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Patent Production Process and the Multi-Performers

Shuichi Ishida

This study examines the method for evaluating the strategies of
each company whose technology is positioned between the ‘fluid
phase’ and ‘transitional phase’ of the Abernathy-Utterback Model,
and in particular, discusses the efforts of core human resources who
play a key role in the technological strategies, as well as how they
are utilized. From this examination, two hypotheses are proposed.
�）Interlocking the efforts of multi-performers with company-wide
technological strategies may increase the efficiency of implementa-
tion. �）By allowing multi-performers to explore diverse technologi-
cal directions without interlocking their efforts with company-wide
technological strategies, it is possible to establish a foundation for
renewed technological strategies.

JEL Classification: O31, O32
Keywords: R&D strategy, Dynamics of innovation, Multi-performer,

Patent analysis

1. Introduction

A central issue in competitive technical intelligence is the interpretation
of information gathered on the technology development strategies of each com-
petitor（Coburn, 1999）. If the specific technology is at a mid-stage between the
fluid phase and transitional phase of the Abernathy-Utterback Model（Aber-
nathy and Utterback, 1978）, it is difficult to assess the development strategy of
the target companies because of the widely varying organizational systems
and strategies. This paper examines the method for evaluating the strategies
of each company whose technology is positioned between the fluid phase and
transitional phase of the Abernathy-Utterback Model, and in particular, dis-
cusses the efforts of core human resources who play a key role in the techno-
logical strategies, as well as how they are utilized.

2. Prior Studies

At a mid-stage between the fluid phase and transitional phase of the
Abernathy-Utterback Model, each company is likely to shift its organization
from an organic system of management to a mechanistic system of manage-
ment, as described by Burns and Stalker（1961）. In this transition, human re-
sources performing organizational functions are expected to be pioneers in ad-
vanced technological fields in the organic system of management, while, in the
mechanistic system of management, innovation is required for products that
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have been standardized due to the immergence of dominant design. Therefore,
in the mid-stage, there are two possibilities: either the same or different hu-
man resources play a role in the two phases. If it is the same persons in both
phases, they must play two different functional roles. Managers in charge of
both phases prioritise their leadership in the fluid phase（Mintzberg, 1989）,
and coordinate product development through liaison representatives without
establishing direct communication with working-level engineers in the transi-
tional phase（Clark and Fujimoto, 1991）. Thus, their management styles vary
from phase to phase, and it is presumably difficult for each company to shift
from the fluid phase to the transitional phase smoothly. However, since few
studies have been conducted on such management issues, there are virtually
no references. Furthermore, there are few studies on human resources who
lead the process innovation and product innovation assumed in the Abernathy-
Utterback Model and on their management.

Considering the above background, this paper focuses on human re-
sources, referred to as multi-performers who bridge the two phases and play
functional roles in both, and examines how their efforts are positioned in the
technological strategies.

3. Analysis

3.1 Methodology
In this study, the lithium-ion battery industry in Japan was selected as a

research subject, because it is currently positioned between the fluid and tran-
sitional phases of the model, and a wealth of data is available from its early
phase of development. Using case examples, both the technological and mar-
ket backgrounds of lithium-ion batteries as well as the characteristics of the
technological strategies of each company are examined.

Subsequently, multi-performers, the analytical focus of this study, are ex-
tracted from patent data, and then the relationship between the multi-
performers and technological strategies is analyzed, using statistical tech-
niques.

3.2 Target companies and their technological background
The R&D of lithium-ion batteries was started in the U.S. mainly by

university-affiliated research institutes before 1970. Theoretically, lithium
had long attracted interest as the ultimate battery material because of its elec-
trochemical properties, and so the experimental production of lithium-ion bat-
teries was attempted at the laboratory level in the late 1950s. Initial attention
was focused on Harris’s paper（Harris and Kratochvil, 1974）on organic electro-
lyte, based on which NASA launched R&D for their practical use.

Subsequently, Ni-Cd batteries were commercialised as rechargeable sec-
ondary batteries in the 1970s. In the early 1980s in Japan, Sanyo Electric and
Matsushita Batteries embarked on the R&D of secondary batteries using
metal lithium and lithium alloy. However, the two companies put most of their
efforts into the R&D of nickel hydride batteries, causing fierce competition in
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the battery market.
The R&D of lithium-based secondary batteries further accelerated into

the 1980s, with a rising demand for high-capacity batteries and the accumula-
tion of related technologies for commercialisation. Each company, including
newcomer Sony, focused on determining the basic structure of the battery in
order to put it into commercial use. Sony adopted the“rocking-chair”technol-
ogy（Ishida, 2004）, and in 1990, became the first company in the world to
achieve commercialisation of lithium-ion batteries.

