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Abstract 
Over the last couple of years, considerable attention has been focused on the Internet of Things (IOT). 
Technological change, coupled with reductions in the size and cost of components, has led to growth 
in the IOT – while many consultants speculate about the number of connections that will occur over 
the next few years, many companies are developing and launching a range of products and services in 
areas such as smart cities, healthcare, logistics etc.  

While companies are attracted by the potential of IOT, entering these markets may be easier said than 
done. Companies may possess a set of resources that may not be suited to the IOT, or may find the 
rapid pace of technological change and market growth too challenging for them. These markets, 
however, are attractive because they lack established players with the consequence that they could be 
lucrative. These markets are integral to the ‘Blue Ocean’ strategy outlined by Kim & Mauborgne 
(2005 and 2014). 

In this paper, we seek to understand how established companies are approaching the IOT through 
analysing their patent portfolios. We follow Sadowski et al (2016) in defining IOT, with this 
definition then being used to identify relevant patents. Through this approach we identify 1322 ICT 
companies with an interest in IOT technologies. These companies are clustered into five clusters – 
aviation and automobile, electronics and electric manufacturing, software and computing, networking 
equipment and wireless equipment. The extent to which leading companies in these clusters are well 
positioned differs, with some being better placed to enter IOT markets than others are. Furthermore, 
the analysis highlights the difficulties of operationalising ‘Blue Oceans’ in new and emerging markets 
like IOT. The analysis, does, however, give rise to a range of issues that require further research. 

Keywords: Technological diversification, Blue Ocean strategy, Internet of Things, patenting profiles, 
ICT companies 
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1. Introduction  

Over the last couple of years, considerable attention has been focused on the Internet of 

Things (IOT). Through combining a range of technologies with reductions in the cost and 

size of the components, the IOT has begun to grow – not only is the number of connections 

rapidly growing, but it can now be found across an ever-wider array of sectors. Vodafone 

alone, for example, now claims to have more than 50 million IOT (Roberts, 2017). While 

IOT technologies are produced in industries such as aviation/automotive, electronics, medical 

equipment, software and services, telecommunications and computer hardware sector 

(Sadowski, Nomaler et al. 2016), they are applied in a large variety of sectors such as smart 

cities (Baccarne, Mechant et al. 2014; Anthopoulos 2015), smart energy (Gans et al, 2013) or 

smart industries (Da Silveira, Borenstein et al. 2001; Fogliatto, Da Silveira et al. 2012). 

The economic literature suggests that patent analysis can be used to examine the 

knowledge base and the technological diversification of companies (Kogut and Zander 1992; 

Teece, Pisano et al. 1997; Zack 1999). As the existing knowledge of a firm provides a critical 

ingredient of competitive advantage and corporate success, the extent to which companies 

utilize technological diversification as a strategy to enter into new technological areas has 

only recently begun to be investigated (Kodama 1986; Granstrand 2001; Breschi, Lissoni et 

al. 2003; Garcia-Vega 2006; Lin, Chen et al. 2006). Technological diversification has been 

defined as the extent to which firm use their knowledge base to diversify into relevant or 

irrelevant technological fields (Kodama 1986; Lin, Chen et al. 2006). In this respect 

technological diversification allows firms to enhance their competitive advantages in the 

market (Garcia-Vega 2006). In this context, Sadowski et al (2016) have shown that a higher 

degree of technological diversification can lead to valuable technological specialization in 

new emerging technological fields such as IOT. 

Research has shown that the entry decisions of incumbent companies into new 

markets are affected by convergence (i.e., the blurring of boundaries between hitherto 

separate sectors) and increased competition in existing markets (Katz 1996). More recently, it 

has been demonstrated that firms prepare for a possible entry into these markets by 

anticipating and monitoring of processes of convergence of different sectors (Curran, Bröring 

et al. 2010; Curran and Leker 2011). As a response to convergence, companies diversify into 

new markets based on their existing competencies and resources since they change at a much 

slower pace than technologies and market conditions in converging sectors. Within the 

resource-based view theory (Wernerfelt 1984; Barney 2006), diversification into new 
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emerging markets has been conceptualized as a ‘Blue Ocean’ strategy (Kim and Mauborgne 

2005; Kim and Mauborgne 2014) aimed a discovering (and benefiting) from pioneering 

innovations in these markets (van de Vrande, Vanhaverbeke et al. 2011). In exploring new 

technological opportunities in emerging markets, incumbent companies are able to enter into 

“blue oceans” of uncontested market space instead of battling competitors in traditional “red 

oceans”. In entering a new “blue ocean” market incumbent companies are able to unlock new 

demand as competition is irrelevant in these markets (Kim and Mauborgne 2014). In this 

tradition, research has rarely addressed the extent to which technological diversification into 

new markets has improved the knowledge position of incumbent companies. As 

technological diversification into IoT has been a common strategy of ICT companies over at 

least the past twenty years, large differences persist with respect to their positioning in these 

new emerging markets (Sadowski, Nomaler et al. 2016). 

We follow Sadowski et al (2016) in terms of defining the IOT as a bunch of emerging 

technologies in the ICT sector which include monitoring devices (sensors) and M2M 

communication, big data analytics and cloud computing. This definition enables us to 

identify relevant patents, which are then allocated to a specific company. Our study identifies 

1322 ICT companies involved in IOT technologies that we classified according to the 

similarity of their patent profile. We group companies together on the basis of their patenting 

activity, thereby identifying a series of clusters. Given the volume of IOT patents and the 

number of companies involved, we then focus our analysis on five emerging sectors within 

the IOT area: aviation & automobiles, electronics & electrical manufacturing, software & 

computers, networking equipment and wireless equipment. These sectors are often discussed 

in terms of being characterised by a series of challenges that the IOT can, at least partially, 

help to resolve through collecting real-time data, facilitating its analysis and so forth.  

Not only does our analysis identify the leading actors present in these areas, as 

determined by the number of patents and technological diversification, but it also 

demonstrates that previous experience of ICT patenting does not necessarily result in a 

substantial presence in these two areas. One way that this can be conceptualised is in terms of 

‘red oceans’ and ‘blue oceans’ noted above (Kim & Mauborgne, 2015). We explore this 

distinction within these sectors by investigating the extent to which the IOT patent portfolios 

of companies overlap with one another. We find that there is considerable variation in the 

overlap that exists across our sample. 
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With this in mind, the rest of the paper is divided into four sections. In Section 2, 

relevant literature in the area of technological diversification is recounted before Section 3 

details the methodology adopted. The findings, in terms of the three hypotheses that we 

proposed, are described in Section 4. Conclusions are drawn in Section 5. 

