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bstract

We propose an extension of the Gans–Stern [Gans, J.S., Stern, S., 2003. The product market and the market for “ideas”: com-
ercialization strategies for technology entrepreneurs. Research Policy 32 (2), 333–350] framework that includes entry by existing
rms. An incumbent firm possessing complementary assets and strong appropriability is in a formidable position [Teece, D.J., 1986.
rofiting from technological innovation: implications for integration, collaboration, licensing, and public policy. Research Policy
5 (6), 285–305]. However, a de alio entrant can leverage complementary assets to enter along a new technological trajectory, and

hen develop appropriability. We illustrate how several mobile telecommunications firms (Ericsson, Nokia and Samsung) pursued
his strategy to catch up with the market leader (Motorola). We also identify several shortcomings in Motorola’s approach: it was
oo inward-looking in developing technologies, but ironically not inward-looking enough in exploiting its most valuable patents.

2006 Elsevier B.V. All rights reserved.
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. Introduction

In this paper, we explore the role of intellectual
roperty, complementary assets and knowledge flows in
nabling several entrant firms to catch up with Motorola,
he early leader in the mobile telecommunications mar-
et. Motorola initially enjoyed strong appropriability
ver intellectual property (through patents) and pos-

essed the necessary complementary assets (manufac-
uring, distribution, access to customers, branding and
ervices). Based on Teece (1986), this meant Motorola
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was in an enviable position to capture the returns from
its innovations. It is therefore surprising that other firms
including Ericsson and Nokia were subsequently able
to challenge and even overtake Motorola in the mobile
telecommunications market. Why did Motorola stum-
ble, and what strategies did these firms use to compete
against it? What lessons does this hold for managers and
scholars?

We take the entrant’s point of view to consider one
strategy by which a challenger might catch up with (and
possibly overtake) an incumbent controlling both intel-
lectual property and complementary assets. While a de
novo firm will find it difficult to compete, a de alio entrant

can leverage its complementary assets to enter along a
new technological trajectory, then use this beachhead
to strengthen its intellectual property position. Building
upon the knowledge of incumbent firms and other exter-
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Table 1
Global market share of mobile phones (%)

1996a 1997 1998 1999 2000 2001 2002 2003 2004 2005

Motorola 27.0 28.8 23.2 16.9 14.6 14.8 15.3 14.5 15.0 17.9
Nokia 21.0 20.1 24.3 26.9 30.6 35.0 35.8 34.7 29.7 31.8
Ericssonb 12.0 16.2 14.4 10.5 10.0 6.7 6.7c 5.1c 6.1c 6.0c

Samsung 1.0 3.6 4.2 6.2 5.0 7.1 9.8 10.5 12.4 12.2

Source: Deutsche Bank (for 2001), IDATE Mobile (for 2004, 2005), Gartner Dataquest (for all other years).
a Market share data is not available prior to 1996. However Motorola dominated both mobile phones and infrastructure prior to the period shown

(Steinbock, 2003, Chapter 8).
b Ericsson overtook Motorola in mobile infrastructure around 1996. Market share data for mobile infrastructure is not available. However, we

f years
s, Moto
found rankings of mobile infrastructure market share for a number o
Lucent, Motorola, Nokia, Nortel); and 2005 (Ericsson, Nokia, Siemen

c For Sony-Ericsson.

nal sources is a key ingredient to this strategy, so that
the attacker can rapidly develop a defensible intellectual
property position.

To illustrate this strategy, we present a case study of
the mobile telecommunications market, which includes
the manufacture and sale of handsets and infrastructure
equipment for mobile telecommunications.3 Ericsson
overtook Motorola in terms of mobile telecommunica-
tions infrastructure around 1996, while Nokia overtook
Motorola in the mobile handset market around 1998 (see
Table 1). Samsung is a successful recent entrant: while it
held only 4.2% of the global market for mobile handsets
in 1998, by 2004 it had become the third largest firm
in terms of market share. Our study uses both quanti-
tative analysis of intellectual property development and
qualitative analysis of overall firm strategy (Yin, 1994).
In particular, our qualitative research (based on news
and company reports, books and a handful of inter-
views) suggests that the challengers relied initially upon
complementary assets to enter the market. This intu-
ition is reinforced by our quantitative analysis of US
patents granted to these firms between 1976 and 2004,
which shows that the attacking firms only began to patent
aggressively after they had become major threats to the
incumbent, implying that they initially relied on com-
plementary assets and other means to catch up, rather

than building a strong arsenal of intellectual property to
challenge the incumbent. The quantitative analysis also
shows that attacking firms relied heavily on knowledge

3 Our study focuses on the mobile telecommunications market, rather
than on the broader mobile telecommunications industry, which also
includes upstream semiconductor suppliers, downstream carriers and
service providers (e.g. AT&T) and firms specializing in content and
multimedia. In 2005, the global mobile phone market was estimated
at US$ 110 billion, while the mobile network equipment market was
around US$ 34 billion (source: IDATE, 2006).
: 1997 (Ericsson, Motorola, Nokia, Lucent, Nortel); 1999 (Ericsson,
rola, Nortel). Source: Burnham (2002) and IDATE (2006).

spillovers from the leader and other external sources to
create their own patented innovations, and that only after
becoming a leader did the attacking firm begin to reduce
its reliance on the former leader and to develop a strong
patent portfolio.

Motorola’s failure to sustain its leadership position
is often blamed on its failed attempt to commercialize
its Iridium mobile network based on satellite technology
(e.g. see Finkelstein and Sanford, 2000 and Lashinsky,
2004) as well as on fears of cannibalization and organiza-
tional issues (Macher and Richman, 2004). Through our
regression analysis, we offer additional reasons for why
Motorola might have lost its market leadership position.
Firstly, Motorola was more inward-looking in devel-
oping its technology than its key competitors. This is
reflected by Motorola’s high self-citations rates, even
after controlling for its larger share of mobile patents. As
such, Motorola may have been less sensitive towards the
latest technical change and its competitors’ moves. Sec-
ondly, Motorola was paradoxically not inward-looking
enough where its own high impact patents are con-
cerned. Ericsson and Nokia generated many inventions
that built upon Motorola’s core patents, and seemingly
more so than Motorola: many of Motorola’s most valu-
able patents were cited more heavily by its competitors
than by Motorola itself. If self-citation is an important
indicator of a firm’s capability to appropriate the returns
from its inventions as suggested by Trajtenberg et al.
(1997), Motorola did not do enough to exploit its core
technologies.

Our results lead us to suggest refinements to existing
management models. In industries such as telecommu-
nications, it is difficult to compete head-on with the

existing market leader. One possible strategy for a chal-
lenger to pursue is to leverage its complementary assets
to exploit a new technological trajectory (e.g. during the
transition from 1G to 2G in mobile telecoms), and then
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einforce its attack by developing unique technological
apabilities. Building upon the knowledge of incum-
ent firms and other external sources is essential, so
hat the attacker does not end up being just a “copy-
at”, but instead is able to rapidly develop a sustainable
usiness based on innovative technologies that it can
atent and defend. Such a strategy may only be feasi-
le for entrants that already have complementary assets
as is the case with Ericsson, Nokia and Samsung). Fur-
her work is needed to explore under what conditions
his approach works, and whether alternative strategies
re also viable. From the perspective of the incumbent,
ur analysis shows that possessing intellectual property
nd complementary assets is not enough: the firm should
ggressively exploit its own technological “crown jew-
ls” and monitor whether rivals are also doing so.

In the next section of this paper, we explore the
ynamics of market entry and how it relates to Teece
1986) and the Gans–Stern (2003) framework. We then
llustrate the strategy described above in the context
f the mobile telecommunications market. Section 3
escribes the data and methodology used for our quanti-
ative analysis, Section 4 presents the results, and Section
contains a discussion and our conclusions.

. The dynamics of entry and catch up

Many studies have examined why incumbent firms
n technology-intensive markets may lose their domi-
ant positions to entrants. One major issue is the reluc-
ance of incumbent firms to cannibalize rents from older
echnologies when faced with newer ones (Reinganum,
983; Arrow, 1962). Other factors include organizational
nertia (Hannan and Freeman, 1984), “competence-
estroying” innovation which causes the skills of the
ncumbent to become obsolete (Tushman and Anderson,
986), and architectural innovation which may delay
he incumbent’s response due to its entrenched problem
olving routines (Henderson and Clark, 1990). When the
nvironment changes, a firm could fall into competency
raps (Levitt and March, 1988) and see their core capa-
ilities transform into rigidities (Leonard-Barton, 1995).

