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A B S T R A C T  
 
It is widely recognized that innovation is increasingly important to firms since marketplaces are becoming more 
and more dynamic. Firms need to innovate to respond to changes in the demands of customers so that they may 
capitalize on opportunities regarding changing marketplaces, structures, dynamics and technology. Business 
executives, policymakers, scholars and public administrators continue to advocate that innovation is essential 
for economic growth, competitive advantage, industrial and technological change. As a result, patents play an 
increasingly important role in innovation and economic performance and product introductions. An especially 
interesting example industry in which continuous innovation important is the semiconductor industry and 
interesting company that has made some remarkable progress in innovation and (economic) growth is ASML. 
For this reason, the focus of this research is to examine the differences between ASML and its peers based on 
measures using patent-based indicators, firm performance indicators and product introductions. It aims to find 
the underlying reason why ASML has made such significant process by looking at patent-based indicators, firm 
performance indicators and product introductions. This thesis concludes, in general, that ASML often (on 
average) performs better than its peers when looking at these firm performance indicators. When we look around 
the time of the product introductions and between the introductions we mainly notice patterns from the product 
life cycle theory and the technological life cycle theory, such as, s-curved patters and rapid penetration patterns. 
In general, ASML and Nikon seem to have fewer but larger cycle patterns whereas Canon and Ultratech have 
multiple (somewhat) smaller cycles. When considering ASML as an innovator, we could state that Teece's 
(1986) does not hold for ASML and its peers because ASML seems to perform well based on firm performance 
indicators (on average often better than its peers) and perform well based on patent analysis. 
 

 
1. Introduction 

Already as early as 1950, Schumpeter asserted that 

firms should innovate to renew and extend the value of their 

asset funds (Rowley, Baregheh, & Sambrook, 2011). 

According to Schumpeter (1934), “carrying out 

innovations is the only function which is fundamental in 

history”. Since Schumpeter’s theory of economic 

development, innovation has been regarded as one of the 

main components of firm performance and economic growth 

(Arts, Appio, & Van Looy, 2013). 

It is widely recognized that innovation is increasingly 

important to firms since marketplaces are becoming more 

and more dynamic. Firms need to innovate to respond to 

changes in the demands of customers so that they may 

capitalize on opportunities regarding changing marketplaces, 

structures, dynamics and technology (Rowley et al., 2011).  

Business executives, policymakers, scholars and public 

administrators continue to advocate that innovation is 

essential for economic growth, competitive advantage, 

industrial and technological change (Damanpour, Walker, & 

Avellaneda, 2009). 

A fundamental concept in the literature of innovation is 

that of “type of innovation” proposed by Henderson and 

Clark (1990). According to Henderson and Clark (1990), 

there are four types of innovation, namely, incremental, 

modular, architectural and radical innovation. This research 

will focus on one of those four types, namely, radical 

innovation. 

While innovation can be defined as improving, 

upgrading, enhancing or making a notable contribution to an 

existing product, process or service, inventions, in its purest 

form, can be defined as the creation of something, a product 

or introduction of a process, for the first time. Thus, before 
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innovation can happen, inventions need to be made. As a 

result, patents play an increasingly important role in 

innovation and economic performance (OECD, 2004). 

According to the OECD, the number of patent applications 

filed in Europe, Japan and the United States has increased by 

more than 40% (OECD, 2004). Patents represent an 

invention in a specific area of technology and beside that a 

substantial part of the information presented in patents is 

relatively new. Thus, patent research and analysis has 

become vital for both companies, regarding legal and 

managerial aspects, and scholars. (Abbas, Zhang, & Khan, 

2014).  

Verhoeven, Bakker and Veugelers (2013) propose three 

patent-based measures, reflecting three distinct technological 

dimensions of radical innovation or also called dimension of 

novelty. The three patent-based measures are New Origins, 

New Functionality and New Impact. 

Hall, Jaffe and Trajtenberg (2001) propose to use the 

patent-based indicators “originality” and “generality” as well 

as forward citations itself, all measures regarding breadth and 

depth of patents. 

 Referring back to the beginning of this section, an 

especially interesting example industry in which continuous 

innovation important is the semiconductor industry. 

According to a Mckinsey’s (2013) article the semiconductor 

industry has recorded impressive achievements since 1965. 

This is when Intel cofounder Gordon Moore published the 

observation that would become the industry’s standard called 

Moore’s law. (McKinsey, 2013)   

Moore's law states that every two years the number of 

transistors on integrated circuits doubles. This has set the 

pace for the past five decades for (innovation) progress in the 

industry. This constant scaling down that the law predicts has 

resulted in positive side effects such as cost reductions, less 

power consumption, and more compactness of the chips (see 

table 1) resulting in the important role that semiconductor-

enabled products play in nearly all aspects of (modern) life. 