2. Technological diversification of ICT firms into emerging technological areas 

The economic literature has proposed that the knowledge base of a firm provides strategic 

options to companies (Kogut and Zander 1992; Teece, Pisano et al. 1997; Zack 1999). In 

order to turn this knowledge into competitive success, a variety of other factors are becoming 

important such as previously pursued strategies as well as experience and efficiency gained in 

earlier periods (Teece, Pisano et al. 1997). In addition, the knowledge should be relevant in a 

particular technological area. As the existing knowledge of a firm provides a critical 

ingredient of competitive advantage and corporate success, the extent to which companies 

utilize technological diversification as a strategy to enter into new technological areas has just 

recently been investigated (Kodama 1986; Granstrand 2001; Breschi, Lissoni et al. 2003; 

Garcia-Vega 2006; Lin, Chen et al. 2006). In this context, the paper focuses on the extent to 

which the knowledge position of a firm is strategically utilized to gain competitive advantage 

in new emerging technological areas. More specifically, it explores different patent portfolios 

of firms are linked to the level of technological diversification and their technological 

performance. 

Technological diversification has been defined as the extent to which firms use their 

knowledge base to diversify into relevant or irrelevant technological fields (Kodama 1986; 

Lin, Chen et al. 2006). Earlier research has shown that technological diversification allows 

firms to enhance their competitive advantages in the market (Garcia-Vega 2006). As most 

companies are multi-technology corporations (Granstrand, Patel et al. 1997; Pavitt and Patel 

1997), their profiles of technological diversification differ as a result of company history, 

initial conditions, patterns of  specialization, market incentives and the specifics of the 

institutional setting surrounding these firms (Breschi, Lissoni et al. 2003). Furthermore, these 

profiles might even be very similar among large firms producing similar products, in 

particular in high tech industries (Pavitt and Patel 1997). These firms can utilize 

technological diversification as a way to continue previous patterns of technological 

diversification due to inertia of specialization, incremental changes in knowledge production 

and modifications in firm’s competencies (Cantwell and Andersen 1996) as well as to 

anticipate product and market diversification (Pavitt 1998).  However, even if Gambardella 
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and Torrisi (1998) have shown that corporate performance is related technological 

diversification, there are still some risks related to over-diversification leading to negative 

synergies and diseconomies of scope (Lin, Chen et al. 2006). A key question in this respect 

has been how do multi-technology firms react in their technological diversification strategies 

in response to uneven rates of development of technology on which they rely and with 

unpredictable product-level interdependencies (Brusoni, Prencipe et al. 2001). In other 

words, technological diversification of firms in currently irrelevant technological fields can 

provide new technological opportunities in relevant future technological areas. 

In order to evaluate technological diversification of multi-technology firms in the 

event of uneven rates of technological change, the claim is that a emerging technological 

landscape can allow the firm to exploit new technological opportunities and prevent 

competitors from entering this new technology field. In this respect, the patent claim can 

provide a relative competitive advantage vis-à-vis competing firms in an emerging 

technology field (Mihm, Sting et al. 2015). Previous research has shown that this relative 

advantage can be based on related or unrelated technological diversification with related 

technological diversification having a positive effect on firm performance, while there is an 

optimum level of unrelated technological diversification for companies (Chen and Chang 

2012). In this context, Sadowski et al (2016) have shown that a higher degree of 

technological diversification can lead to valuable technological specialization in new 

emerging technological fields such as IOT. 

Most large firms have diversified patent portfolios which might even exceed the 

diversification level of their current product portfolio (Pavitt and Patel 1997; Gambardella 

and Torrisi 1998) which has been motivated by variety of reasons. An important motivation 

of companies to diversify technologically has been related to an increasing complexity of 

new innovative products and processes (Rycroft and Kash 1999) requiring firms to invest in 

different technological fields at the same time. Furthermore, large firms are involved in 

continuous processes of experimentation and exploration of new technologies to assess and 

learn about the potential of these new technologies (Lynn, Morone et al. 1996), as it remains 

rather unclear in case the patent is awarded and there are no commercial applications yet. 

Third, in cases where there are excess resources available in the company, they can be used 

to diversify in emerging and promising technological areas (Leten, Belderbos et al. 2007). 

Furthermore as it has been demonstrated, the drivers of technological diversification 

of firms are industry specific with some variations even within sectors (Leten, Belderbos et 
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al. 2007). These differences in technological diversification can be attributed to variety of 

strategies of management responding to increasing technological complexity and uncertainty 

(Nelson and Winter 1977) but also to persistency of the composition of the technological 

portfolios of firms over time (Pavitt and Patel 1997). As processes of technological change 

are driven by innovations, their growth proceeds in a cumulative fashion combining problem 

definition and problem solving activities (Rosenberg 1982). However, as the problems in the 

innovation process have to be solved at the firm level, the learning experiences defining the 

technological trajectory followed by a company are distinct and firm specific.  As a result of 

these distinct and cumulative processes of firm-level learning, the path defining the 

technological trajectory of the firm is unique and path dependent (Dosi 1982; Dosi 1988). In 

essence, this would explain why current technological profiles are related to past 

technological developments within a firm. Research has shown that companies continue 

developing technological competencies in areas where they initially gained technological 

advantages in the past even over long period of time (Fai 2003; Cantwell 2004). 

Research has pointed at a number of positive effects of technological diversification 

on technological performance, related to cross-fertilization between different technological 

fields and more options to create completely new products. If firms operate in different 

technological fields, they can cross-fertilize knowledge in these areas to generate new 

inventions as well as better product and process performance (Granstrand, Patel et al. 1997). 

In addition, with a broader technology base, firms are able to generate innovations based on 

new combinations of knowledge from different technology fields (Kodama 1986). 

However, there are also threats to technological diversification as firms might lose 

their focus in a particular field that requires economies of scale. Furthermore, with greater 

technological diversification the costs of integration, coordination and communication are 

increasing (Granstrand, Patel et al. 1997). In addition, large firms even have to accommodate 

different existing and mature as well as emerging and novel technologies at the same time, 

that actually provides for tension and conflict within the firm (Schumpeter 1942; Arrow 

1962). This tension has extensively been studied in the literature on exploration and 

exploitation (March 1991) and recently been discussed in the context of ‘blue ocean’ 

strategies (Kim and Mauborgne 2005) in order to define possible managerial solutions for 

firms to enter new and uncontested markets (Kim and Mauborgne 2014). With increasing 

tension between exploiting existing and mature technologies, on the one hand, and exploring 

emerging and novel technologies, on the other hand, firms have to allocate scarce resources 
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and capabilities to these activities which might favour, in the case of incumbent companies, 

existing and mature technologies.  The ‘blue ocean’ strategy provides in this context a 

commitment to greater flexibility by taking advantage of emerging and novel technologies. 