The early literature viewed entry as head-on tech-
ological competition between entrant and incumbent,
ncluding the sizeable stream of research on patent races
e.g. Gilbert and Newbery, 1982). Teece (1986) added
omplementary assets as an important dimension to con-
ider alongside patents and intellectual property, thereby

uggesting that the returns to R&D are a function of both
ntellectual property and complementary assets. Accord-
ng to Teece, complementary assets may include com-
etitive manufacturing, distribution, service and com-
35 (2006) 1147–1165 1149

plementary technologies. One approach for competi-
tors/imitators to catch up with an innovator is by deploy-
ing superior complementary assets (Teece, 1986, pp.
285–290). Complementary assets are especially impor-
tant for challenger firms when appropriability is weak
and during the later stages of a technology, after the emer-
gence of a “dominant design” (pp. 291–292). Another
important insight from Teece (1986) that deviates from
the earlier literature is that it is sometimes better for
the competing firm to cooperate with the innovator, for
example through contracts and licensing agreements,
rather than trying to compete head-on, particularly when
the innovator has strong appropriability over its tech-
nology and the complementary assets are available in
competitive supply (Teece, 1986, p. 293).

The conditions that shape competition and coopera-
tion are further examined by Gans et al. (2002). A key
insight from their work is that industry conditions (the
strength of intellectual property protection and who owns
complementary assets) affect market-level outcomes: the
probability of entrepreneurial firms cooperating with
industry incumbents, and therefore how they might enter
specific market segments. The choice is about “entering
the product market—a competition strategy, or selling
the innovation to an incumbent—a cooperation strategy”
(Gans et al., 2002, p. 573).

Gans and Stern (2003) developed this insight into a
valuable conceptual model of how entrepreneurial firms
can commercialize new technologies. As illustrated in
Fig. 1, industries where the entrant possesses strong
appropriability while the incumbent controls comple-
mentary assets (such as biotechnology) offer the best
chance for an “ideas factory” to emerge, in which
the entrant cooperates with the incumbent. In indus-
tries with strong appropriability and in which incum-
bent firms do not control critical complementary assets,
the entrant can compete head-on (“greenfield competi-
tion”). In industries with weak appropriability and in
which incumbents do not control the complementary
assets, the entrant faces a level playing field and should
quickly develop competence-destroying innovations (the
“attacker’s advantage”). Finally, in industry with weak
appropriability and in which existing firms control crit-
ical complementary assets, the entrant is in a very vul-
nerable position. In such situations, the incumbent can
re-engineer its own version of the entrant’s idea, hence
cooperation is rare and can only occur if the incum-
bent is willing to invest in building a reputation for

cooperation.

Do other opportunities exist for entry when the incum-
bent has a strong intellectual property position and owns
many of the complementary assets? An assumption in
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ans–Ste
Fig. 1. Proposed extension of the G

the Gans–Hsu–Stern model is that the entrant is de novo
and joins the market as an entrepreneurial startup, with a
valuable invention but few complementary assets (these
are owned by the incumbent). We propose that their
framework can be usefully enhanced by also consider-
ing de alio entry, or entry by existing firms. Research
shows that the pre-entry experience of such firms can
improve their survival rates when entering new markets
(Agarwal et al., 2004; Carroll et al., 1996; Helfat and
Lieberman, 2002; Klepper and Simons, 2000). Unlike
de novo entrants, de alio entrants have access to person-
nel, technology and other complementary assets that are
beneficial especially in the initial stages of entry (Carroll
et al., 1996), although they may be hampered by inherited
organizational routines (Khessina, 2002). While prior
research has usefully focused on comparing the perfor-
mance of de novo and de alio entrants, an implication of
Gans and Stern (2003) is that de novo entry is rare when
the incumbent firm has strong positions with regards to
both intellectual property and complementary assets. We
suspect that when both of these are costly and difficult
to acquire, de alio entry may be the only feasible entry
mode.
Our proposed extension to the Gans–Stern framework
is illustrated in Fig. 1. The de alio firm enters a market
by leveraging its existing complementary assets. This
allows it to develop an initial beachhead in the market,
rn model (Research Policy, 2003).

and is consistent with Teece’s (1986) idea of competing
through superior complementary assets. The alternative
strategy – of initially building an intellectual property
portfolio to trade with the incumbent or to compete with
it directly – is risky and does not make use of the de alio
entrant’s prior strengths. In addition, developing a strong
intellectual property portfolio may take time, especially
given the cumulative nature of knowledge and the incum-
bent’s head start in R&D. In attempting entry, it would
additionally benefit the de alio firm to ride upon a new
technological wave, particularly if the new technology is
competence-destroying (Tushman and Anderson, 1986)
or serves a market with new demand conditions (Adner,
2002; Christensen and Bower, 1996).

After establishing an initial market beachhead, the
challenger’s main worry is sustainability. In technology-
intensive markets it is difficult to compete head-on
against an incumbent with high appropriability, just
by owning complementary assets. According to Teece
(1986, Fig. 11), in such situations the incumbent will
win, although it may have to share some of its profits
with the complementary asset holder. In order to catch
up with (or even surpass) the incumbent, we propose

that the challenger should rapidly build up a defensible
intellectual property portfolio of its own, moving from
the top-right to the bottom-right area of Fig. 1. To do so
fairly quickly, it has to rely extensively on knowledge
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pillovers from the incumbent as well as other sources
universities, research consortia, other firms). Being
ocused on learning from the best available external tech-
ology, including the technological “crown jewels” of
he incumbent, is important. This will allow the chal-
enger firm to create novel, valuable inventions that it
an patent and defend. Thus, the challenger should not
ust be a copycat or rely exclusively on complementary
ssets, but should build new and innovative products and
ervices in order to compete effectively. For this strategy
o work, the initial resource endowment of the de alio
rm has to be carefully used to create the initial foothold

n the market and subsequently invested into the R&D
equired to build up a strong intellectual property port-
olio.

Below, we illustrate how several firms in the mobile
elecommunications market used this approach to over-
ome the initially formidable position held by Motorola
n mobile telecommunications.4 We emphasize that we
ffer an illustration, not a “proof”. Future work will be
eeded to examine whether this strategy is applicable
n other settings, and whether other strategies are feasi-
le. In the remainder of this section, we summarize the
trategies pursued by each firm attempting to catch up
ith the incumbent. This analysis is based on news and

ompany reports, prior research studies, books, and a
mall number of interviews with executives.

.1. The mobile telecommunications market5

The mobile telecommunications market presents an
nteresting case of entry consistent with the approach
escribed above. Both intellectual property and com-
lementary assets are important for mobile telecom-
unications. Patent disputes during the 1980s between

otorola, Nokia and Tandy emphasized the impor-

ance of intellectual property to the market participants
Steinbock, 2001, p. 188). Complementary assets of
mportance in this competitive setting include manufac-

4 It might be argued that Ericsson, Nokia and Samsung are not strictly
e alio entrants. This largely depends on how broadly one defines
he “market”. As discussed in Section 2.1, Ericsson and Nokia began
roducing analog mobile cell phones around 1981, while Samsung
egan around 1983. Prior to this, Nokia and Samsung operated in
ther industries and other segments of the telecommunications indus-
ry. Ericsson began producing radio equipment around 1919, so it is
ebatable whether it was a de alio entrant or a non-entrant. However,
ll three firms were “existing” firms at the point of entry into mobile
ell phones and equipment, not de novo entrants.
5 This section draws upon the work of Steinbock (2001, 2003), Ong
nd Jeden (2002), Echikson (1994), Adner (2003), Lashinsky (2004),
nd various online sources and company websites.
35 (2006) 1147–1165 1151

turing capability, complementary technologies, brand-
ing and marketing. The strong need for interoperability
and more recently, multimedia content, implies that net-
work externalities are probably important (McGahan et
al., 1997). Hence, access to an installed base of users
is also important. Access to telecommunications mar-
kets is geographically segmented, and as seen below,
access to these markets is shaped by government poli-
cies, prior experience operating in various markets, as
well as strategic partnerships.

The early leader in both mobile handsets and infras-
tructure was Motorola. It remained dominant till the
late 1990s, after which Ericsson, Nokia and Samsung
caught up with it. We observe no de novo entrants that
became highly successful in the mobile telecommunica-
tions market.6 However, a number of de novo entrants
did emerge upstream and downstream; they cooperated
with the incumbents as “ideas factories”. For example,
Qualcomm pioneered a new type of technology (spread
spectrum or CDMA) and its main commercialization
strategy was to license this intellectual property to many
mobile telecommunications firms. Downstream entrants
include those providing multimedia content for mobile
telephony and telecommunications services firms.