(Peper, 2017; SEMI, 2015; McKinsey, 2013) 

 
Table 1 - Progression of the semiconductor industry (adapted from 

infographic, figure 3 in appendix) 

  1971 2015 

Price per chip $351 $393 

Price per 1,000 transistors $150 $0.0003 

Number of transistors per chip 2,300 1,300,000,000 

Minimum feature size on chip 10,000nm 14nm 

 

1.1. Problem description and case choice 

As we have seen in the previous part of this introduction 

innovation is increasingly important and regarded as one of 

the main components of firm performance and economic 

growth and additionally that patents and patent analysis play 

a critical role for companies. We have also seen the 

importance in the semiconductor industry.  

An interesting company that has made some remarkable 

progress in innovation and (economic) growth is ASML.  

Their market share (in terms of unit sales) went from 

around 10% in the early 90s to a little bit under 60% in 2016 

making ASML the market leader (see figure 1).  

When we look at figure 1 we can clearly see that ASML 

has made some remarkable growth since the beginning, 

whereas Nikon has declined from around 60% to around 15% 

in 2016. Looking at Canon we can see that Canon has mostly 

stayed between the 10 and 30%, however they have managed 

to increased their market share significantly after a massive 

dip around the financial crisis.  

When we look at market share in terms of revenue, 

ASML has a dominance over the semiconductor lithography 

market with 85.4% market share compared with Nikon 

10.3% and Canon with 4.3% (Clarke, 2018). Therefore, we 

can clearly see that ASML managed to keep growing since 

the early 90’s and had an increasing trendline growing into 

being #451 on the Forbes global2000 list which lists the 

world's largest public companies (Forbes, 2018). 

According to Teece (1986) innovators (firms that first 

commercialize a new product or process) are often 

outperformed by competitors/imitators who profited more 

than the firm that first commercialized it. The Thomson 

Reuters top 100 Global Innovators list of 2011 recognizes 

ASML as one of the Top 100 global innovators in all 

industries in innovation and economic growth in 2011 

(ASML, 2012). Considering that and the growth ASML has 

made, as previously described, we might consider ASML as 

an innovator that has been able to perform well. For this 

reason, we are going to look at the lithography industry and 

see if Teece's (1986) theory also seem to hold for ASML and 

its peers. 

Taking everything that has been previously stated into 

consideration, it will be especially interesting to research how 

ASML differs in the way they operate (firm performance and 

product introductions) and handle their patents (patent-based 

indicators) compared to their industry peers. This can be 

especially interesting with a two by two design, two 

companies performing relatively well (ASML and Canon) 

and two companies that did not perform that well (Nikon and 

Ultratech).  

 

1.2. Research goal and research questions 

The focus of this research is to examine the differences 

between ASML and its peers based on measures using patent-

based indicators, firm performance indicators and product 

introductions. For the patent-based indicators, this research 

Figure 1 - Market share of lithography systems by vendor 1993-2016 

(Castellano, 2017) 
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will build upon the work of Verhoeven, Bakker and 

Veugelers (2013) and Hall, Jaffe and Trajtenberg (2001). The 

goal of this research is to explore patent strategy, firm 

performance and product introductions with ASML and its 

industry peers. 

The following central research question has been 

formulated in order to carry out the master thesis:  

CQ: “How does ASML differ from their industry peers when 

looking at firm performance indicators, patent-based 

indicators and product introductions?” 

Furthermore, this question is divided into the following 

sub-questions: 

SQ1: “How does ASML differ from its industry peers based 

on firm performance indicators? 

In the introduction we have seen that ASML has made 

some remarkable growth in terms of unit market share but 

also market share based on revenue.  With this question we 

are going to look at how ASML is performing compared to 

its peers and if ASML is, in fact, performing better than its 

peers. 

SQ2a: “When looking at the mapped patent-based indicators 

and product introductions, what patterns can be seen?” 

SQ2b “When looking at the mapped patent-based indicators 

and product introductions, how do ASML’s patterns differ 

from its peers?” 

With these two questions we are going to look at the 

patterns that (might) emerge when we map the patent-based 

indicators together with the product introductions. We are 

going to look at what happens with the indicators around the 

time of the product introductions and compare this with the 

other companies.  

 

1.3. Thesis structure 

This thesis is organized as follows. We begin with an 

examination the performance of the firms and how ASML 

differs from its peers. Next, we look at the mapped patent-

based indicators and product introductions. Finally, we 

discuss and conclude the results and main finding, important 

limitations and opportunities for future research.  

 

2. Theoretical background  

 

2.1. Firm performance 

According to Neely, Gregory and Platts (1995) the level 

of performance a firm obtains is a function of the efficiency 

and effectiveness of the actions a firm undertakes. Hence, 

performance measurement can be defined as the process of 

measuring the efficiency and effectiveness of the firm’s 

actions (Neely, Gregory, & Platts, 1995). 