Based on the argument developed, similar to Leten et al (2007) propose that there is a 

non-linear relationship between the level of technological diversification and the 

technological performance of a firm. With technological diversification offering more 

opportunities for cross-fertilization and generating of new ideas, there are fewer marginal 

returns from greater technological diversification due to loss of economies of scale effects 

and greater costs arising from integration and coordination of activities. In addition, firms 

might encounter problems if combining exploration of novel and emerging technologies with 

exploitation of mature and existing technologies. The movement of large companies into new 

and uncontested, that is, ‘Blue Ocean’, markets being the exception. This allows us to 

formulate the following hypothesis:  

 

H1: Technological diversification of companies has positive effects on technological 

performance. 

 

In order to examine the extent to which path dependencies and previous technological 

experiences play a role in technological performance of firms, the literature has focused on 

the strategic value of the current and past knowledge position that is rooted in a firm’s patent 

portfolio. The more related the patent portfolio is, the easier it becomes for a firm to use a 

common knowledge base.  In contrast, firms that diversify more coherently maybe able to 

avoid the negative effects of technological diversification, leading to:  

 

H2: The higher the degree of technological relatedness of a firm's patent portfolio, 

the greater the positive impact on technological performance. 

 

Research has shown that there are industrial differences with respect to the degree of 

technological diversification of companies (Gerybadze and Stephan 2002; Kim, Lim et al. 

2009). It has been shown that companies in the telecom industry followed a narrower 

technological diversification strategy compared to companies in other sectors (Gerybadze and 

Stephan 2002). As we are disaggregating the different industries in which technological 

progress in ICT has rather been continuous (electronics and electrical manufacturing, 
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software and computers, networking equipment, wireless equipment) compared to industries 

characterized by more discontinuous technological shifts (aviation and automobiles), we 

expect large differences in technological diversification across these industries.  

H3: In technological areas in which companies expect more rapid technological 

change (like electronics and electrical manufacturing) broader technological 

diversification strategies are expected.  

3. Methodology and data 

In order to examine the impact of the technological diversification and the current knowledge 

position of ICT firms on their technological performance in emerging technological areas in 

IOT, a panel data set has been created containing 1322 firms with origins in the ICT sector. 

We consider technological diversification into IOT as a ‘Blue Ocean’ strategy, that is, firms 

enter uncontested markets with untapped opportunities where competition is irrelevant. 

However, empirical research on the industry level has rather been limited in this area (Burke, 

van Stel et al. 2016). We focus on technological diversification of incumbent firms into IOT 

by looking similar at their past technological performance in ICT (Kim, Lee et al. 2017). The 

past technological performance in the ICT sector was measured in terms of having patents in 

the technology class of transmission technology (H04L: transmission of digital transmission). 

These firms have been active in a variety of emerging sub-sectors in the area of IOT:  

• Aviation and automobiles (284 firms);  

• Electronics and electrical manufacturing (250);  

• Software and computers (269);  

• Networking equipment (204); and,  

• Wireless equipment (162). 

The firms were clustered according to their similar patent portfolio observed over the 

period 1975 to 2015. The starting point of 1975 was chosen because of early technological 

developments in the area of IOT. The year 2015 was picked as the end point as it provides the 

recent yet complete set of patent applications. This classification generated 1169 observations 

and a ‘other’ category (153 firms), which was not included in the analysis due to the great 

diversity of patent holders in this category.  

The firms in the sample were responsible for a total of 875.667 patents in the IOT 

area. Most patent activity was observed in the sector electronics and electrical manufacturing 
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with 281.551 patents accounting for about 1/3 of all patents in the IOT area. This sector was 

considered as the most dynamic area in IOT. 

 
Table 1: Distribution of companies and patents according to technological field (1975 – 

2015) 

Technological field Number of patents Number of firms 

Aviation and automobiles 189,631 284 

Electronics and electrical manufacturing 281,551 250 

Software and computers 160,270 269 

Networking equipment 113,303 204 

Wireless equipment 130,912 162 

Total  875,667 1169 

 

Dependent Variable and Estimation Method 

The dependent variable, PATIOT, describes the total number of patent applications in the 

IOT area per firm during the period 1975 to 2015. As the dependent variable takes only 

nonnegative integer values, a negative binominal fixed-effects panel data model was 

considered as appropriate (Greene 2003) to the estimate the effects of technological 

diversification and the knowledge position of firms on their technological performance. By 

using this panel data estimation method, we are able to control for the impact of unobserved 

firm-specific characteristics related to the technological performance, which might bias the 

results of the analysis (Greene 2003). The empirical model tested in the analysis as the 

following: 

 

1  𝑃𝐴𝑇𝐼𝑂𝑇 = 𝛼 + 𝛽!𝑙𝑜𝑔𝑃𝐴𝑇𝐼𝐶𝑇 + 𝛽!DIV+ 𝛽!REL 

 

in which the variable PATICT indicates the total number of ICT patents of the firm, the 

variable DIV denotes the degree of technological diversification of the firm and the variable 

REL denotes the technological relatedness of the firm. We tested this statistical model across 

five different technological fields: Aviation and automobiles, Electronics and electrical 

manufacturing, Software and computers, Networking equipment and Wireless equipment. 

See Table 5 (below). 
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In the literature, there has been a discussion on the extent to which patent applications 

can be used as an indicator of a firm's technological performance (Brouwer and Kleinknecht 

1999; Hagedoorn and Cloodt 2003). Compared to other indicators, it has been shown that the 

patent data has advantages related to availability at the firm level, the longer period of 

coverage and the detailed information that is available. The disadvantages of using these data 

are related to varying patent applications across industries and lower propensities of smaller 

firms to patent (Brouwer and Kleinknecht 1999). 

Technological Diversification 

Technological diversification (DIV) defines the extent to which the patent portfolio of a firm 

is spread across different technology classes. In contrast to traditional measure (HHI index) 

used for technological diversification (Hall and Trajtenberg 2004), an entropy measure is 

utilized that allows to decompose the measure at the each sectoral digit level. As a result, the 

entropy measure can be used in a regression analysis without necessarily causing collinearity. 