Motorola was founded in Chicago, Illinois, in 1928.
It began as a supplier of car radios and two-way police
radios. With the help of large military contracts dur-
ing the World War II, Motorola expanded into semi-
conductor, microprocessor chips, electronics, satellite
communications, and telecommunication. Motorola pio-
neered and dominated analog (1G) mobile technology.
In 1973, it demonstrated the DynaTAC, the world’s
first commercial portable telephone; in 1989, it intro-
duced the MicroTAC, which was the smallest and lightest
mobile phone on the market at that time. Unfortunately,
Motorola was slow to make the transition from 1G to
2G (digital) technology (Macher and Richman, 2004).
After digital mobile phones took off, Motorola attempted

to address the market with its own digital phones, but it
was too late and a large share of the market was competed
away by Nokia and Ericsson.7 By year 2000, Motorola’s

6 As of 2001, the firms with the largest market shares worldwide in
mobile telephony were Nokia (35%), Motorola (15%), Ericsson (7%),
Samsung (7%), Siemens (7%), Kyocera (4%), Panasonic (4%) and
others (21%). Source: Micrologic Research.

7 Motorola continued to rely heavily on analog mobile phone models,
so it even lost market leadership in its home country in 1997 when
Ericsson and Nokia became No. 1 and 2, respectively, in the US market
(Collis, 1999). In 1998 when AT&T initiated the massive rollout of its
Digital One Rate plan, Motorola did not even have a digital mobile
phone ready.
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market share of mobile handsets slid to only around 15%
(Table 1). Moreover, its US$ 5 billion investment into its
Iridium satellite-based mobile telephony system ended
up a failure (Finkelstein and Sanford, 2000). Around
1999, Motorola went through a series of reorganization
efforts (BusinessWeek, 1998), changing its strategy in
the new millennium so that it is only now starting to
regain market share.

Ericsson’s history dates back to 1876 when Lars Mag-
nus Ericsson opened a small repair workshop for tele-
graph equipment in central Stockholm. It grew into a
leading manufacturer of telephone equipment. Its ini-
tial entry into radio-based telephony was due to a 1919
stake in SRA, a Swedish company that built radio trans-
mitters and receivers (Steinbock, 2003, p. 255). In 1981,
it began to build mobile telephone networks based on
analog (1G) technology, the NMT450. In the 1990s,
two factors helped Ericsson to develop a strong posi-
tion in mobile telecommunications. Firstly, the Euro-
pean Union decided to support GSM (Global System
for Mobile Communications, a key 2G cellular stan-
dard) and this helped Ericsson to capture worldwide
leadership in mobile infrastructure equipment, with a
40% market share around 1996. Secondly, Ericsson was
able to leverage its strength in complementary technolo-
gies to expand its share of the mobile phone market
(Steinbock, 2003, Chapter 9). Ericsson initially focused
on the fixed line infrastructure equipment, but later
entered the mobile infrastructure business after Motorola
demonstrated its commercial viability. Ericsson’s sales
of fixed line infrastructure equipment gave Ericsson
access to many diverse geographic markets including
Saudi Arabia, Taiwan (where it put in place the world’s
largest paging system) and the United States. Interest-
ingly, it initially entered the US market in the 1980s
through joint ventures and partnerships as an equipment
supplier, and only after becoming dominant in that sector
did it begin selling mobile phones through a successful
joint venture with General Electric (Steinbock, 2003, p.
262). Unfortunately, toward the end of the 1990s, Erics-
son’s market position in mobile handsets eroded due to
a misplaced strategic bet on “the office of the future”. In
April 2001, Ericsson announced job cuts of 12, 000, or
11% of its staff (Economist, 2001). The mobile phone
unit merged with Sony’s in October 2001. In contrast
to mobile phones, Ericsson has been more successful in
selling mobile infrastructure, and it was the leading pro-
ducer of mobile infrastructure between 1997 and 2005

(IDATE, 2006).

Nokia was founded in Finland in 1865 as a paper
mill. The merger of three Nokia constituent companies
during 1966–1967 gave birth to an industrial conglomer-
y 35 (2006) 1147–1165

ate with five major business divisions—forestry, rubber,
cable, electronics, and electricity generation. By 1987,
consumer electronics had become Nokia’s largest busi-
ness area, but in the early 1990s it was forced by eco-
nomic difficulties to drop other activities and focus on
mobile telecommunications (Steinbock, 2001, p. 81).
Nokia started making mobile phones in 1981. Like Eric-
sson, Nokia benefited from its involvement in the analog
NMT mobile phone system in the 1980s and the EU
decision to make GSM technology mandatory in Europe
(Burgelman and Meza, 2003). By 1991, Nokia had
become Europe’s largest and the world’s second largest
mobile phone manufacturer. In 1998, Nokia surpassed
Motorola to become the world leader in mobile phones.
It is reported that Nokia’s success is due to the innovative
designs of its phones and strong branding and market-
ing, particularly following a ramp-up in the 1993–1995
timeframe (Adner, 2003; Steinbock, 2001, pp. 269–279).
According to Steinbock (2001, p. 140), Nokia pursued
a strategy of commercializing “disruptive” technologies
and using these to penetrate global markets by entering
new niches, and then expanding beyond these niches. As
an aggressive competitor, Nokia rolled out more than 30
new mobile phone models during the 12 months between
July 1997 and July 1998 (Collis, 1999).

Samsung is a diversified Korean conglomerate, with a
strong presence in electronics and telecommunications.
Samsung Electronics was founded in 1969 and is now
one of the largest manufacturers in Korea. Samsung’s
competitive advantage lies in its formidable manufac-
turing capability and its ability to compete on low cost
(Yu, 1998). It began developing mobile phones in 1983,
with the first product shipped around 1988 (Lee and Lee,
2004). Starting around 1994, it embarked upon a strat-
egy of combining low prices with heavy advertising. This
included TV advertisements featuring famous actors and
sending executives to visit distributors across Korea to
persuade them to switch from Motorola (then the mar-
ket leader with around 52% of the Korean market) to
Samsung. As a result, Samsung increased its share of
the Korean mobile phone market from 25.8% in 1994 to
51.5% in 1995 (Lee and Lee, 2004). It later expanded
this branding strategy globally, sponsoring events such
as the 1996 and 2000 Olympics, and incorporating prod-
uct placements into popular movies like The Matrix (Lee
and Lee, 2004). However, it only became highly success-
ful in mobile telephony after 2000, during the transition
from 2G to 3G technology that emphasizes multimedia.

This is complementary to its core technological strengths
in electronics: LCD panels, television technology and
video processing technology (Euromonitor, 2005). In
1999, Samsung launched the world’s first mobile phone
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ncorporating a television, and in 2000 it launched the
orld’s first mobile phone with built-in videoconferenc-

ng capabilities (BusinessWeek, 2000).
These company profiles illustrate how complemen-

ary assets (branding, complementary technologies,
ccess to customers in new markets) facilitated entry by
rms riding waves of new mobile telecommunications

echnologies. Each firm was not a de novo entrant, but
rought with it skills, customers, and expertise from the
ast. In the next section, we dig deeper to explore how the
ntellectual property portfolio of each firm and patterns
f knowledge flows shaped the competitive dynamics of
he market.

. Data and method

Our dataset consists of US patents issued to Motorola,
ricsson, Nokia and Samsung by the US Patent and
rademark Office (USPTO) from 1976 to 2004. We
hose USPTO patent data for two reasons. First, the US
s the largest and most competitive telecommunications

arket in the world. Thus, it is imperative that firms
ompeting in this market obtain US patents protection
or all their key inventions. Second, the USPTO has the
argest collection of patents in the world, with extensive
overage of mobile telecommunications technology. As
uch, US patent data is one of the best available measures
f innovation output for this technology, and one that is

easonably comparable across firms.