However, the materials used for the negative and positive electrodes, and
electrolyte in the developed system varied from company to company. For ex-
ample, three kinds of materials were available for the negative electrode: hard
carbon, soft carbon, and graphite. Sony adopted hard carbon and LiCoO２ for
the negative and positive electrodes of their battery respectively, while Sanyo
Electric used graphite and LiNiO２, respectively, in their R&D, but adopted
Sony’s system at its practical stage. Similarly, although Matsushita Batteries
tested a wider range of materials in their research phase than Sony and Sanyo
Electric did, they eventually adopted Sony’s system at its practical stage.

3.3 Target companies and their market background
Lithium-ion batteries were mainly used for video cameras when they were

first developed, but later spread to the huge laptop market.
Laptop computers began to penetrate the personal computer market in

the mid 1980s, and their market rapidly expanded in 1989 when Toshiba put
out the“Dynabook”with a weight of 2.7 kg. In Japan, NEC, Epson, and Hitachi
increased their production of laptops, and the share of laptops in the total do-
mestic shipments of personal computers rose sharply to 30% in 1989 from the
previous year’s 14%. Outside Japan, the U.S.-based research company Data
Quest published their finding in 1989 that the share of laptops in the Euro-
pean personal computer market would increase from 8% in 1989 to 16% in
1992, while The Yankee Group, a U.S.-based research company specializing in
the information and communication field, forecast in 1990 that the share of
laptops in the U.S. personal computer market would reach 32% by 1994. IBM,
which had taken a cautious stance, announced their full-fledged entry into the
laptop market in 1991. Thus, the lithium-ion battery was a long-awaited de-
vice for the personal computer industry where power consumption was ever
increasing with the improved performance of microprocessors.

In 1993, with the future growth of the market becoming evident, Sony de-
cided to increase their production of lithium-ion batteries. Sanyo Electric and
Matsushita Batteries finally started to mass-produce the batteries in 1994,
two years later than A&TB. Sony still maintained their 60% production share
in 1995 when there were already many other competitors including Toshiba,
Nippon Batteries, YUASA, Hitachi Maxell, and Moli Energy. With the market
size growing more than three-fold during this period, Sony maintained their
large share.

Playing second fiddle to Sony, Sanyo finally made a move. The company’s
strategy was to differentiate their products in shape rather than energy den-
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sity. While Sony dominated the laptop market with cylindrical lithium-ion
batteries, Sanyo tried to catch up by producing square batteries for the mobile
phone market. This type of battery was ideal for mobile phones because it is
more space saving than cylindrical batteries.

At that time, the domestic mobile phone market benefited from the de-
regulation policies of the Japanese government. In 1994, the number of new
entrants rapidly increased and telephone charges including basic ones were
drastically reduced, thanks to policies such as the introduction of the terminal
equipment sell-off system, the deregulation of new entry into mobile phone
business, and the introduction of a flexible rating system. The Japanese gov-
ernment predicted that, because of this deregulation, the number of subscrib-
ers would reach 12 million in 2002, a six-fold increase from 1994. In addition,
the Personal Handyphone System（PHS）service started in 1995, and the num-
ber of its subscribers was expected to reach 38 million by 2010. The phenome-
non of the expanding mobile phone market was not limited to Japan. In
Europe, after the establishment of the GSM digital mobile communications
standard, a mobile service based on the standard started in 1992, leading to
rapid expansion of the market. This move spread to Asia, Oceania, the Near
East, and Africa where a growing number of telecommunications carriers in-
troduced the GSM standard. Nokia and Motorola, the world’s leading manu-
facturers of terminal equipment moved to increase the production of GSM-
based mobile terminals, and Alcatel and Matsushita Communication Indus-
trial entered the market. At that time, 100 million people worldwide were ex-
pected to subscribe to the service by 2000.