We follow the approach outlined by Frenken et al (2007).  In order to account for relatedness 

in technological diversification, we use the concept of related variety (Franken et al, 2007) to 

examine the distinction between patents that are related to each other within the same IPC 

class. In this context, related technological variety addresses the variety in IPC codes within 

the same patent class. The strategic management literature has extensively used the entropy 

measure (Jacquemin and Berry, 1979; Hitt el al, 1997; Chen et al, 2010; Chen and Chang, 

2012). In terms of entropy measures, we defined technological diversification as: 

  

2                         𝐻! = 𝑃! 𝑙𝑜𝑔! 
1
𝑝! 

!

!!!

 

  

In formula (2), 𝐻0 is a variable for unrelated variety between IPC codes; 𝑝𝑖 is a variable for 

the share of each IPC code. To test for the relationship between technological diversification 

and technological performance, we utilized a linear (DIV) term of technological 

diversification in the empirical model. According to hypothesis H1, we expect a positive sign 

for DIV.  

  



	

	
Sadowski et al:  
Technological diversification and IOT 

11 

Technological Relatedness 

Technological relatedness (REL) is defined as the degree to which technologies share the 

same underlying knowledge base (that is, technologically related areas). In order to calculate 

the technological relatedness of a firm's patent portfolio, it is necessary to have for each pair 

of technology classes in a patent portfolio a measure of the level of technological relatedness. 

For example, in International Patent Classification (IPC) terminology, digital transmission 

technology H04L and telephonic communication H04M are related to each other on a four-

digit level as there is just single letter separating these codes. We expect a positive 

relationship between technological relatedness and the technological performance of 

companies. The relatedness in technological diversification is used to indicate the extent to 

which technologies share the same underlying knowledge base, that is, they are 

technologically related to each other. The variable 𝑃𝑔 indicates the related variety, i.e. the 

sum of the shares of each IPC code: 

 

3                                     𝑃! = 𝑝! 
!"#! 

 

  

We can disaggregate different level of relatedness at the 4- digit level. IPC codes should start 

in these cases with the same first four digits will be treated as related. 

Control variables   

The empirical model in this study controls for a number of factors that are likely to impact on 

technological performance. We controlled for the total innovative activities of companies in 

ICT by introducing a log variable for total patents in ICT (PATICT). A second control 

variable is the time these firms have already been engaged in patenting in ICT (YearsPat). It 

has been shown that companies, which can utilize a larger stock of patents are expected to be 

more experienced at the activity. This allows them to be more effective at generating new 

patents. In addition, experiences in developing patents is also expected to be linked to the 

period that the firm has been involved in patenting. 
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4. Findings 

Descriptive statistics    

In Table 2, we report the descriptive statistics of the dependent and explanatory variables. 

The mean numbers of patent applications in IOT (PATIOT) and patent applications in ICT 

(PATICT) in the sample amount to 1373 and 3620 in respective order. The mean 

technological diversification measure (DIV) is 4.50. As expected, the history of patenting in 

ICT for the companies in our sample is very long, with a mean of 25 years. 

Table 2: Descriptive Statistics	

Variable Description  Mean Standard Deviation 
PATIOT Number of patent application in IoT 1373 25106 
PATICT Number of patent application in ICT 3620 66154 
DIV Technological Diversification 4.50 5.01 
REL Technological Relatedness 3.77 0.94 
YearsPat Years of having patents in ICT 25 12 

 

In Table 3, we specified the coefficients of correlation between the variables of interest. The 

patent stock in IoT correlates highly with the total patent stock in ICT (0.999). Technological 

diversification (DIV) correlates negatively, but not particularly strong, with the level of 

technological relatedness. 

 

Table 3: Correlation Matrix 

 PATIOT PATICT DIV REL YearsPat 
PATIOT 1     
PATICT 0.999* 1    
DIV -0.202* -0.189* 1   
REL 0.373* 0.256* -0.417* 1  
YearsPat 0.301* 0.256* -0.253* 0.444* 1 
 

Results  

Table 4 displays the results of the fixed effects negative binomial estimation of the 

relationship between technological performance (that is, the number of patent applications, 

PATIOT), technological diversification, and technological relatedness. We performed a 

Hausman test to compare random effects and fixed effects estimations of the model. The 

results of test rejected the appropriateness of using random effects for the estimation. 
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Table 4: Results of Negative Binominal Fixed Effects Panel Data Analysis of Firm 

Technological Performance in IOT (PATIOT) 

 
 

PATIOT PATIOT 

PATICT 0.0002*** 
(0.0000) 

0.0001*** 
(0.0000) 

DIV  -5.1737*** 
(0.3600) 

REL  0.2949*** 
(0.0266) 

AviaAuto 0.2443*** 
(0.0900) 

0.0066 
(0.0834) 

ElectrElecM 0.6470*** 
(0.0915) 

0.4184*** 
(0.0860) 

SoftComp 0.6218*** 
(0.0904) 

0.3879*** 
(0.0839) 

NetwEquip 1.0792*** 
(0.0954) 

0.8969*** 
(0.0881) 

WirelessEq 0.7912*** 
(0.1004) 

0.6053*** 
(0.0923) 

_cons 1.5667*** 
(0.0730) 

0.9120*** 
(0.1200) 

   
N 1318 1318 
Ll -8662.2954 -8503.2328 

Chi-Square 1389.76 1707.88 
 

Model 1 includes only the control variables for the total number of ICT patents in ICT 

(PATICT) and the sector dummies (AviaAuto, ElectrElecM, SoftComp, NetwEquip and 

WirelessEq). As expected in the model the variable PATICT displays a positive sign. In 

addition, the sector dummies for four sectors (AviaAuto, ElectrElecM, SoftComp, NetwEquip 

and WirelessEq) indicate a positive effect on technological performance.  

In Model 2, the linear (DIV) term of technological diversification is added. The model 

shows a negative and significant impact of the linear term. These results strongly confirm H1: 

the marginal effect of technological diversification is negative for all firms in relation to their 

technological performance.  

The variable for technological relatedness (REL) is positive and significant 

confirming our second hypothesis (H2): the marginal effect of technological relatedness is 

positive with respect to the technological performance of companies.  

In order to examine the third hypothesis, we were estimating the parameters for the 

technological diversification and technological relatedness for the companies in the five 

different technological fields. Table 5 shows the results of the estimates for the five negative 
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binominal regression models. In general, these models confirm the results shown in Table 4 

for all firms in the IOT sector. The signs for the variable for technological diversification 

(DIV) are negative and significant in all models. In addition, the signs for the variable for 

technological relatedness (REL) are positive and significant. In addition, the control variable 

for total patenting (PATICT) is positive and significant in all models. However, more 

interestingly we were examining the differences in the magnitude of the parameters for the 

five technological fields.  