Apart from mobile telecommunications, each firm is
nvolved in a number of other businesses. Fig. 2 presents
he bias-adjusted Herfindahl Concentration Index across

ig. 2. Bias-adjusted Herfindahl index of patent concentration across
hree-digit patent classes (issue year). (a) Herfindahl index (HHI) =

J

j=1(Nj/N)2, where a set of N patents falling into J patent classes,
ith Nj patents in each class. As shown by Hall et al. (2001), the
HI measure is biased upward when the number of patents on which

t is based is small. They provided an unbiased measure of the true
oncentration: HHI adjusted = (N HHI − 1)/(N − 1). (b) Before 1990,
he small number of patents makes the curves erratic, which is thus not
hown. (c) Based on current primary class.
35 (2006) 1147–1165 1153

all patent classes for each company. It shows how con-
centrated patents are across classes within each firm, not
the concentration of each firm’s patents across the indus-
try. While Ericsson and Nokia concentrate a great deal of
their innovation effort in a small number of technological
classes, Motorola and Samsung are more highly diversi-
fied into other technological fields. Hence, there is a need
to constrain our analysis to the patents of each firm that
are of direct relevance to mobile telecommunications.
We follow Tong (1999)8 in focusing on patents having
one of the four primary patent classes relevant to mobile
telecommunications: class 370 (Multiplex Communica-
tions), class 375 (Pulse or Digital Communications),
class 379 (Telephonic Communications), and class 455
(Telecommunications). We then searched every patent
document of the four companies in these classes (370,
375, 379 and 455) for keywords9 relating to mobile
telecommunications, and found these to constitute 87.2,
74.4, 75.1 and 91.2% of the patents in each class, respec-
tively. Thus, it appears that constraining our analysis to
the patents in these four US patent classes provides a
reasonable proxy for each firm’s mobile telecommuni-
cations patents, and in this paper we shall refer to them
as “mobile patents”. Of the 42,285 patents awarded to
the four firms in our sample (1976–2004), 10,224 are
mobile patents.10

We analyzed patent citations to trace knowledge flows
across firms. This approach is widely used in a large num-
ber of studies, including Singh (2005), Rosenkopf and
Nerkar (2001) and Jaffe et al. (1993). Several authors
including von Wartburg et al. (2005) and Jaffe and

Trajtenberg (2002) discussed the insights that can be
derived through patent citation analysis, along with the
issues involved. The analysis of backward citations (cita-

8 While Tong (1999)’s study covered only a brief period between
1996 and January 1999, we are able to explore the dynamics of com-
petition over a much longer period. These technological classes may
also include patents for fixed line telephony in addition to those for
mobile telecommunications, but they are not mutually exclusive tech-
nologies.

9 We searched for patents matching any of these keywords: mobile,
wireless, cellular, cell, base station, paging, handset, AMPS, NMT,
CDMA, GSM, TDMA, PDC, GPRS, and EDGE. As such, our dataset
includes patents pertaining to mobile handsets, as well as other tech-
nologies used for mobile telecommunications, including switching
equipment, multimedia, and satellites.
10 Mobile patents constitute 56% of Ericsson’s and 50% of Nokia’s

patents, whereas they only represent 22% of Motorola’s patents and
8% of Samsung’s patents. Furthermore, there is a large increase in the
percentage of mobile patents since 1990 for Ericsson and Nokia, but
not Motorola and Samsung. Therefore, the higher Herfindahl Concen-
tration Index of Ericsson and Nokia as shown in Fig. 2 can be largely
explained by their increasing focus on mobile telecommunications.
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tions made to other patents by the focal patent) can be
used to identify relevant prior art and map knowledge
flows. If patent B cites patent A, this suggests patent
B builds upon the knowledge in patent A. In contrast to
backward citations, the forward citations to a patent refer
to other patents that cite the focal patent. Counts of for-
ward citations are an indication of a patent’s impact and
economic value (Hall et al., 2005; Harhoff et al., 2003;
Fleming and Sorenson, 2001). In this paper, we add a
refinement to the forward citation analysis: we identify
the most highly cited patents of each firm and study the
citation patterns to these high impact patents. This offers
a way to identify the degree to which each firm builds
upon its own technological “crown jewels” as well as
those of other firms.

Patent applicants have a legal duty to recognize all rel-
evant prior art, with the possibility of legal prosecution if
found to deliberately omit or conceal such citations. The
decision to include citations is also influenced by patent
examiners, who are experts in the relevant area. The role
of patent examiners in patent citations suggests these
citations are less likely to be “contaminated” by personal
preferences over whom to cite than other bibliographic
data such as citations in academic papers (Trajtenberg,
2001, p. 383). However, citations introduced by patent
examiners may also distort the analysis (Alcácer and
Gittelman, 2004),11 but as with most other studies we
are unable to explore this issue in depth because data
on examiner citations are not easily available for patents
issued prior to 2001 which constitute the majority of our
sample.

There are several other limitations of using patent
data and patent citations (Griliches, 1990; Jaffe et al.,
1993; Jaffe and Trajtenberg, 1999; Hall et al., 2001). Not
all inventions are patentable: they must be novel, non-
obvious, and have commercial application. Moreover,
there is a large variation across industries in the degree to
which firms rely upon patenting and other forms of intel-
lectual property protection such as secrecy, trademarks
and copyrights (Levin et al., 1987; Cohen et al., 2000).
Fortunately, these are not serious concerns in our paper,

which focuses on a single market – mobile telecommuni-
cations – with a very high patenting intensity. A separate
issue is that patent citations may only track a small per-

11 If patent examiners introduced a citation instead of the inventor of
a patent, it is uncertain whether there was any knowledge flow from
the cited patent to the inventor of the citing patent. Also, differences
across examiners could lead to variations in forward citation counts
unrelated to the quality of a patent. However, we have no reason to
expect a bias among patent examiners towards Motorola or the other
firms that might bias our sample in a systematic way.
y 35 (2006) 1147–1165

centage of knowledge flows (Agrawal and Henderson,
2002). Despite being an imperfect measure of knowl-
edge flows, patent citations are one of the few measures
available, and so form a pragmatic choice. While rec-
ognizing the limitations of using patent citation data,
we believe our results corroborate with the accounts of
others who have studied this market, while raising new
questions about the degree to which the incumbent in this
case failed to capitalize on its most highly cited patents.

A separate limitation of patent data arises due to the
use of each patent’s issue year instead of application year
in our analysis. A patent’s application date is probably
closer to the date of invention than its issue date. Hence
the application date is preferred for tracing knowledge
flows via citation analysis. Unfortunately, many of the
patents applied for after 2000 had not yet been issued by
end-2004, leading to right-truncation in our sample and
consequently, difficulties in calculating the patent stocks
of each firm. Moreover, the counter-factual we are test-
ing against is whether firms built up intellectual property
portfolios as bargaining chips and then leveraged com-
plementary assets, rather than vice versa. Only after a
patent is issued is it a credible bargaining chip. Thus,
in this paper we present the results using each patent’s
issue year, although it is reassuring that the regression
results in Tables 6 and 7 are similar (although statistically
slightly weaker) using the application year instead.

4. Results

We begin with an analysis of each firm’s patent stocks
(Section 4.1), followed by an analysis of backward cita-
tions (Section 4.2) and of each firm’s high impact patents
(Section 4.3). Regression results are presented in Section
4.4.

4.1. Patent stock analysis

Table 2 shows patent counts for each firm in the four
mobile patent classes (370, 375, 379, and 455). Motorola
was dominant in the 1980s and most of the 1990s. Eric-
sson and Nokia began to catch up with Motorola in
the late 1990s. By 1999, Ericsson overtook Motorola
in the number of mobile patents granted, while Nokia
overtook Motorola around 2002. Interestingly, we do
not observe a surge in patenting by Ericsson leading
up to its introduction of GSM technology around 1987,
nor do we observe Nokia patenting aggressively prior

to it becoming the market leader around 1998. This is
consistent with industry accounts on the importance of
complementary assets as the determinant of catch up
by Ericsson and Nokia (support for GSM technology
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Table 2
Mobile telecommunications patents 1976–2004

Issue
year

Motorola Ericsson Nokia Samsung Total

1976 23 13 36
1977 31 10 41
1978 14 16 30
1979 13 7 20
1980 23 1 24
1981 16 4 20
1982 17 5 22
1983 31 4 35
1984 42 4 46
1985 34 8 42
1986 43 12 55
1987 50 13 2 65
1988 41 6 1 1 49
1989 57 8 3 68
1990 59 12 5 76
1991 90 13 2 14 119
1992 130 27 9 11 177
1993 197 37 16 16 266
1994 210 51 27 19 307
1995 228 70 49 19 366
1996 299 141 59 34 533
1997 259 110 61 22 452
1998 355 251 146 82 834
1999 302 396 198 134 1030
2000 373 472 197 109 1151
2001 246 415 209 141 1011
2002 215 442 256 162 1075
2003 189 433 295 168 1085
2004 244 359 402 184 1189
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Table 3
Forward citations per mobile patent

Issue year of
cited patent

Motorola Ericsson Nokia Samsung

1976 13.96 4.69
1977 14.58 11.90
1978 28.71 7.37
1979 7.77 4.00
1980 14.43 10.00
1981 19.06 6.00
1982 16.53 6.40
1983 15.03 11.50
1984 20.07 6.25
1985 20.94 5.38
1986 22.37 9.08
1987 35.52 9.00 5.50
1988 34.00 7.67 7.00 9.00
1989 35.60 4.38 13.33
1990 21.90 21.17 11.40
1991 25.00 33.31 8.00 8.79
1992 26.98 35.52 35.56 9.00
1993 19.99 35.05 23.00 6.00
1994 18.62 30.71 21.00 11.21
1995 18.80 18.94 20.08 10.42
1996 14.06 24.35 22.02 15.06
1997 11.25 18.33 18.16 12.32
1998 10.62 13.14 13.34 4.76
1999 8.34 9.82 9.18 4.05
2000 5.51 6.55 7.40 3.15
2001 3.83 4.12 4.72 2.52
2002 1.54 2.54 2.41 1.91
2003 0.60 0.96 0.85 0.57

Table 3 shows the average number of citations
received per mobile patent for each of the four compa-

12
otal 3831 3340 1932 1121 10,224

ote: A patent is identified as “mobile patent” if its current primary
S class is 370, 375, 379 or 455.

n Europe, the shift towards design and marketing as the
asis of competition). Given the time lag between inven-
ion and patenting, it is possible that Motorola may have
een overtaken earlier than suggested by the patent data.
owever, from the data in Table 2 it is unlikely that Eric-

son and Nokia were able to amass patent stocks close
o the cumulative numbers built up by Motorola prior to
vertaking Motorola in market share. Our results suggest
hat rather than building up an arsenal of patents to com-
ete against or to bargain with the incumbent, Ericsson
nd Nokia relied on other means for their initial success,
nly after which did they begin to develop substantial
atent portfolios.