In such a market environment, Sanyo succeeded in achieving 30% weight
saving compared to the products of other companies in 1996 by developing
square batteries with a case made of aluminium rather than conventional
stainless steel, and increased their monthly production capacity to５million
units, 40% of which were square batteries. A key to the evolution of the square
battery was Sanyo’s development of an original laser welding technique suit-
able for aluminium. Since other competitors including Matsushita Batteries
and A&TB were two to four years behind Sanyo in switching to aluminium,
mobile phone manufacturers, which then focused on the production of small-
sized, lightweight devices, looked to Sanyo Electric all at once, and Sanyo won
by far the largest share in the square lithium-ion battery market. With the
rapid growth of the mobile phone market, Sanyo’s shipments of lithium-ion
batteries grew; therefore, their share in total domestic shipments increased to
25% in 1997, up 15 points from the previous year, while the share of Sony,
which mainly produced cylindrical batteries for laptops, decreased to 42%,
down 18 points from the previous year. Now, Sanyo was ready to overtake
Sony that had virtually dominated the market for three years since 1991 and
subsequently maintained their large share. Thus, the growth potential of the
market affected the share structure.

In order to cope with Sanyo’s rapid growth in the market, Sony began
beefing up their lithium-ion batteries for mobile phones. Although Sony com-
mercialised square lithium-ion batteries in 1997, they shifted their product di-
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rection to lithium polymer batteries in 1999. They are inferior to lithium-ion
batteries in terms of energy density, but Sony had several good reasons for
their decision. There was a limit to reducing the thickness of a square lithium-
ion battery in view of the sealing technology to prevent electrolyte leakage. In
the lithium polymer battery, however, there was no fear of such a leak because
gel-type solvent was used for the electrolyte, and therefore it was possible to
use laminate films instead of metal films for the case, allowing drastic reduc-
tion in the thickness of the battery. In addition, easy-to-shape laminate films
were particularly suited for the mobile phone market where small and unique-
shaped products are sought. Determining that it would be impossible to catch
up with Sanyo by belatedly entering the square lithium-ion battery market,
Sony decided to shift their product direction to lithium polymer batteries.

Meanwhile, Matsushita Batteries, which was one step behind their rivals
in the development of square lithium-ion batteries with aluminium cases due
to a delayed shift of management resources, also attempted to regain their mo-
mentum with lithium polymer batteries. In 1999, Matsushita Batteries be-
came the world’s first company, ahead of Sony, to succeed in mass-producing
lithium polymer batteries with a thickness of 3.6 mm in a system capable of
producing 500,000 units per month. In the same year, Sony started producing
lithium polymer batteries with a thickness of 3.8 mm, and increased their
monthly production to 3.7 million units the following year. Thus, in the race to
develop lithium polymer batteries, Matsushita Batteries had a head start in
the reduction of thickness, while Sony surpassed their rival in the improve-
ment of energy density.

Although the development of lithium polymer batteries was intended for
the mobile phone market where products became smaller and lighter, conver-
sion from conventional lithium-ion batteries to lithium polymer batteries stag-
nated, because the mobile phone market was shifting its focus of competition
from size to features such as connectivity to the Internet, large display, and
elaborate design, leading to ever-increasing power consumption. While the
market required greater energy density, the value of smaller and thinner lith-
ium polymer batteries was diluted.

In the meantime, Sanyo continuously tried to reduce the thickness of the
aluminium case. Utilizing their original laser welding and sealing techniques
for the aluminium case, Sanyo succeeded in reducing the thickness of their
lithium-ion battery to 4.6 mm in 1998 from 8.1 mm in 1996, and finally, in
1999, took over the lead that Sony had maintained for eight years. With their
subsequent efforts to reduce the thickness, Sanyo ultimately achieved 3.6 mm
in 2000, and the crucial advantage held by lithium polymer batteries became
almost meaningless.

3.4 Macro analysis of patent data
Patent data on lithium-ion batteries was collected from the gazettes pub-

lished by the Japan Patent Office based on the following procedures.
On the target companies, namely Matsushita Batteries, Sanyo Electric,

and Sony, patent data from the period January１, 1993 to December 31, 2004
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was collected. As explained in“Target companies and their backgrounds,”
these three companies were the industry leaders, differed in technological
strategies, and competed with each other within the top three in production
share and number of patent applications, which are the main reasons why
they were selected for this study. In searching for relevant patents, every ap-
plication made by the three companies during this period was searched for by
International Patent Classification（IPC）code H01M10/40, which is used for
batteries with organic electrolyte, and the extracted patents were then classi-
fied into either process innovation or product innovation group. In the classifi-
cation process, process innovation patents were first roughly extracted from
the patent claims, using a series of keywords: production, manufacturing, and
process. Since it was impossible to pinpoint the target data by the keywords
only, the content of each patent extracted was carefully examined to ultimately
determine process innovation patents. Subsequently, after removing the proc-
ess innovation patents from the entire patent data, each of the remaining pat-
ents was carefully examined to determine product innovation patents such as
those on the improvement of product architectures and the development of
new materials. Although less than 1% of the case were borderline, such pat-
ents were also classified into either group by further examining their contents.
Figure１shows the transitions of the number of patents, totals, and the total
number of patents by year and company in the two groups.