 
Table 5: Results of Negative Binominal Fixed Effects Panel Data Analysis of Firm 

Technological Performance in IoT sectors (PATIOT) 

 
 

AviaAuto ElectrElecM SoftComp NetwEquip WirelessEq 

PATICT 0.0001*** 
(0.0000) 

0.0001** 
(0.0000) 

0.0001*** 
(0.0000) 

0.0004*** 
(0.0001) 

0.0001*** 
(0.0000) 

DIV - 4.4122*** 
(0.8534) 

- 11.1670*** 
(1.5120) 

- 6.9220*** 
(1.2310) 

- 7.6667*** 
(2.4377) 

- 10.0937*** 
(1.0492) 

Related 0.2868*** 
(0.0676) 

0.3645*** 
(0.0995) 

0.3016*** 
(0.0794) 

0.0889*** 
(0.1670) 

0.3778*** 
(0.1069) 

_cons 0.9647*** 
(0.2668) 

1.2834*** 
(0.3113) 

1.4173*** 
(0.3350) 

2.2924*** 
(0.6663) 

1.4754*** 
(0.4089) 

      
N 284 250 269 204 162 
Ll -1839.9924 -1601.2468 -1773.6372 - 1282.3046 -967.75357 

Chi-Square 375.15 328.13 393.18 304.32 350.15 
 

* Indicates significance at .1; ** Indicates significance at .05; *** Indicates significance at .01 
 

The coefficients for technological diversification vary greatly between a low 

magnitude in the technological field of aviation and automobile (-4.4122) (AviaAuto) and a 

high magnitude in the field of electronics and electrical manufacturing (-11.1670) 

(ElectrElecM). This indicates that the negative effects of technological diversification on 

technological performance differ across the technological fields, with lowest negative effects 

in the sector with rapid technological change like electrical manufacturing and electronics. 

In addition, the coefficients for technological relatedness differ across sectors from 

high coefficients in the technological fields of electronics and electrical manufacturing 

(0.3645) (ElectrElecM), wireless equipment (WirelessEq)(0.3778) and software and 

computing (SoftComp)(0.3016) to lower coefficients for networking equipment 

(NetwEquip)(0.0889) indicating that technological relatedness has smaller marginal effects 

on technological performance in some sectors. In other words, in sectors characterized by 

rapid technological change like electrical manufacturing and electronics where, contrary to 
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expectations, firms are experiencing more negative effects on their innovative performance if 

they were more technologically diversified and less focused on technologically relatedness. 

Hypothesis 3 was, therefore, not confirmed.   

5. Discussion and conclusions 

The paper has examined, in detail, the effects of technological diversification on 

technological performance by companies in the ICT sector. This industry has been affected 

by rapid technological change in a number of technological fields in particular in the area of 

the IOT. The analysis used a sample of 1322 firms that are active in the ICT industry and 

have diversified into the area of IOT. The paper focused on the technological diversification 

and technology relatedness of these firms in the different technological fields in IOT, namely, 

Aviation and Automobile; Electronics and Electrical Manufacturing; Software and 

Computing, Network Equipment and Wireless Equipment. 

By using a fixed effect negative binominal model, the paper estimated the effects of 

technological diversification and technological relatedness on technological performance, 

first, with a model including all firms in the sector and second with a model focusing on the 

different technological fields in IOT. The results of the analysis confirmed the hypotheses 

that technological relatedness is positively (H01) and technological diversification negatively 

(H02) related to technological performance. However, our analysis did not provide any 

support for hypothesis 3, namely, that companies in sectors affected by more rapid 

technological change should be follow a broader technological diversification strategy and 

focus less on technological relatedness.  

Our methodology enables us to identify technological diversification etc. at the firm 

level. The leading firms in each cluster are identified in Appendix 1 – 5. Each of the clusters 

identifies a company whose presence is, to say the least, surprising or intriguing and thus 

suggests further research. With regards to the first cluster, ‘Aviation and Automobile’, in 

many respects the leading companies are what you would expect to see. They range from 

component orientated manufacturing companies like Siemens to those producing aviation 

electronic systems such as Texas Instruments, Mitsubishi and Honeywell Inc. What is 

surprising, however, is the presence of GE Medical System Global Technology Co among the 

leading companies. Quite simply, the name of this company would suggest that it is better 

suited elsewhere. One explanation for this is that the cluster is too broad in its scope, and that 

further research is required to shed light on the composition of the patent portfolio of 
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companies, both in general and with particular respect to conglomerates or multi-divisional 

companies like Hitachi, Toshiba or Siemens. Examining the portfolio of a company at the 

parent level may obscure interesting developments that are occurring within operating 

divisions. A second explanation that requires further consideration is whether the underlying 

technologies within this cluster, as represented by a series of closely related patents, lend 

themselves to multiple users within different markets. In other words, are the patents held by 

the leading companies in this cluster sufficiently versatile (flexible) that they can support the 

development of multiple products across different markets?  

Given the prominence of Asian countries in electronics and electrical manufacturing, 

which initially saw the rise of Japan but then, more recently, other countries like China, 

Taiwan and South Korea, the leading companies within the ‘electronics and electrical 

manufacturing’ cluster (Appendix 2) are to be expected. The great surprise, however, is the 

presence of Philips, a Dutch company, among the list. Not only is Philips the sole non-Asian 

representative but also it is also the more surprising given its strategy in recent decades. After 

expanding into numerous markets, and becoming an archetypical conglomerate, albeit with a 

focus on electronics, Philips has divested many of its operations. It, for example, spun-off its 

semi-conductor operations in 1988 and sold Polygram to Seagram in 1998. This ‘salami 

slicing’ of the company continued until it divested Philips Lighting, the traditional core of the 

company, in 2016. This refocusing of the company is such, that Philips is now classed as a 

‘healthcare’ company on the Dutch stock exchange. 

While this restructuring and refocusing has been occurring, Philips has continued to 

spend significant sums on R&D activities. It is no exaggeration to state that Philips has been 

for many years a key component of the Dutch R&D landscape, working with the government 

as well as universities, and through this they have developed a substantial patent portfolio. 

This helps explain the disconnect between the large patent portfolio of Philips, both generally 

and in respect to IOT, and the current rather narrow focus of the company on a single line of 

business, namely, healthcare. While this legacy has arguably advantageously placed today’s 

Philips for the future, it has, after all, almost 9,000 IOT related patents, it is debatable 

whether the company has the means to identify and then exploit ‘Blue Oceans’, that is, 

uncontested markets where rivals are absent. The company’s narrow operational focus on 

healthcare inevitable means that it is well placed to identify and exploit developments in this 

market, but the focusing on a single market means that it lacks the ability to monitor 

developments in other (related) markets.  
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Furthermore, it may also lack the financial resources needed to develop any new 

markets that it identifies as it is considerably smaller than many of its rivals in the cluster. 