The story with Samsung appears slightly different.
able 2 shows a sharp increase in the number of patents

warded to Samsung beginning around 1999. While this
ppears early relative to its increase in market share
round 2003, it is much later than the ramp-up in mar-
eting and advertising that occurred around 1994 as
2004 0.05 0.04 0.07 0.05

All years 12.12 7.68 6.12 3.23

reported in Section 2. The total stock of Samsung’s
patents by year 2004 is small relative to its number three
position in terms of market share. Through additional
analysis, we discovered that many of Samsung’s mobile
patents cover video technology (such as for encoding,
decoding and compressing video signals). This rein-
forces the qualitative analysis in Section 2 and suggests
that Samsung’s entry was partly based on a strategy of
differentiating through multimedia content. We now turn
to citation analysis to examine knowledge flows across
firms.

4.2. Citation analysis
nies. This provides a measure for the average impact

12 It would be interesting to examine the backward citations by these
patents to those of other organizations. As there are over 300,000 such
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of each firm’s patents. The decline in the number of for-
ward citations after 1997 is likely caused by truncation
of the citation data (see Hall et al., 2001 for a discus-
sion). For earlier periods, truncation is not an issue, and
Table 3 illustrates how Motorola dominated initially but
saw Ericsson and Nokia catching up with it in terms of
their average patent quality by the early 1990s.

Fig. 3a–e are backward citation charts for the
four companies covering five periods (1981–1985,
1986–1990, 1991–1995, 1996–2000, and 2001–2004).
The arrows in the figures are percentages of each firm’s
backward citations made to other firms. For example,
in Fig. 3c, 24.19% of Ericsson’s backward citations are
to Motorola’s patents, while only 1.73% of Motorola’s
backward citations are to Ericsson’s patents. The fre-
quency with which a company’s patents cite those of
another firm is a proxy for the intensity of knowledge
flows from the cited company to the citing company;
the frequency of self-citation is an indicator of knowl-
edge accumulation within a company (i.e., a company’s
new patented inventions that are based on its own prior
knowledge). As shown in Fig. 3a, Motorola dominated
the first period with 140 patents, Ericsson had only 25
patents, and there was no citation link between Ericsson
and Motorola. But, this first period is also quite likely to
be affected by missing data—Ericsson might have learnt
from Motorola’ pre-1976 patents.

During the second period (Fig. 3b), Ericsson began
to learn from Motorola, and Motorola became more
inward-looking, as evidenced by heavy self-citations
(20.4% for 1986–1990 versus 11.4% for 1981–1985).
Nokia began to build a patent portfolio with just six
patents, citing its own prior innovations but making no
citations to Motorola or Ericsson. During the next period
(1991–1995), Ericsson and Nokia learnt intensively from
Motorola, with 24.2 and 16.4% of their patent cita-
tions, respectively, made to Motorola (Fig. 3c). Motorola
became even more inward-looking, with a self-citation
rate of 30.6%. Motorola began citing Ericsson’s patents,
but not Nokia’s.

During the period 1996–2000,13 Ericsson and Nokia
continued to learn extensively from Motorola, but the

citations made by Ericsson to Motorola fell from 24.2
to 15.6% (see Fig. 3d). Motorola paid closer attention to
Ericsson (evidenced by increased citations to Ericsson),

citations involving many organizations, including many that have mul-
tiple name variations as recorded by the US Patent Office, we leave
this as a future research opportunity.
13 We performed additional citation analysis covering 1996–1998,

and our results are almost identical to that of Tong (1999), thus vali-
dating the reliability of our data and analysis.
Fig. 3. (a) Backward citation chart for mobile patents 1981–1985
(issue year), (b) 1986–1990 (issue year), (c) 1991–1995 (issue year),
(d) 1996–2000 (issue year) and (e) 2001–2004 (issue year).

to which it had begun to lose market share. There was also
a certain degree of interaction between the two Nordic
companies. Ericsson and Nokia also showed consider-
able accumulated capability, evidenced by augmented
patent stocks and a significant increase in self-citation
rates (13.7 and 17.8%, respectively). During this period,
Motorola’s leadership weakened as the market migrated

from analog cellular (1G) to digital cellular (2G), but it
remained inward-looking in terms of citations. Samsung
began to patent aggressively, making citations primarily
to Motorola’s patents.
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Table 4
Number of high impact mobile patents

Issue year Motorola Ericsson Nokia Samsung Total

1976 4 4
1977 5 2 7
1978 4 2 6
1979 1 1
1980 6 6
1981 4 4
1982 5 5
1983 8 8
1984 13 13
1985 12 12
1986 14 1 15
1987 25 1 26
1988 18 18
1989 30 1 31
1990 20 5 1 26
1991 33 5 1 39
1992 55 15 5 1 76
1993 62 22 8 92
1994 65 23 10 3 101
1995 64 22 13 1 100
1996 50 58 27 6 141
1997 29 33 25 2 89
1998 36 37 19 4 96
1999 20 33 14 4 71
2000 9 12 9 30
2001 2 2 4 8
2002 1 1

Total 594 274 135 23 1026
Z.-L. He et al. / Researc

During the period 2001–2004 (Fig. 3e), Nokia and
ricsson’s reliance on Motorola reduced substantially,
ith citation intensity to Motorola dropping to around
1.4% for Ericsson and 8.8% for Nokia. Motorola began
o cite Ericsson’s and Nokia’s patents more intensively,
ut by then it may have been too late: in the marketplace,
otorola was overtaken by the two previous followers,

specially Nokia. During this period, Motorola’s patent
utput was much lower than in the previous period, and
lso fell to levels lower than both Ericsson and Nokia.
eanwhile, Samsung doubled its number of patents over

he previous period, and continued to increase the extent
o which it cited patents of the three other firms.

It could be argued that the above citation patterns
re merely caused by the numbers of potentially citable
atents available—when one company dominates the
atents of an market, most patent citations will naturally
e made to this company; as other firms enter the mar-
et and begin producing patents, the share of citations
ade to the previously dominant company is likely to

all because it now has a smaller percentage of patents
hat might potentially be cited. This issue is explored
sing regression analysis in Section 4.4.

.3. High impact patents

We define a patent as a “high impact patent” if its
orward citations exceed one standard deviation above
he mean; this corresponds to a patent receiving 23 or

ore forward citations. Table 4 presents the distribution
f high impact patents among the four companies. Of the
026 high impact patents, 594 are owned by Motorola.
his is more than the total of the other three companies
ombined. Nonetheless, the data in Table 4 should be
nterpreted with caution because of truncated citations
or the later years.

Interestingly, Motorola’s high impact patents were
ited to a greater extent by its competitors than by
otorola itself. Table 5 shows that among Motorola’s

0 most highly cited patents in mobile telecommuni-
ations, 14 patents receive at least as many citations

14
rom Ericsson or Nokia as from Motorola itself. This is
uite surprising, given Motorola had more potential cit-
ng (subsequent) patents to cite these valuable patents,
ut did not. We further find that among the 30 most highly

14 Given Samsung’s recent entry, it is likely that the citation data
or Samsung is unreliable due to truncation bias. Another concern is
hether the 14 patents are crucial for newly arising technologies such

s GSM. Table 5 shows that at least 8 of Motorola’s top 30 patents are
SM related. Five of these eight patents are cited by Ericsson or Nokia
larger number of times than by Motorola itself.
Note: A mobile patent is a high impact one if it receives 23 or more
citations (>mean + one S.D. = 8.56 + 14.31 = 22.87).

cited patents owned by Ericsson, Nokia and Samsung,
the corresponding number of patents cited more highly
by one of the three remaining competitors is 1, 4 and 6,
respectively, which are much lower than the 14 in the case
of Motorola. Surely, a company can be expected to cite its
most valuable patents more often than other companies,
due to better awareness of R&D being performed within
the firm as well as a conscious effort to protect its own
technologies. Moreover, given the legal requirement for
novelty and expected commercial value when applying
for patents, our findings suggest that Motorola was not
as aggressive as its competitors in creating and patent-
ing follow-on innovations that built upon the knowledge
contained in its earlier patents.