Figure 1．The number of patents: 1993-2004

Table 1 shows the total number of patents and the total numbers of proc-
ess innovation patents and product innovation patents within the entire in-
dustry, and the share（incidence of innovation）of the number of process inno-
vation and product innovation patents in the total number of patents within
the entire industry. Figure 2 shows the transition of the incidence of process
innovation and product innovation in graph form. The slope of the incidence
lines plotted in the graph is －0.002 for process innovation patents and 0.014
for product innovation patents, showing that they will gradually intersect in
the near future.
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3.5 Extraction of multi-performers
Table２shows, on an inventor-by-inventor basis, the number of patent ap-

plications made by each company’s inventors who were involved in the inven-
tions throughout the entire period. To create this table, all patent applications
in which the inventers were involved were counted regardless of joint or sole
application. In this table, inventers who account for more than 1% of the cu-
mulative number of inventers within each company are shown. The values
stated with the number of patent applications show the degrees of contribu-
tion made by each inventor to the process innovation as well as product inno-

Table 1．The total number of patents and the total numbers of process

and product innovation patents

Year
Total

number of
patents

Number of
patents
（Product
innovation）

Number of
patents
（Process
innovation）

Rate of the
product

innovation

Rate of the
process

innovation

１９９３ ４３２ ２３９ ９５ ０．５６４ ０．２２４

１９９４ ４５５ ２３０ ８６ ０．５１１ ０．１９１

１９９５ ５０１ ２７４ １００ ０．５５９ ０．２０４

１９９６ ６２４ ３１６ １５２ ０．５１７ ０．２４９

１９９７ ７４８ ３７３ １９２ ０．５０７ ０．２６１

１９９８ １０２８ ５２９ ３１４ ０．５２１ ０．３０９

１９９９ １２０１ ６４９ ３９２ ０．５５０ ０．３３２

２０００ １３７１ ７１６ ３７９ ０．５２７ ０．２７９

２００１ １３６６ ６９４ ４２４ ０．５１５ ０．３１５

２００２ １４２８ ７７７ ４８６ ０．５４８ ０．３４３

２００３ １２９４ ６６４ ４４６ ０．５１９ ０．３４９

２００４ １１２４ ５５３ ３６３ ０．４９２ ０．３２３

Figure 2．The transition of the incidence of process
innovation and product innovation
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vation so that their sum is 100.
In order to determine the top inventors in the number of patents related

to both process innovation and product innovation, principal component analy-
ses were conducted. Table３shows the results for each company. For these
analyses, a technique using correlation matrices, rather than variance-
covariance matrices, was used, because it was necessary to extract inventors
who were positioned between the process innovation and product innovation of
the Abernathy-Utterback Model, bridging the two categories by contributing
equally to both; those who were extremely successful in one category but ac-
complished almost nothing in the other could not be regarded as multi-
performers. Therefore, correlation matrices were employed for the principal
component analyses where the values of both categories are normalized.

3.6 Technology portfolio analysis and results
In the analyses of technology portfolios, the technological strategies of

each company were evaluated, based on the criteria of PS（Patent Share）and
RTA（Revealed Technology Advantage）proposed by Patel and Pavitt（1997）,
and Soete and Wyatt（1997）.

The macro analyses of technology portfolios were first conducted to evalu-
ate the strategic positions of Matsushita Batteries, Sanyo Electric, and Sony
within the entire industry. At the same time, the efforts of the multi-
performers extracted earlier were also analyzed, using the sum of the scores of
the top four in the principal component analyses shown in Table３. From Fig-
ure４to Figure７schematically shows the PS and RTA of the process innova-
tion and product innovation patents of each company within the entire indus-
try.