The measurement of firm performance measurement is 

critical for effectively managing a firm because process 

improvement is not possible without measuring outcomes. A 

firm's success can be explained as its performance over a 

certain period of time. Determining measures for the concept 

of performance is a crucial notion and researchers make 

extended efforts to do so because finding measurements for 

the performance of firms enables comparison of 

performances over a certain period of time. Yet, no firm 

performance measurement with the ability to measure every 

performance aspect has been proposed to date. (Al-Matari, 

Al-Swidi, & Fadzil, 2014) 

The literature of firm performance reveals that different 

measures have been used by the researchers to measure the 

performance. For instance, Return on Assets (ROA) and Q 

ratio are prevalent in firm performance studies as they are 

used as common firm performance proxies in regression 

analysis (Frijns, Dodd, & Cimerova, 2016; Morgan, Vorhies, 

& Mason, 2009; Peni, 2014; Lu & Shang, 2017). Whereas, 

for instance, Return on Equity (ROE), Return on Sales 

(ROS), Market-to-Book Value and Return on Investment 

(ROI) is prevalent in other studies (Morgan, Vorhies, & 

Mason, 2009; Calantone, Vickery, & Dröge, 1995) 

According to Venkatraman & Ramanujam, (1996), 

these firm performance measurements can be classified into 

either accounting-based and market-based measurements. 

The first type of measurements are accounting-based 

measurements, commonly considered as an effective 

indicator of the company’s profitability and its business 

efficiency and effectiveness (Venkatraman & Ramanujam, 

1996; Al-Matari, Al-Swidi, & Fadzil, 2014). The accounting-

based measures can be characterised as short-term oriented 

measures. Such measures are, for example:  

- sales growth; 

- profitability - reflected by ratios such as Return On 

Investment (ROI), Return On Assets (ROA), Return On 

Sales (ROS), Return On Equity (ROE); 

- Earnings Per Share (EPS), and so forth. (Venkatraman & 

Ramanujam, 1996; Al-Matari, Al-Swidi, & Fadzil, 2014) 

According to Venkatraman & Ramanujam (1996), the 

second type of measurements are market-based (also called 

value-based) measurements and can be characterised as long-

term oriented measures due to its forward-looking 

characteristics and also its indication of shareholder 

expectations regarding the firm’s future performance 

(Venkatraman & Ramanujam, 1996; Al-Matari, Al-Swidi, & 

Fadzil, 2014). Such measures are, for example: 

- Tobin’s Q (traditional measure of expected long-run firm 

performance); 

- Market-to-Book Value (MTBV); 

- Stock-market returns; 

- Dividend Yield (DY); 

- Price-Earnings Ratio (PE) 

- Log of Market Capitalization and so forth. (Venkatraman 

& Ramanujam, 1996; Al-Matari, Al-Swidi, & Fadzil, 

2014) 

Regarding this research, both accounting-based and 

market-based measures will be used in order to be able to 

focus on short-term (accounting-based) as well as long-term 

(market-based) aspects of firm performance.  
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2.2. Patent  

The United States Patent and Trademark Office 

(USPTO) defines a patent as a property right granted to the 

invented by the Government of the United States (USPTO, 

2015). According to the USPTO, the grant itself gives the 

right "to exclude others from making, using, offering for sale, 

or selling the invention throughout the United States or 

importing the invention into the United States" (USPTO, 

2015). The USPTO distinguishes three types of patens, 

firstly, utility patents which are “granted to anyone who 

invents or discovers any new and useful process, machine, 

article of manufacture, or composition of matter, or any new 

and useful improvement thereof” (USPTO, 2015). Secondly, 

design patents which are “granted to anyone who invents a 

new, original, and ornamental design for an article of 

manufacture” (USPTO, 2015). Lastly, plant patents which 

are “granted to anyone who invents or discovers and 

asexually reproduces any distinct and new variety of plant” 

(USPTO, 2015). 

 

2.3. Structure of patent documents 

Regarding the structure of patents, the World 

Intellectual Property Organization (WIPO) has created a 

patent drafting manual in which they state that a patent 

typically consists out of six parts. These six parts are 1) 

claims, 2) a detailed description (or specification), 3) 

drawings, 4) background, 5) abstract and 6) summary. The 

claim section describes what is claimed to be protected from 

the inventor. The detailed description gives life to the claims 

and presents a detailed explanation of the invention for, as 

the WIPO puts it, “an ordinary person skilled in the art to 

make and understand the invention”. The drawings section 

contains visual supporting materials that describe the 

invention, argued by many patent agents as the most 

important part of the patent after claims (WIPO, n.d.). The 

section of the background is commonly used to disclose prior 

patents submitted by the patent applicant. The abstract of the 

patents describes the invention in the least possible words and 

as clearly as possible. Lastly, the summary of the invention 

is not always required by all jurisdictions, however, such a 

section is generally prepared as well.  (WIPO, n.d.) 