Based on the analysis above, the overall picture that
emerges is that Motorola enjoyed a leadership position
well into the mid-1990s; Ericsson and Nokia benefited

from knowledge spillovers from Motorola by heavily
citing its high impact patents. Motorola was gener-
ally inward-looking and relied heavily on self-citations
(perhaps even missing out on external technological
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Table 5
Motorola’s 30 most cited mobile patents

Patent number Issue year Number of forward citations Is this a GSM
patent?

No. of times cited
by Motorola

No. of times cited
by Ericsson

No. of times cited
by Nokia

No. of times cited
by Samsung

4785463 1988 9 0 1 0
4833701 1989 24 18 7 0 Yesa

4989230 1991 19 22 7 0
4654867 1987 27 13 2 1 Yesa

5127042 1992 14 17 7 0
4887265 1989 11 34 13 1 Yesa,b

4797947 1989 7 12 2 0 Yesb

4775999 1988 19 17 5 0
4578815 1986 28 26 1 0
4128740 1978 24 18 0 0 Yesa

4701934 1987 4 1 2 0
4485486 1984 32 27 0 0
5119504 1992 16 18 0 1 Yesb

5020091 1991 4 10 3 0
5442553 1995 1 0 1 0
5117449 1992 12 4 1 6
5095500 1992 16 18 2 0 Yesb

4737978 1988 14 26 5 0
5584054 1996 14 8 17 2
4737976 1988 16 3 2 0
5303297 1994 5 24 5 1
4704734 1987 18 7 1 1
4845772 1989 22 9 10 1
5579535 1996 6 4 5 0
4012597 1977 37 24 3 0
4837800 1989 1 8 8 1
5038399 1991 20 26 2 0 Yesb

5390238 1995 1 0 0 0
4593155 1986 22 10 2 0
5260988 1993 7 20 9 0

by Eri

ing each firm’s patents per year (a flow variable) into a
stock measure. Since each firm’s knowledge stock depre-
ciates over time,15 we follow Hall et al. (2000) in using a

15 On the one hand, knowledge becomes obsolete and therefore a
In bold: Motorola’s top 30 patents that are cited at least as many times
a Identified by Bekkers et al. (2002) as an essential GSM patent.
b “GSM” or “TDMA” appears in the patent document.

breakthroughs by its competitors), yet Motorola was not
inward-looking enough where its high impact patents
were concerned. In the following section, we use regres-
sion techniques to explore whether these findings hold
up in a more formal analysis.

4.4. Regression analysis

Logistic regression is used to examine each
company’s propensity to make self-citations (base =
Motorola). A company’s share of “prior art” in mobile
telecommunications technology is likely to be positively
related to its probability of self-citation. The creation

of technological capabilities is an accumulative process,
and a firm’s ability to generate innovations is a func-
tion of its existing technological knowledge (Cohen and
Levinthal, 1990). Thus, if a company has a large share of
csson, Nokia or Samsung as by Motorola itself.

prior patents awarded for mobile telecommunications, it
will tend to cite itself more often. We therefore construct
the following variable: firm j’s share of mobile patent
stocks in year t = 100 × (firm j’s mobile patent stock in
year t)/(USPTO pool of mobile patent stock in year t).

To construct this variable, we must first calculate
patent stocks for each firm-year. We do so by cumulat-
patent is less likely to be cited as time elapses. On the other hand,
knowledge diffuses and accessibility to new knowledge grows with
time. However, since we are focusing on self-citations, there is reason to
believe that the impact of knowledge diffusion is marginal in intra-firm
knowledge flows, at least relative to inter-firm knowledge flows (see
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Table 6
Logistic regression for the probability of making backward self-citation (citing patents: mobile patents of the four companies issued 1981–2004,
citable patents: all patents issued 1976–2004)

Variable Model 1 Model 2 Model 3 Model 4 (excluding
satellite patents)a

Constant −3.492 (0.389)*** −2.232 (0.600)*** −2.925 (0.328)*** −2.033 (0.643)**

Share of mobile patent stock 0.262 (0.029)*** 0.180 (0.042)*** 0.179 (0.036)*** 0.141 (0.045)**

Share of non-mobile patent stock 0.007 (0.005) 0.001 (0.006) 0.003 (0.005) 0.001 (0.006)
log(No. of backward citations made + 1) 1.302 (0.044)*** 1.297 (0.044)*** 1.292 (0.043)*** 1.320 (0.047)***

No. of inventors 0.037 (0.018)* 0.037 (0.018)* 0.036 (0.018)* 0.034 (0.020)
No. of assignees −0.755 (0.263)** −0.728 (0.263)** −0.773 (0.262)** −0.600 (0.268)*

Motorola*Post2000 Not included −0.576 (0.208)** −0.512 (0.168)** −0.723 (0.228)**

Ericsson −0.100 (0.198) −0.743 (0.308)* −0.638 (0.260)* −0.883 (0.328)**

Nokia 0.051 (0.203) −0.823 (0.378)* −0.727 (0.312)* −1.029 (0.406)*

Samsung −1.182 (0.211)*** −1.797 (0.307)*** −1.790 (0.266)*** −2.043 (0.335)***

Class 375 0.094 (0.071) 0.100 (0.071) 0.107 (0.070) 0.158 (0.076)*

Class 379 −0.359 (0.095)*** −0.356 (0.095)*** −0.351 (0.095)*** −0.290 (0.100)**

Class 455 0.619 (0.057)*** 0.621 (0.057)*** 0.634 (0.056)*** 0.652 (0.062)***

Issue year dummies Included Included Not included Included
Year trend Not included Not included 0.027 (0.017) Not included

McFadden R2 0.190 0.191 (�R2 = 0.001**) 0.188 0.191
N 10073 10073 10073 8684
Observations with DV = 1 5787 5787 5787 4838
Observations with DV = 0 4286 4286 4286 3846

DV = 1 if a patent makes one or more backward self-citations, otherwise DV = 0. Yearly depreciation rate of patent stock = 15%.
a A patent is defined as “satellite patent” if “satellite” appears in anywhere of the patent document. Among 10224 mobile patents of the four

companies 1976–2004, there are 1394 satellite patents (539 from Ericsson, 679 from Motorola, 116 from Nokia, and 60 from Samsung). Among
10073 mobile patents of the four companies 1981–2004, 1389 patents involve satellite technology (536 from Ericsson, 677 from Motorola, 116
from Nokia, and 60 from Samsung).
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* p < .05, two-tailed test, standard error in parenthesis.
** p < .01, two-tailed test, standard error in parenthesis.
** p < .001, two-tailed test, standard error in parenthesis.

eclining balance formula and a depreciation rate of 15%
using 10 and 20% generate nearly identical results). In
ddition, we construct a separate variable for each firm’s
hare of non-mobile patent stock because there might be
nter-industry spillovers from other technology areas to
he four patent classes under study.

Table 6 presents logistic regression results for the
robability of making backward self-citations. The unit
f analysis is a patent. The dependent variable is set to
ne if the patent makes one or more citations to same
rm’s prior patents, and zero otherwise. Apart from
ach firm’s share of mobile patent stocks, year dummies
re included to control for fixed effects across citations
ithin the same issue year. Patent classes fixed effects

base = Class 370) are included to account for differences

cross technology fields. The number of backward cita-
ions is further included as a control using the variable
og(No. of backward citations made + 1), since a focal

all et al., 2001 for a detailed discussion on the impact of knowledge
ecay and knowledge diffusion).
patent that makes a greater number of citations is also
more likely to include a self-citation. We also control
for the number of inventors and assignees listed in each
patent document, using the variables No. of inventors and
No. of assignees, respectively.