Table 2．Each company’s inventors

Matsushita Sanyo Sony

Person

Contribution

to the

process

innovation

Contribution

to the

product

innovation

Person

Contribution

to the

process

innovation

Contribution

to the

product

innovation

Person

Contribution

to the

process

innovation

Contribution

to the

product

innovation

Ma－０１ ５０．１５１ ４９．８４９ Sa－０１ ３８．４９９ ６１．５０１ So－０１ ４４．２３７ ５５．７６３

Ma－０２ ５７．５５８ ４２．４４２ Sa－０２ ２６．９４４ ７３．０５６ So－０２ ７５．９２４ ２４．０７６

Ma－０３ ５９．５９３ ４０．４０７ Sa－０３ ７１．１６２ ２８．８３８ So－０３ ５１．２４７ ４８．７５３

Ma－０４ ５３．００３ ４６．９９７ Sa－０４ ８０．６７０ １９．３３０ So－０４ ８０．５４１ １９．４５９

Ma－０５ ６０．３１０ ３９．６９０ Sa－０５ ７２．７５９ ２７．２４１ So－０５ ６５．２９４ ３４．７０６

： ： ：

： ： ：

Ma－３４ ２１．４５２ ７８．５４８ Sa－４１ １３．１７６ ８６．８２４ So－３０ １２．１２４ ８７．８７６

Ma－３５ ２２．４３１ ７７．５６９ Sa－４２ ３１．２８４ ６８．７１６ So－３１ ４３．３９０ ５６．６１０

Ma－３６ ３７．１０４ ６２．８９６ Sa－４３ １４．３０５ ８５．６９５ So－３２ ３１．５０２ ６８．４９８

Ma－３７ ４４．０２７ ５５．９７３ Sa－４４ ０．０００ １００．００ So－３３ ２３．４６５ ７６．５３５

Ma－３８ ３８．７２８ ６１．２７２ Sa－４５ １６．４１５ ８３．５８５ So－３４ １４．７０９ ８５．２９１
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Table 3．Principal component scores

Matsushita Sanyo Sony

Person

Principal

component

score

Person

Principal

component

score

Person

Principal

component

score

Ma－０６ ７．２２８ Sa－０２ １４．０４７ So－０１ ８．８１２

Ma－０１ ６．１４０ Sa－０１ １０．８６６ So－１９ ５．８３８

Ma－０４ ５．１４９ Sa－０９ ６．５２７ So－０３ ５．２９２

Ma－１１ ５．１０３ Sa－０７ ５．５９２ So－２０ ４．９６１

Ma－０２ ４．８６３ Sa－１２ ４．９９５ So－０６ ４．７０７

： ： ：

： ： ：

： ： ：

Ma－１９ １．３３４ Sa－２６ １．３１５ So－３３ １．４４５

Ma－１４ １．２６１ Sa－３２ １．２３５ So－３０ １．３９８

Ma－１７ １．１９２ Sa－４５ １．２１４ So－３４ １．１５２

Ma－１８ １．１９２ Sa－２１ １．１９５ So－１６ １．１４０

Ma－３４ ０．３５０ Sa－４４ １．０７４ So－１８ １．１４０

Figure 3．PS-RTA matrix of Technology portfolio analysis

Figure 4．Company wide PS-RTA of the process innovation patents

Patent Production Process and the Multi-Performers １５３



Figure 5．Company wide PS-RTA of the product innovation patents

Figure 6．Multi-performer’s PS-RTA of the process innovation patents

Figure 7．Multi-performer’s PS-RTA of the product innovation patents
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This figure allows visual confirmation of the difference among the three
companies especially in technological strategies for process innovation patents.
However, little difference is observed among them in technological strategies
for product innovation patents. To verify these findings, a multiple compari-
son was made among the companies as well as the criteria（RTA and RTA）,us-
ing a one-way analysis of variance. Tukey’s test was conducted to examine the
difference between the mean values. Table４shows the results.

Table 4．Results of multiple comparison analysis
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It is important to note in the above table that the company-wide efforts to
promote both process and product innovations are clearly different from those
of the multi-performers. This can be seen from the data showing a significant
difference between Matsushita and Sanyo, and between Sanyo and Sony in
company-wide efforts for process innovation, and a significant difference be-
tween Sony and Matsushita. As for the efforts of the multi-performers for
process innovation, there is no significant difference at all among the three
companies. In company-wide efforts for product innovation, there is no signifi-
cant difference among the three companies. As for the efforts of the multi-
performers for product innovation, although there is no significant difference
between Matsushita and Sanyo, a significant difference can be seen between
Sanyo and Sony, with a significant difference between Sony and Matsushita.
Thus, there are clear differences between company-wide efforts and those of
the multi-performers.