Having said this, there are, of course, advantages to both being focused on a single market as 

well as smaller than your rivals. The focus facilitates a better understanding of developments 

with the market, while being smaller enables swifter responses to changes and opportunities. 

It is not clear from our analysis where the balance lies between size and scope on the one 

hand, and focus and nimbleness on the other. That both small and large companies are 

identified in research reports suggests that the ‘winner takes all’ structure that characterizes 

many high-technology markers has yet to emerge with regards to IOT.  

Within the context of ‘Blue Oceans’ this suggests another line of further research, 

namely, exploring whether or not small companies seek to protect their technology through 

patents. New entrants into IOT markets may prefer to focus on developing their market 

presence and attracting customers than on investing what could be for them considerable 

resources on acquiring patents. Moreover, patents place information regarding a product into 

the public domain, with the consequence that companies may be reluctant to patent for fear of 

revealing too much information to (actual or potential) rivals. In other words, patenting may 

reveal markets and encourage other companies to enter them. 

At first glance, there is a significant omission from the leading companies in the 

‘software and computing’ cluster (Appendix 3): Microsoft. On closer examination, however, 

it becomes apparent that Microsoft is present through one of its subsidiaries, Avicode Inc. 

That Microsoft has chosen to register its patents through a subsidiary raises another issue that 

requires further consideration, namely, the impact of merger and acquisition activity on the 

patent portfolio of companies. While this has been alluded to above with respect to Philips, it 

is arguably a more acute issue in those industries characterised by rapid innovative activity – 

as demonstrated through large scale ‘start-up’ activity or the presence of venture capital – but 

also the willingness of larger, established, companies to acquire these companies. Microsoft, 

along with Cisco, Google, Intel and Oracle, are all active purchasers of companies, and while 

the larger deals may grab the headlines the frequency and scope of the smaller ones raises the 

possibility that they are acquiring (new) technologies. One way to examine whether this is the 

case would be to identify the acquired companies and then determine if they had a patent 

portfolio at the time of the purchase. A comparison could then be drawn between the number 

of acquired patents and the number generated internally, with the higher the ratio the stronger 

the suggestion that the company is acquiring existing (or future) products. 
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If established companies are using their financial muscle to acquire start-ups, then 

they are in effect using these innovative companies to identify new markets that they should 

be present in. This is, however, not the same as entering uncontested markets in a manner 

consistent with the notion of a ‘Blue Ocean’ strategy. Instead the strategy centres on the use 

of start-ups to demonstrate the viability of a new market, which is then swiftly followed by 

their purchase by a (larger) company whose resources – financial, distributional, relational 

etc. – are then used to develop the market. Rivals may exist, but through utilising the 

resources from the now parent company it is expected that the acquired company will out 

grow them and come to dominate its own particular market. Having said this, if the acquired 

company operates in a market lacking a dominant actor and is characterised by diversity, then 

the new market could be interpreted as being uncontested. 

Appendix 4 details the leading companies within the ‘networking equipment’ cluster. 

The inclusion of Cisco Systems is no surprise, but the presence of three companies – Lucent, 

Alcatel and Nortel – arguably is, given the financial problems that have experienced in 

recent. This reiterates the gap, first noted above with respect to Philips, that can exist between 

the financial and patent performance of companies. While these companies possess a 

substantial portfolio of IOT related patents, and thus could be well placed to exploit the 

growth in IOT markets, whether they are able to do so is uncertain.  

The leading companies of the ‘wireless equipment’ cluster (Appendix 5) are a mix of 

well-established manufacturing companies like Ericsson along with companies that have 

arguably seen better days like Motorola and Nokia. In this respect, there is a common thread 

to the leading companies in ‘networking equipment’ and ‘wireless equipment’. What is 

different, however, is the presence of Qualcomm as well as ETRI – both are research and 

development orientated, though Qualcomm as a private company is different from ETRI 

which is a research institute. The presence of these two companies highlights the complex set 

of relationships that can exist between companies, with some developing and then licensing 

technology to those who use it in the development of their own products and services. While 

this may facilitate the entry of companies into new markets, it also places them at the mercy 

of another party whose commercial interests may change over time.  

 In summary: this paper has sought to understand technological diversification by 

leading ICT companies into IOT. While evidence among our sample of 1322 leading ICT 

companies supported the three hypotheses, which are based on the literature, that we 

suggested, the findings also suggested a range of issues that require further investigation and 
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thus clarification. These issues are diverse, reflecting both the uncertainty and dynamism 

surrounding IOT as well as complexity of issue processes that occur within and between 

companies.  



	

	
Sadowski et al:  
Technological diversification and IOT 

20 

References 

Anthopoulos, L. G. (2015). Understanding the smart city domain: A literature review. In, Rodriguez-
Bolivar, M.P., editor, Transforming city governments for successful smart cities, Springer: 9-21. 

Arrow, K. (1962). Economic Welfare and the Allocation of Resources for Invention. In, Neloson, R., 
Editor, The Rate and Direction of Inventive Activity: Economic and Social Factors. Princetown, 
Princetown University Press. 

Baccarne, B. et al. (2014). Empowered cities? An analysis of the structure and generated value of the 
smart city Ghent. In, Dameri, R.P. & Rosenthal-Sabroux, C, editors, Smart City, Springer: 157-182. 

Barney, J. (2006). Gaining and Sustaining Competitive Advantage. New York, Addison-Wesley 
Publishing. 

Breschi, S. et al. (2003). "Knowledge-relatedness in firm technological diversification." Research 
Policy 32(1): 69-87. 

Brouwer, E. and A. Kleinknecht (1999). "Innovative Output, and a Firm's Propensity to Patent. An 
Exploration of CIS Micro Data." Research Policy 28: 615-624. 

Brusoni, S. et al. (2001). "Knowledge Specialization, Organizational Coupling, and the Boundaries of 
the Firm: Why Do Firms Know More than They Make?" Administrative Science Quarterly 46(4): 
597-621. 

Cantwell, J. (2004). An historical change in the nature of corporate technological diversification. The 
Economics and Management of Technological Diversification, Routledge. 

Cantwell, J. and B. Andersen (1996). "A statistical analysis of corporate technological leadership 
historically." Economics of Innovation and New Technology 4(3): 211-234. 