Model 1 of Table 6 pools all Motorola patents, while
Models 2 and 3 use a dummy variable to split the pre-
2000 patents from post-2000 ones in order to account
for Motorola’s shift in strategy around 1999 which was
discussed earlier. The difference between Models 2 and
3 is the use of a year trend instead of year dummies. Both
models show that Ericsson, Nokia and Samsung are less
likely to make self-citations than Motorola, even after
controlling for each firm’s share of mobile patent stocks
and other factors. The coefficient for share of mobile
patent stock is positive and significant as expected. It is
interesting to note the negative and significant coefficient
for Motorola*post2000, suggesting a shift in strategy

towards being less inward-looking by Motorola in recent
years. We re-ran these logistic regressions using other
similar variables (Ericsson*Post1995, Nokia*Post1995,
Samsung*Post2000) to test whether Ericsson, Nokia and



1160 Z.-L. He et al. / Research Policy 35 (2006) 1147–1165

Table 7
Negative binomial regression for number of backward self-citations (citing patents: mobile patents of the four companies issued 1981–2004, citable
patents: all patents issued 1976–2004)

Variable Model 1 Model 2 Model 3 Model 4 (excluding
satellite patents)a

Constant −3.153 (0.205)*** −2.026 (0.315)*** −2.505 (0.176)*** −1.939 (0.345)***

Share of mobile patent stock 0.191 (0.017)*** 0.126 (0.022)*** 0.132 (0.019)*** 0.108 (0.024)***

Share of non-mobile patent stock −0.003 (0.003) −0.011 (0.004)** −0.007 (0.003)* −0.012 (0.004)**

log(No. of backward citations made + 1) 1.163 (0.021)*** 1.157 (0.021)*** 1.159 (0.021)*** 1.184 (0.023)***

No. of inventors 0.008 (0.009) 0.009 (0.009) 0.008 (0.009) 0.007 (0.010)
No. of assignees −0.173 (0.137) −0.133 (0.137) −0.165 (0.138) −0.086 (0.142)
Motorola*Post2000 Not Included −0.490 (0.105)*** −0.371 (0.082)*** −0.592 (0.117)***

Ericsson −0.359 (0.128)** −0.983 (0.185)*** −0.740 (0.145)*** −1.113 (0.200)***

Nokia 0.159 (0.121) −0.664 (0.214)** −0.401 (0.165)* −0.790 (0.234)***

Samsung −0.845 (0.131)*** −1.331 (0.167)*** −1.282 (0.145)*** −1.472 (0.184)***

Class 375 0.035 (0.038) 0.039 (0.038) 0.045 (0.038) 0.115 (0.041)**

Class 379 −0.382 (0.057)*** −0.380 (0.057)*** −0.377 (0.057)*** −0.299 (0.060)***

Class 455 0.216 (0.029)*** 0.218 (0.029)*** 0.235 (0.029)*** 0.266 (0.032)***

Issue year dummies Included Included Not included Included
Year trend Not included Not included 0.012 (0.009) Not included

R2 0.260 0.275 (�R2 = 0.015***) 0.265 0.273
N 10073 10073 10073 8684

DV = Number of backward self-citations. Yearly depreciation rate of patent stock = 15%.
a As in Table 6.

* p < .05, two-tailed test, standard error in parenthesis.

** p < .01, two-tailed test, standard error in parenthesis.
*** p < .001, two-tailed test, standard error in parenthesis.

Samsung became increasingly self-reliant after becom-
ing important players in the mobile market. The esti-
mated coefficients are positive and significant in each
case (0.985, 0.869, and 0.961, respectively). Hence,
while Motorola became significantly less likely to make
self-citations after it lost its market leadership position,
Ericsson, Nokia and Samsung became significantly more
likely to make self-citations when they posed serious
threats to the leader. This is consistent with the citation
analysis in Section 4.2.

Table 7 presents negative binomial regressions, with
the dependent variable being the number of backward
self-citations made by each company’s mobile patents.
We do not use a Poisson model because it assumes equal
mean and variance of the dependent variable, which
is not the case for our data. Negative binomial mod-
els can accommodate for over-dispersion by assuming
that the mean follows a gamma distribution (Hausman
et al., 1984; Cameron and Trivendi, 1998). Table 7 rein-
forces the results of Table 6: Ericsson, Nokia and Sam-
sung each has a lower self-citation rate than Motorola.
This suggests that Ericsson, Nokia and Samsung relied

more heavily on external knowledge than Motorola, in
line with the citation analysis of Fig. 3a–e. Motorola
itself switched gears and made significantly fewer self-
citations after 2000. As in Table 6, the coefficient for
share of mobile patent stock is positive and significant.
Interestingly, the share of non-mobile patent stock is neg-
ative and significant, indicating that the mobile business
might be competing for innovation resources with other
business areas.

Tables 6 and 7 suggest that Motorola was generally
more inward-looking than Ericsson, Nokia and Sam-
sung, even after controlling for various factors including
its large share of mobile patent stocks. It could be argued
that the results are an aberration because Motorola inten-
tionally had a different focus, specifically that it was
trying to develop its Iridium satellite-based mobile net-
work. As a robustness check, we include a specification
to Tables 6 and 7, in which we drop all patents for satel-
lite technology related to mobile telecommunications
(Model 4). This does not materially change the results.

We next investigate whether Motorola paid enough
attention to its high impact patents. Table 8 presents neg-
ative binomial regressions, with the dependent variable
being the number of forward self-citations received by
each firm’s high impact patents. As before, the base case
is Motorola and similar control variables are used. But

here we are studying forward citations received instead
of backward citations made, so instead of each firm’s
share of mobile patent stocks, we control for the num-
ber of future patents (till 2004) that exist and might
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Table 8
Negative binomial regression for number of forward self-citations received by high impact mobile patents

Variable Model 1 Model 2 Model 3 Excluding
“Satellite Patent”a

Model 4 excluding
“Satellite Patent”a

Constant −4.124 (0.382)*** −3.840 (0.599)*** −4.204 (0.409)*** −3.826 (0.649)***

No. of following mobile patents/1000b 0.727 (0.145)*** 0.706 (0.149)*** 0.548 (0.156)*** 0.521 (0.160)**

No. of following other patents/1000b −0.025 (0.037) −0.035 (0.041) 0.021 (0.040) 0.007 (0.044)
log(no. of forward citations received +1) 0.865 (0.058)*** 0.864 (0.058)*** 0.897 (0.064)*** 0.894 (0.064)***

No. of inventors 0.025 (0.018) 0.026 (0.018) 0.024 (0.020) 0.025 (0.020)
No. of assignees 0.438 (0.271) 0.439 (0.271) 0.504 (0.287) 0.508 (0.287)
Ericsson 0.389 (0.257) 0.344 (0.268) 0.706 (0.279)* 0.644 (0.291)*

Nokia 1.570 (0.149)*** 1.499 (0.188)*** 1.738 (0.162)** 1.643 (0.206)***

Samsung 0.973 (0.417)* 0.990 (0.418)* 0.292 (0.461) 0.317 (0.463)
Class 375 0.096 (0.080) 0.093 (0.081) 0.146 (0.089) 0.141 (0.089)
Class 379 −0.055 (0.115) −0.054 (0.115) −0.018 (0.123) −0.018 (0.123)
Class 455 0.245 (0.059)*** 0.245 (0.059)*** 0.227 (0.064)*** 0.228 (0.064)***

Year trendc −0.008 (0.013) −0.010 (0.014)

R2 0.413 0.415 0.423 0.426
N 1026 1026 878 878

DV = Number of forward self-citations received. Samsung only had 23 out of the 1026 high impact mobile patents (2.2%).
a A patent is defined as a “satellite patent” if the word “satellite” appears in anywhere of the patent document. Among 1026 high impact mobile

patents of the four companies 1976–2004, there are 148 patents related to satellite technology (47 from Ericsson, 89 from Motorola, 9 from Nokia,
and 3 from Samsung).

b Unlike in Tables 6 and 7, we do not depreciate following patent stock in this regression. This is because high impact mobile patents are likely
to have different knowledge depreciation rates than an average patent. High impact patents probably exhibit less knowledge decay over time, so we
count the number of potentially citing patents without assuming the degree to which earlier forward citations are more important than later forward
citations.

c Year dummies are not used because in certain years, these four companies had a very small number of high impact mobile patents (e.g. one each
for 1979 and 2002).

* p < .05, two-tailed test, standard error in parenthesis.

*

c
g
N
m
t
t
p

m
M
p
E
o
i
r
e
i
(
o
t
o

at any given point of time. However, a similar pattern
is not found for Motorola, i.e., over the years, Motorola
was not becoming more responsive to its key competi-
tors’ high impact patents.
** p < .01, two-tailed test, standard error in parenthesis.
** p < .001, two-tailed test, standard error in parenthesis.

ite each high impact patent (this approach is analo-
ous to Hall et al., 2005). The variable used for this is
o. of following mobile patents, which is the number of
obile patents of each firm having an issue date after

he focal one. Another variable, log(No. of forward cita-
ions received + 1) controls for the overall impact of each
atent.