3.7 Methodology of correlation analysis
The values obtained by dividing the annual number of patent applications

shown in Figure１by the number of inventers in each year is defined as patent
productivity. Correlation analyses were conducted for the number of patents
in each company and patent productivity（internal factor analysis）, and among
the number of patents, patent productivity, battery capacity, market achieve-
ment, and incidence of both process and product innovations（external factor
analysis）.

3.8 Internal factor analysis
In Matsushita, a positive correlation（1％）was observed between the num-

ber of company-wide product innovation patents and the number of product
innovation patents from the multi-performers. In addition, a positive correla-
tion（5％）was observed between the number of company-wide process innova-
tion patents and the productivity rate for product innovation patents from the
multi-performers, and also between the number of outputs and the productiv-
ity rate for process innovation patents from the multi-performers, whereas a
negative correlation（5％）was observed between the productivity rate for prod-
uct innovation patents from the multi-performers and the productivity rate for
company-wide process innovation patents. It is assumed from these results
that there is no significant correlation between the number of patents and pat-
ent productivity in Matsushita.

As for Sanyo, a strong positive correlation（1％）was observed between the
number of product innovation patents from the multi-performers and the total
number of patents, and between the number of process innovation patents
from the multi-performers and the total number of patents. A strong correla-
tion（1％）was also observed between the number of process innovation patents
and the number of outputs within the market. Most interestingly, there is a
strong negative correlation（1％）between the number of product innovation
patents from the multi-performers and their patent productivity. Another in-
teresting observation is the positive correlation（1％）between the company-
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wide productivity rate for product innovation patents and the number of out-
puts within the market.

In Sony, although a strong positive correlation（1％）was observed between
the number of company-wide patents and the number of patents from the
multi-performers, no correlation was observed between the number of patents
and patent productivity for either the entire company or the multi-performers.

3.9 External factor analysis
As for battery capacity, both Sanyo and Sony showed a strong positive cor-

relation（1％）between battery capacity and the number of product innovation
patents, and Sony showed a positive correlation（5％）between battery capac-
ity and the number of company-wide process innovation patents. Matsushita
showed a negative correlation（1％）between battery capacity and the number
of process innovation patents from the multi-performers. In the comparison
between battery capacity and productivity, Sanyo showed a positive correla-
tion（1％）, as did Matsushita（5％）, between battery capacity and the produc-
tivity rate for company-wide product innovation patents. None of the three
companies showed a correlation between the battery capacity and the patent
productivity of the multi-performers.

In relation to the incidence of product innovation within the industry, no
significant correlation was observed between the incidence of product innova-
tion and the number of patents or the patent productivity of each company
even though the significance level was reduced to 10%.

In relation to the incidence of process innovation within the industry,
Sanyo showed a positive correlation（1％）between the incidence of process in-
novation and the number of company-wide process innovation patents, while
Sony showed a positive correlation（1％）between the incidence of process in-
novation and the number of company-wide product innovation patents. In ad-
dition, a positive correlation was observed（5％）between the incidence of proc-
ess innovation and the number of company-wide process innovation patents in
Sony, and between the incidence of process innovation and the number of proc-
ess innovation patents from the multi-performers in both Sanyo and Sony.
Characteristically, there is a negative correlation（5％）between the incidence
of process innovation and the number of process innovation patents from the
multi-performers in Matsushita. In relation to patent productivity, although
Sanyo showed a positive correlation（5％）between the incidence of process in-
novation and the company-wide productivity rate for product innovation pat-
ents, no correlation was observed between the incidence of process innovation
and the patent productivity of the multi-performers.

