisticated thermal control system. The low cost of
materials mitigated this cost somewhat for Sodium-based technologies, while the
opposite was true for Lithium-based technologies.

The USABC labelled the relative cost of Zinc-Air (PTE) technologies as
"low/moderate". Articles in EVS-12 supported this estimate. Tomazic (1994) stated "a
further increase of production costs does not influence the price of lead-acid batteries
anymore. It can be seen, too, that only the value of the material of a Nickel-Cadmium
Battery will be almost three times as much as the price of the zinc-flow battery
including profit. [Numbers show] the very large influence of mass production on the
price of the zinc-flow battery. The zinc-flow battery therefore has the greatest potential
for low cost of all known EV battery systems [sic]" (403). Harats, Whartman, &
Twersky (1994) agreed in principal, completing a consistently positive picture of Zinc-

Air technology.
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The USABC did not appraise fuel cells, but there was no doubt in EVS-12 and
other data that each one was, at least in the short-term, "prohibitively expensive for a
transportation application" (Swan & Arikawa, 1994: 424), Other more general
literature, while also being short on specifics, was just as certain (Brant, 1994;
Hackleman et al., 1994; MacKenzie, 1994). While cost obstacles abounded, the most
significant seemed to be the costs of producing very sophisticated membranes and
electrodes.

An honest and telling observation made by Tomazic (1994) summarized this
part of the discussion best, with some added insight: "A cost comparison at this early
stage of development needs the assumptions of costs as no precise data are available
and as almost every designer claims for his own system, that if it is mass-produced, the
battery costs the 150 Dollars which are demanded by the USABC to be an EV candidate
[sic]" (405). In other words, despite some inherent diseconomies of pursuing several
specific ideas, manufacturers consistently claimed eventual cost-parity of their
innovations based on plant-level economies tied to mass production. Had the USABC
not set cost/price guidelines, which themselves reflected the Lead-Acid baseline, it is
not certain what cost predictions would have been.

Finally, a reminder is necessary. The above analysis of cost/price characteristics
maintained the discipline necessary to correctly help evaluate the specific cost/price-
related propositions and hypotheses that were developed for this study. The above
discussion was limited to absolute costs and prices, not $/Wh, cost-effectiveness, or
value, The price/performance ratio is a critical determinant of the timing of the likely
substitution of one technology for another, but this ratio was dissected in a much earlier
discussion in order to enable a clear and consistent evaluation of each dimension

seperately,
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Synthesis

The introduction to this chapter restated the overall conclusions of the previous
chapter, which formed a general but clear pattern of how the performance and price
advantages and disadvantages of competence-enhancing and competence-destroying
innovations were being legitimated in the public media, with implications as to the
incumbency of innovative firms. Subsequent discussions established a baseline, by
triangulating the implications of revised frequency analysis, available technical data,
and symposium proceedings, of what was actually happening in the industry. This
section synthesizes all findings and offers extended interpretations.

Industry Incumbency. Although the analysis became somewhat tortuous, the
first proposition was finally supported. Proposition 1 asserted that competence-
enhancing innovations would be made by industry incumbents, and that competence-
destroying innovations would be made by industry non-incumbents. From a purely
technical standpoint, the statistical tests of the hypotheses designed to test this
proposition failed. But only eight incumbents were reported in the media, and it was
argued that there was almost certainly a "file drawer" of non-reported incumbent
activity that was so relatively non-innovative that reversal of the interpretation of the
tests was justified, if not warranted.

In other words, the pattern of actual industrial activity in this experimental
setting supported Technology Cycles frameworks so strongly that the (public media)
data was ironically skewed towards making misleading statistical conclusions. Of the
45 incumbents, 37 were innovating in ways that were not newsworthy, and it is safe to
generally interpret non-newsworthiness as non-innovativeness. Of the eight incumbents
that were reported, three were exclusively pursuing competence-enhancing innovations.
Of the 80 reported non-incumbents, 68 were exclusively pursuing competence-

destroying innovations. Of course, there was a grey area: 5 incumbents were pursuing
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competence-enhancing and competence-destroying innovations, as were 12 non-
incumbents, and another 12 non-incumbents were exclusively pursuing competence-
enhancing innovations. But on the whole, Technology Cycles frameworks were
supported when the light of the "file drawer" problem was cast on the analysis of raw
frequencies. |

This conclusion remained intact even after concessions were made in the way
"industry incumbency" was operationalized. The second impression, in fact, is that
industry incumbency is difficult to define and operationalize. It should be recalled that
one of the main arguments in a much earlier discussion was that using prevailing
mental structures to map out radically different future space is inherently flawed
because it is so potentially myopic (Hamel & Prahalad, 1994). Yet in the design of this
study, the least problematic way to define the industry in question was to follow
research precedent and use a very structured interpretation of what an industry is:
Standard Industrial Classification. This was appropriate because the whole point was
to assess whether or not firms deeply entrenched in a prevailing mental structure,
representative of an industry's technological paradigm, would be agents of change that
would eradicate that structure or at least participate in the enactment of a new one.
Operationalizations momentarily aside, it was certainly true that U.S.-based firms with
a primary SIC of 3691 were not agents of change, at least not broadly speaking. This
was so true, however, that defining the industry as SIC 3691 became suspect as a
correct operationalization. It was as if the "new" industry was already so different from
the "old" industry that referring to SIC 3691 as a point of reference was moot.

In the end, however, SIC 3691 still stood as an adequate definition of the
industry based not on the logic of old mental maps or prevailing industry paradigms,
but for (a) phenomenological reasons and (b) the unavoidable conceptual tie-in to

incumbency. For many purposes, it would no doubt be appropriate to operationalize