The results in Table 8 show that Ericsson and Nokia
ade more self-citations to their high impact patents than
otorola. While the estimated coefficient for Nokia is

ositive and significant across all specifications, that for
ricsson is positive, but becomes statistically significant
nly after dropping patents for satellite technology used
n mobile telecommunications (Models 3 and 4). The
esults for Samsung are harder to interpret. While the
stimated coefficient for Samsung is positive and signif-
cant when all of its high impact patents are included

Models 1 and 2), it becomes statistically insignificant
nce we remove “satellite patents”. We believe this is due
o Samsung’s late entry coupled with right-truncation
f the patent data, so we are only able to observe 23
“high impact” patents by Samsung out of the 1026 in the
sample.16

In Table 9, we compare Motorola and its follow-
ers’ reaction to each others’ high impact patents. Dura-
tion/survival analysis is used because the data is right
censored: citations by patents issued after 2004 are not
observed. We use Cox (1972) regressions to examine
the impact of patent age on the hazard of a high impact
patent being cited. The year trend is positive and signif-
icant in Model 1, but not in Model 2. Thus, we find that
as time progresses, Motorola’s high impact patents are
more likely to be cited by Ericsson or Nokia or Samsung
16 We subsequently found that Samsung’s three “satellite patents”
were actually multimedia patents that were misclassified. Putting these
back in, we obtain an estimated coefficient for Samsung of 0.663 (with
standard error = 0.439) for Model 4 of Table 8.
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Table 9
Cox regression for high impact mobile patents hazard rate

Variable Model 1 (Ericsson/
Nokia/Samsung
citing Motorola)a

Model 2 (Motorola
citing Ericsson/
Nokia/Samsung)b

No. of forward
citations received

0.008 (0.002)*** 0.011 (0.002)***

No. of inventors 0.063 (0.034) 0.040 (0.049)
No. of assignees 0.753 (1.011) 0.991 (0.418)*

Class 375 −0.548 (0.147)*** −0.159 (0.214)
Class 379 −0.636 (0.248)* −0.460 (0.277)
Class 455 0.110 (0.110) 0.256 (0.136)
Year trend 0.088 (0.010)*** −0.002 (0.019)

Chi-square 116.670 43.449
Probability 0.000 0.000
N 594 432
Number of right

censored cases
67 127

Cox regression estimates the influence of each explanatory variable
on a baseline hazard function. A negative (positive) coefficient means
that the hazard (the risk of a high impact mobile patent to be cited) is
reduced (increased).

a DV in Model 1 = hazard rate of a Motorola high impact mobile
patent being cited by Ericsson/Nokia/Samsung.

b DV in Model 2 = hazard rate of an Ericsson/Nokia/Samsung high
impact mobile patent being cited by Motorola.

*
 p < .05, two-tailed test, standard error in parenthesis.
**p < .01, two-tailed test, standard error in parenthesis.
*** p < .001, two-tailed test, standard error in parenthesis.

5. Discussion and conclusions

Our case analysis illustrates how three firms
attempted to catch up with the market leader in the
mobile telecommunications market. In each case, the
challenger initially penetrated the market by leveraging
complementary assets (new customers, complementary
technologies, branding and marketing). This gave the
entrant a foothold in the market that it subsequently
expanded by investing in R&D to develop a portfolio
of patented innovations. Our analysis shows that knowl-
edge flows from the leader to the follower play an impor-
tant role in the catching up process. The market leader
often spends a tremendous amount of resources on devel-
oping new technologies (such as Motorola’s 15-year,
US$ 100 million investment in DynaTAC, the world’s
first commercial portable telephone). A follower can
capitalize on knowledge spillovers from the leader in
order to catch up with the latter, probably utilizing far
fewer resources albeit with a time lag. As the follower

gradually builds up its own innovation capability, it con-
tinues to rely heavily on the leader for knowledge. Only
around the time it overtakes the incumbent and becomes
the new leader does the challenger significantly reduce
y 35 (2006) 1147–1165

its dependence on the leader and start building its own
technological prowess. These patterns are reflected in
our analysis of mobile telecommunications patents and
citations.

Our paper makes several contributions to the litera-
ture. First, we extend the Gans–Stern (2003) framework
by incorporating de alio entry. In the Gans–Stern frame-
work, when the incumbent is strong in both intellectual
property and complementary assets, new entry in the
form of de novo entry appears to be excluded. How-
ever, our paper shows that entry may still be possible,
in the form of de alio firms. Second, while it is well
known that complementary assets are important for de
alio entry (Carroll et al., 1996), our paper suggests that
complementary assets, while necessary for entry, are
not sufficient to catch up with (let alone overtake) the
incumbent leader. To achieve this, a de alio entrant must
not only leverage its complementary assets, but also
learn from knowledge spillovers and invest in R&D to
progressively strengthen its intellectual property posi-
tion relative to the leader. However, the sequencing of
investment priority appears important: the de alio entrant
should invest in exploiting its complementary assets to
gain market entry early, even while it is still in the process
of building up its technological capabilities, rather than
wait until it has achieved substantial parity in technology
with the leader, as the conventional technology race liter-
ature may suggest. Overall, our proposed extension of the
Gans–Stern (2003) framework helps to integrate several
important ideas in the literature: the foundations put for-
ward by Teece (1986), strategies for entrepreneurial (de
novo) entry (Gans et al., 2002) and recent work on de alio
entry (Agarwal et al., 2004; Helfat and Lieberman, 2002;
Klepper and Simons, 2000). We believe that using a sin-
gle framework to analyze both de novo and de alio entry
along the dimensions of intellectual property and com-
plementary assets will enhance the value of the already
useful Gans–Stern framework, particularly for managers
and policy makers.

Another important contribution of our paper is with
regards to the literature on knowledge flows. While sev-
eral studies have suggested that knowledge spillovers
from leading firms are important (e.g. Cockburn and
Henderson, 1994; Khanna, 1995), such spillovers have
not been examined in detail. Our analysis of knowledge
flows within and across a small number of firms (Erics-
son, Motorola, Nokia and Samsung) over an extended
period of time offers an interesting view of the rich

dynamics at work. On the one hand, Motorola was
too inward-looking in developing new technology, as is
consistent with the not-invented-here (NIH) syndrome
(Katz and Allen, 1982). On the other hand, we show
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hat Motorola was paradoxically not inward-looking
nough in leveraging its high impact patents. Interest-
ngly, Bekkers et al. (2002) found that Motorola had
he largest share of essential patents in GSM technol-
gy (Motorola had 27 out of 140 such patents, while
okia took second place with 19 such patents). Yet,
otorola missed the shift to GSM: although it aggres-

ively licensed its GSM patents to others and charged
andsome royalty fees, it did not further exploit these
atents as fast as its key competitors. In an interview with
ortune Magazine (Lashinsky, 2004, p. 59), Thomas J.
ynch, president of Motorola’s Personal Communica-

ions Division said: “There are endless instances where
his company has blazed a trail and someone else has
eaped the benefits.” This corroborates with our results
n Table 5, which shows that five of the eight key GSM
atents owned by Motorola are cited more often by its
ain competitors than by itself.
Our paper points to several research opportunities.

t is important to explore whether the strategy articu-
ated in this paper is observed in other settings where the
ncumbent firm is strong in both intellectual property
nd complementary assets. In this case, Motorola made
everal strategic mistakes that offered competitors a win-
ow of opportunity for entry. But had it not made such
istakes, would entry have even been possible, and if so
ould it have required more sophisticated entry strate-
ies? Further work is also needed to explore the nature
f each entrant’s R&D investments and the mechanisms
y which it absorbed knowledge flows. Did the entrants
ely upon internal research or joint projects with external
arties? Did they extensively hire engineers and scien-
ists with relevant prior experience, and from where? To
hat extent did they depend upon corporate venturing as
means of sensing market and technological trends, and

or acquiring new capabilities (Birkinshaw et al., 2002)?
Another opportunity lies in the further extension of a

ovel methodology used in this paper—identifying cita-
ions to highly cited patents. These highly cited patents
epresent the most valuable ideas patented by a firm, and
urther work is needed to understand whether our find-
ngs about Motorola’s highly cited patents also apply to
ther firms that stumbled in other industries.

Finally, we suggest that greater attention should be
laced on the role of public policy. In the case of the
obile telecommunications market, the EU’s manda-

ory support for GSM in Europe and the US Federal
ommunications Commission’s decision not to impose

countrywide standard for mobile telecommunications

nfluenced the dynamics of competition within this mar-
et. We speculate that more generally, policy affects
he degree to which firms gain access to scarce com-
35 (2006) 1147–1165 1163

plementary assets such as access to customers, natural
resources, telecommunications spectrums, rights to dis-
tribute digital media, etc. Research into these issues can
help elaborate upon the profound insights first suggested
by Teece (1986).
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