Chen, J. et al. (2010). "Measuring technological diversification: identifying the effects of patent scale 
and patent scope." Scientometrics 84(1): 265-275. 

Chen, Y.-S. and K.-C. Chang (2012). "Using the entropy-based patent measure to explore the 
influences of related and unrelated technological diversification upon technological competences and 
firm performance." Scientometrics 90(3): 825-841. 

Curran, C.-S. et al. (2010). "Anticipating converging industries using publicly available data." 
Technological Forecasting and Social Change 77(3): 385-395. 

Curran, C.-S. and J. Leker (2011). "Patent indicators for monitoring convergence – examples from 
NFF and ICT." Technological Forecasting and Social Change 78(2): 256-273. 

Da Silveira, G. et al. (2001). "Mass customization: Literature review and research directions." 
International Journal of Production Economics 72(1): 1-13. 

Dosi, G. (1982). "Technological Paradigms and Technological Trajectories." Research Policy 11: 
147-162. 

Dosi, G. (1988). "Sources, Procedures, and Microeconomic Effects of Innovation." Journal of 
Economic Literature 26: 1120-1171. 

Fai, F. M. (2003). Corporate technological competence and the evolution of technological 
diversification. Chelthenham, Edward Elgar. 

Fogliatto, F. S. et al. (2012). "The mass customization decade: An updated review of the literature." 
International Journal of Production Economics 138(1): 14-25. 

Frenken, K. (2007). "Related variety, unrelated variety and regional economic growth." Regional 
Studies 41(5): 685-697. 

Gambardella, A. and S. Torrisi (1998). "Does technological convergence imply convergence in 
markets? Evidence from the electronics industry." Research Policy 27(5): 445-463. 



	

	
Sadowski et al:  
Technological diversification and IOT 

21 

Gans, W. et al. (2013) “Smart meter devices and the effect of feedback on residnetial electricity 
consumption: Evidence from an natural experiment in Northern Ireland.” Energy Economics 36: 729-
743. 

Garcia-Vega, M. (2006). "Does technological diversification promote innovation?: An empirical 
analysis for European firms." Research Policy 35(2): 230-246. 

Gerybadze, A. and M. Stephan (2002). Determinants of technological diversification: an analysis of 
corporate diversification patterns. Discussion paper on international management and innovation 02-
01, Stuttgart, University of Hohenheim. 

Granstrand, O. (2001). The Economics and Management of Intellectual Property Cheltenham, Edward 
Elgar. 

Granstrand, O. (1997). "Multi-technology corporations: why they have" distributed" rather than" 
distinctive core" competencies." California Management Review 39(4): 8-25. 

Greene, W. (2003). Econometric Analysis. Upper Saddle River, Prentice Hall. 

Hagedoorn, J. and M. Cloodt (2003). "Measuring innovative performance: is there an advantage in 
using multiple indicators?" Research Policy 32(8): 1365-1379. 

Hitt, M. A., et al (1997). "International diversification: Effects on innovation and firm performance in 
product-diversified firms." Academy of Management Journal 40(4): 767-798. 

Jacquemin, A. P. and C. H. Berry (1979). "Entropy Measure of Diversification and Corporate 
Growth." The Journal of Industrial Economics 27(4): 359-369. 

Katz, M. (1996). "Remarks on the Economic Implications of Convergence." Industrial and Corporate 
Change 5(4): 1079-1095. 

Kim, H., et al. (2009). "How should firms carry out technological diversification to improve their 
performance? An analysis of patenting of Korean firms." Economics of Innovation and New 
Technology 18(8): 757-770. 

Kim, W. C. and R. Mauborgne (2005). Blue Ocean Strategy: How to create uncontested market space 
and make the competition irrelevant. Cambridge, Mass, Harvard Business School Press, Boston, MA. 

Kim, W. C. and R. Mauborgne (2014). Blue Ocean Strategy - Expanded Edition: How to create 
uncontested market space and make the competition irrelevant. Cambridge, Mass, Harvard Business 
Review Press. 

Kim, W.C. and R. Mauborgne (2015) Blue Ocean Strategy – How to Create Uncontested Market 
Space and Make the Competition Irrelevant. Cambridge, Mass, Harvard Business Review Press. 

Kodama, F. (1986). "Technological diversification of Japanese industry." Science 233: 291-297. 

Kogut, B. and U. Zander (1992). "Knowledge of the firm, combinative capabilities, and the 
replication of technology." Organization Science 3(3): 383-397. 

Leten, B. et al. (2007). "Technological diversification, coherence, and performance of firms." Journal 
of Product Innovation Management 24(6): 567-579. 

Lin, B.-W. et al. (2006). "Patent portfolio diversity, technology strategy, and firm value." IEEE 
Transactions on Engineering Management 53(1): 17-26. 

Lynn, G. et al. (1996). "Marketing and Discontinuous Innovation: The Probe and Learn Process." 
California Management Review 38(3): 8-37. 

Mihm, J. et al. (2015). "On the Effectiveness of Patenting Strategies in Innovation Races." 
Management Science 61(11): 2662-2684. 

Nelson, R. and R. Winter (1977). "In Search of a Useful Theory of Innovation." Research Policy 6(1): 
36-76. 



	

	
Sadowski et al:  
Technological diversification and IOT 

22 

Pavitt, K. (1998). "Technologies, Products and Organization in the Innovating Firm: What Adam 
Smith Tells Us and Joseph Schumpeter Doesn't." Industrial and Corporate Change 7(3): 433-452. 

Pavitt, K. and P. Patel (1997). "The Technological Competencies of the World's Largest Firms: 
Complex and Path-Dependent, But Not Much Variety." Research Policy 26(2): 141-156. 

Roberts, F. (2017) Vodafone claims to surpass 50 million IOT connections, but how useful are the 
numbers? iB, 2 March, available at: internetofbusiness.com 

Rosenberg, N. (1982). Inside the Black Box: Technology and Economics. Cambridge, Cambridge 
University Press. 

Rycroft, R. W. and D. E. Kash (1999). The complexity challenge: Technological innovation for the 
21st century. Andover, Cengage Learning EMEA. 

Sadowski, B. et al. (2016). "Technological Diversification of ICT companies into the Internet of 
things (IoT): A Patent -based Analysis " 27th European Regional Conference of the International 
Telecommunications Society, Cambridge, United Kingdom, 7th - 9th September 2016. 

Schumpeter, A. (1942). Capitalism, Socialism and Democracy. New York, Harper. 