In relation to the number of outputs in each company within the market
and the total number of outputs in the industry, both Sanyo and Sony showed
a positive correlation（1％）between the number of process innovation patents
and the number of outputs, and between the number of process innovation
patents and the total number of outputs within the industry. Sony also
showed a strong correlation between the number of product innovation pat-
ents and the number of outputs, and between the number of product innova-
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tion patents and the total number of outputs within the industry. In addition,
Sanyo is strongly correlated with Sony in numbers of both process and product
innovation patents. While the number of process innovation patents from the
multi-performers in Matsushita is inversely correlated with the total number
of outputs in the industry（5％）, Sanyo and Sony showed a positive correlation
between the number of process innovation patents from the multi-performers
in and the total number of outputs within the industry. It is interesting to
note that there is a negative correlation（5％）between the number of process
innovation patents from the multi-performers in Matsushita and the number
of outputs in Sony. In relation to patent productivity, the productivity rate for
company-wide product innovation patents in Sanyo is positively correlated
with both the number of outputs in Matsushita and Sony and the total num-
ber of outputs within the industry, but no other significant correlations were
observed. As for the patent productivity of multi-performers, Matsushita
showed a positive correlation（5％）between the productivity rate for process
innovation patents of the multi-performers and the number of outputs. An in-
teresting finding is the negative correlation（5％）between the productivity rate
for process innovation patents of the multi-performers in Sanyo and the pro-
ductivity rate for product innovation patents of the multi-performers in Sony.
Otherwise, no significant correlation was observed in the patent productivity
of the multi-performers.

4. Discussion

All in all, no clear correlation was observed between the number of pat-
ents and patent productivity throughout the series of analyses. This result
shows that corporate efforts as reflected in patent productivity, or the propor-
tion of human resources allocated to one patent, are hardly correlated with the
number of patents of each company that directly result from such efforts. The
patent productivity assumed in this study is the“intended strategy”described
by Mintzberg and Waters（1985）, and can be contrasted with the number of
patents that is the“realized strategy”. Indeed, little relevance was observed
between number-based and productivity-based correlations. For example, al-
though Sanyo and Sony showed a positive correlation between the number of
process innovation patents and battery capacity, no correlation was observed
at all between the number of process innovation patents and the productivity
rate for process innovation patents. Sanyo also showed a strong correlation
between the productivity rate for product innovation patents and battery ca-
pacity, whereas no correlation was observed between the productivity rate for
product innovation patents and the number of product innovation patents.

Next, a comparison was made among Matsushita, Sanyo, and Sony. In the
analysis of Sanyo who has recently enjoyed growing stability with the largest
share in the lithium-ion battery market, a clear correlation was observed be-
tween the number of process innovation patents from the multi-performers
and the number of company-wide process innovation patents, and also be-
tween the number of product innovation patents from the multi-performers
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and the number of company-wide product innovation patents. This result sug-
gests Sanyo’s tactic of interlocking their multi-performers with the corporate
strategies, and the strong correlation between the number of company-wide
process innovation patents and both battery capacity and the number of out-
puts also shows their effective utilization of multi-performers for corporate
achievements.

In Sanyo, the productivity rate for product innovation patents is also
closely interlocked with both the battery capacity and the number of outputs,
showing that their technological strategies were effectively implemented even
for some degree of technological interlock. However, one problem is the strong
negative correlation observed between the patent productivity and the num-
ber of product innovation patents from the multi-performers. This suggests
that some sort of inefficiency existed in the product innovation activities of the
multi-performers, which may be attributable to Sanyo’s continuous efforts to
reduce the thickness of the battery case; the reduction of the thickness can be
considered a product innovation, and at the same time a process innovation.
This means that, in the effort to reduce the thickness, the production process
must be considered simultaneously.

In addition, the finding that the multi-performers of Sanyo shift toward
the marginal of the matrix relative to the other companies in the technology
portfolio analyses suggests that the company may not have had a definite di-
rection in their strategic utilization of core human resources in product devel-
opment. Viewing this from a different perspective, it is possible that Sanyo did
not select or concentrate their resources at the multi-performer level, but
rather explored various technological directions at this level, and orchestrated
them as a company-wide strategy. Indeed, Sanyo’s top inventors in the princi-
pal component analyses are less evenly involved in the process innovation and
product innovation patents than those of Matsushita and Sony. This suggests
that the multi-performers of Sanyo were more like specialists specializing in
either type of innovation. It should be pointed out that such specialist multi-
performers may explore various technological directions.

In Sony, meanwhile, the strong correlation between the number of process
and product innovation patents from the multi-performers and the total num-
ber of patents shows that the company succeeded in interlocking their multi-
performers with the corporate strategies, as did Sanyo. A main characteristic
with Sony is that the efforts of both the multi-performers and the entire com-
pany in process innovation are strongly correlated with those in product inno-
vation, showing the company’s integrated efforts in innovation. This is pre-
sumably because Sony placed greater emphasis on the effective utilization of
human resources to compensate for their relatively scarce resources compared
to the other two companies. One concern is that their patent productivity is
vaguely correlated with the number of patents. This means that their in-
tended strategies were not reflected in the results, which is not a desirable
condition for Sony.