Teece, D. et al. (1997). "Dynamic Capabilities and Strategic Management." Strategic Management 
Journal 18(7): 509-533. 

van de Vrande, V. et al. (2011). "Technology In-Sourcing and the Creation of Pioneering 
Technologies." Journal of Product Innovation Management 28(6): 974-987. 

Wernerfelt, B. (1984). "A Resource-Based View of the Firm." Strategic Management Journal 5: 171-
180. 

Zack, M. H. (1999). "Developing a knowledge strategy." California Management Review 41(3): 125-
145. 

	
  



	

	
Sadowski et al:  
Technological diversification and IOT 

23 

Appendix 1: Top 10 Firms in the Cluster Aviation and Automobile    
   

Company Total 
Number of 
IoT patents 

Share on 
Total IoT 

DIV REL Share of IoT 
in ICT 

FUJITSU KIDEN LTD 17611 9.3% 0.020 4.676 40.68% 
NEC CORP 16372 8.6% 0.001 5.802 39.58% 
TOSHIBA CO 14145 7.5% 0.009 5.359 26.50% 
HITACHII CO 13030 6.9% 0.002 3.964 26.94% 
BELL TEL LAB INC,US 8970 4.7% 0.070 2.396 51.59% 
AG SIEMENS 8895 4.7% 0.008 4.699 32.95% 
TEXAS INSTRUMENTS INC 6384 3.4% 0.017 4.415 25.99% 
MITSUBISHI CORP 5967 3.1% 0.047 4.541 25.52% 
GE MED SYS GLOBAL TECH CO LLC 5085 2.7% 0.035 2.077 16.05% 
HONEYWELL INC 2956 1.6% 0.020 4.676 20.82% 
Total in cluster 189631 

 
50.9% 

 
0.402 3.918 39.76% 
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Appendix 2: Top 10 Firms in the Cluster Electronics and Electric Manufacturing 
 
Company Total 

number of 
IoT Patents 

Percentage 
of IoT 

patents on 
Total IoT 

DIV REL Percentage 
of IoT 

patents in 
ICT 

      
SONY CO 34480 12.25% 0.0004 6.0968 58.80% 
SAMSUNG ELECT 32708 11.62% 0.0004 5.6030 36.30% 
CANON KK 26963 9.58% 0.0004 5.2574 43.52% 
LG ELECT INC 13858 4.92% 0.0175 4.2388 50.00% 
HEWLETT PACKARD 11998 4.26% 0.0041 5.3996 10.41% 
KONINKLIJKE PHILIPS 
ELECT NV 

11734 
4.17% 0.0012 5.3981 31.86% 

MATSUSHITA ELECT CO 
LTD 

10075 
3.58% 0.0033 3.8422 95.59% 

FUJI ELECT CO 10051 3.57% 0.2145 3.2061 79.34% 
PANASONIC TECH 8991 3.19% 0.0366 2.9348 42.86% 
RICOH CORP 7367 2.62% 0.0010 4.9657 38.06% 
Total in cluster  281551 59.75% 0.0423 3.8438 57.97% 
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Appendix 3: Top 10 Firms in the Cluster Software and Computing 
 
Company Total 

number of 
IoT patents 

Share of 
IoT in total 
IoT patents 

DIV REL Share of 
IoT in ICT 

      
IBM 35840 22.36% 0.0149 3.1622 28.29% 
AVICODE INC 20984 13.09% 0.0001 4.9894 45.96% 
INTEL CORP 15147 9.45% 0.0601 4.4817 41.09% 
APPLE COMPUTER  7963 4.97% 0.2004 3.5636 49.98% 
ORACLE CORP 6512 4.06% 0.0382 3.0575 37.17% 
GOOGLE INC 5078 3.17% 0.0488 3.0975 34.86% 
RESEARCH IN 
MOTION 

4943 
3.08% 0.0014 5.1141 73.28% 

BLACKBERRY LTD 2235 1.39% 0.0037 4.9474 76.99% 
EMC CORP 1527 0.95% 0.0941 2.9365 36.63% 
AMAZON COM INC 1497 0.93% 0.0017 4.0927 39.69% 
Total in cluster 160270 

 
63.47% 

 
0.0366 3.7240 46.00% 
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Appendix 4: Top 10 Firms in the Cluster Networking Equipment 
 
 

Company Total Number 
of IoT patents 

Share of firm 
IoT in total 

IoT 

DIV REL Share of 
IoT in 
Total 
ICT 

CISCO SYSTEMS INC 12339 10.89% 0.0006 4.5822 88.95% 
LUCENT TECH 8326 7.35% 0.3043 2.2567 72.02% 
ALCATEL 7989 7.05% 0.0018 5.2710 84.32% 
INTELLECTUAL PROPERTY 7523 6.64% 0.0145 4.3882 80.94% 
HUAWEI CO LTD 6530 5.76% 0.0242 4.2724 80.84% 
AT&T 5801 5.12% 0.0159 4.3403 99.26% 
NORTEL NETWORK CORP 4216 3.72% 0.0578 2.4086 90.55% 
VERIZON BUSINESS 4009 3.54% 0.0022 4.4925 81.40% 
SPRINT COMMS LP 3274 2.89% 0.0027 4.1016 86.29% 
Total in cluster 113303 

 
56.33% 

 
0.0501 3.6389 84.83% 
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Appendix 5: Top 10 Firms in the Cluster Wireless Equipment 
 

Company	 Total	
Number	
of	IoT	
Patents	

Share	of	
firm	IoT	in	
Total	IoT	

DIV	 REL	 Share	
of	IoT	
patents	
in	ICT	

	 	 	 	 	 	
QUALCOMM	 28032	 21.41%	 0.0455	 3.8182	 76.72%	
MOTOROLA	 20060	 15.32%	 0.0012	 5.8805	 58.98%	
ERICSSON	AB	 16306	 12.46%	 0.0278	 4.3831	 86.84%	
NOKIA	CORP	 12656	 9.67%	 0.0400	 2.7084	 81.14%	
BROADCOM	CORP	 9397	 7.18%	 0.0014	 5.3825	 76.67%	
ELECT	&	TELECOM	RES	INST	 5885	 4.50%	 0.1504	 2.5721	 58.30%	
NTT	DOCOMO	 3607	 2.76%	 0.0034	 4.3326	 91.34%	
INTERDIGITAL	CORP	 3336	 2.55%	 0.0606	 3.2730	 97.83%	
Marvell	International	Ltd.	 3086	 2.36%	 0.0755	 4.6875	 49.69%	
HARRIS	CORP	 1952	 1.49%	 0.0197	 3.8967	 48.29%	
Total	industry	 130912	 79.68%	 0.0578	 3.6981	 79.02%	

	
 
 