However, the results of the technology portfolio analyses show that the
multi-performers of Sony have relatively larger shares in both PS and RTA al-
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though there is wide fluctuation depending on the year. Sony has actively pro-
moted the development of advanced batteries such as lithium polymer batter-
ies, achieving the largest capacity in the industry in 2005, and so these find-
ings suggest that Sony utilizes their multi-performers as a source of diversity.
Furthermore, the strong correlation between the number of patents from the
multi-performers and the number of company-wide patents also shows Sony’s
high efficiency in technological strategies.

Matsushita showed no correlation between the numbers of both process
and product innovations, and battery capacity or the number of outputs. A
strong correlation was observed between the productivity rate for product in-
novation patents and the number of process innovation patents from the multi-
performers, and between the number of product innovation patents from the
multi-performers and the number of company-wide product innovation pat-
ents. These results can be explained by the fact that Matsushita emphasized
the development of lithium polymer batteries. The efforts of their multi-
performers in the development of lithium polymer batteries stimulated proc-
ess innovation within the company, thereby pushing up the number of
company-wide product innovation patents in that field of technology.

Although Matsushita showed a positive correlation between the produc-
tivity rate for company-wide product innovation patents and battery capacity,
a strong negative correlation was observed between the number of process in-
novation patents from the multi-performers and both battery capacity and the
total number of outputs within the industry. Although it is difficult to evalu-
ate the direction of their technological strategies from these results, this incon-
sistency may be attributable to the data used in the analyses, which employed
the capacity of a lithium-ion battery in the existing system and the total num-
ber of outputs within the industry, which also includes the number of lithium
polymer batteries, and so the efforts of the multi-performers were not directly
reflected in the results as their focus of efforts was shifted to the lithium poly-
mer batteries. All in all, no consistency was found in Matsushita’s technologi-
cal strategies including the efforts of the multi-performers. Furthermore, Mat-
sushita’s market performance such as the number of outputs is not clearly cor-
related with either the number of patents or patent productivity, showing the
disjointed situation when they shifted to the development of lithium polymer
batteries.

5. Conclusion and Future work

This study examined the relationship between the strategic roles of multi-
performers and company-wide technological strategies by employing the num-
ber of patents as well as patent productivity in its technology portfolio and cor-
relation analyses. From this examination, the following hypotheses are pro-
posed:

�）Interlocking the efforts of multi-performers with company-wide technologi-
cal strategies may increase the efficiency of implementation.
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It is assumed from their large number of patents that multi-performers play
an important role in steering the direction of technological strategies in each
company. Their organized efforts are highly appreciable, as in the case of Mat-
sushita, if multi-performers lead the core fields of technology that are strategi-
cally consistent with the direction of the company.

However, if it becomes clear that the multi-performers are steering the
technological direction of each company, it means that the company’s techno-
logical strategies themselves are easily predictable. Therefore, the following
hypothesis is proposed:

�）By allowing multi-performers to explore diverse technological directions
without interlocking their efforts with company-wide technological strategies,
it is possible to establish a foundation for renewed technological strategies.

During a sea change, particularly in a technological lifecycle, it is possible
to flexibly cope with changes in technological strategies if each company has
an established system by which highly productive engineers such as multi-
performers play a crucial role in exploring new technological directions. Even
if the efforts of multi-performers are not interlocked with company-wide tech-
nological strategies, the company has an advantage in that the future direc-
tion of its technological strategies is not easily predicted. However, since the
productivity of multi-performers may not be directly reflected in the productiv-
ity of the entire company, obtaining the intended results is not easily guaran-
teed.

For future studies, it is necessary to conduct fact-finding surveys on multi-
performers, because the data used in this study may lack some of the indus-
try’s top inventors in the development of lithium-ion batteries. Although these
inventors are highly productive engineers at the work site, it is not clear if
they are involved in management. Therefore, it is necessary to further exam-
ine the multi-performers extracted for this study to determine their organiza-
tion as well as mental positions within their company. Such examination may
reveal that some of the multi-performers were not very visible within their
company.

Furthermore, regarding the case in which the efforts of multi-performers
were not interlocked with company-wide technological strategies, it is neces-
sary to establish a method for exploring the direction of technological strate-
gies. The potential of new empirical studies is highly anticipated.

Associate Professor, Ritsumeikan University
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