 

2.4. Patent analysis 

Nowadays there are various tools available that are used 

for analysing patents. These tools can perform different tasks 

such as trend analysis, technological forecasting, strategic 

technology planning, infringement analysis, novelty 

detection, technological roadmapping, competitor analysis 

and identifying patent quality (Abbas, Zhang, & Khan, 

2014).  

Abbas et al. (2014) performed a literature review 

focusing on the patent analysis. Their literature review 

presents, as they call it, the state-of-the-art in patent analysis, 

and also introduces a taxonomy of patent analysis techniques. 

As previously mentioned patents contain various types 

of content, however, these types of content can be classified 

as structured and unstructured data. The unstructured patent 

data comprises narrative text including the patent title, 

abstract, claims, and description. The structured patent data 

contains information, such as the inventor of the patent, 

assignee of the patent, and citation information. 

According to Abbas et al. (2014) patent analysis 

techniques can be classified as either text mining techniques 

or visualization-based techniques for analysing the patent 

content. Text mining techniques are used to extract the 

information from structured and or unstructured text. The 

visualization techniques are meant to assist the decision 

makers or technology experts in representing the patent 

information visually to analyse the results.  

Patent analysis brings certain challenges, for instance, 

associated with the proficiency, expertise and experience of 

the patent researcher, or challenges concerning the 

information presented in patents and patent databases. Patent 

analysist with less expertise and experience require patent 

analysis tools with versatile capabilities. Moreover, issues 

related to patent information such as difficulties in searching 

and retrieving correct patent information can also be complex 

and are crucial for patent analysts. Fortunately, various 

software and (text mining) tools support the researcher 

regarding this aspect. (Abbas, Zhang, & Khan, 2014) 

Various (text mining) tools and software that are able to 

both mine structured and unstructured date have been 

developed. However, text mining a patent’s structured 

information is comparatively easier as mining unstructured 

patent data. (Abbas, Zhang, & Khan, 2014) 

 

2.5. Patent based measures 

The focus of this thesis, with regards to patents, will be 

on the patent based measures proposed by Verhoeven, 

Bakker and Veugelers (2013) and Hall, Jaffe and Trajtenberg 

(2001). This is due to the aforementioned expertise required 

for most patent analysis but also due to the time constraint of 

a master thesis.  

Verhoeven, Bakker and Veugelers (2013) propose three 

patent-based measures, reflecting three distinct technological 

dimensions of radical innovation or also called dimension of 

novelty. The three patent-based measures are New Origins, 

New Functionality and New Impact. 

New Functionality regards the extent to which an 

invention provides substantially new functional capacities. 

This indicator counts the number of new pairwise 

combinations of technological classes a patent is assigned to.  

New Origins reflects the extent to which an invention 

builds on different technological knowledge and principles 

compared to common practice. The indicator measures the 

number of new technological class pairs created through the 

backward citations of a patent. 

New impact regards to inventions that relate for the first 

time two previously disconnected technological fields. The 

indicator counts the number of new combinations of 

technology classes created by citations from other patents to 

the focal patent. New impact regards to inventions that relate 

for the first time two previously disconnected technological 

fields. The indicator counts the number of new combinations 

of technology classes created by citations from other patents 

to the focal patent. 

Hall, Jaffe and Trajtenberg (2001) propose to use the 

patent-based indicators “originality” and “generality” as well 
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as forward citations itself, all measures regarding breadth and 

depth of patents. 

Measure of "Generality" if a patent is cited by 

subsequent patents that belong to a wide range of fields the 

measure will be high, whereas if most of the citations are 

concentrated in a just few fields it will be low. If we think of 

forward citations as an indication of the impact of a patent, a 

high generality score suggests that the patent seemingly had 

a widespread impact, in that it influenced subsequent 

innovations in a variety of fields. 

Measure of "originality", is defined in the same way as 

the generality measure, except that it refers to citations the 

patent makes instead of the patent being cited by subsequent 

patents. Hence, if a patent cites previous patents that belong 

to a narrow set of technologies the originality score will be 

low, whereas citing patents in a wide range of fields would 

render a high score.  

Regarding forward citations, if a patent has received 10 

or 100 citations does not tell much whether that patent is 

“highly” cited. Therefore, intrinsically, information on patent 

citations is meaningful only when used comparatively. 

  

2.6. Product life-cycle 

By the end of the 1950s the Product Life Cycle (PLC) 

theory was emerging and most of the concepts adoption 

success might have been due to some high-profile 

publications in its early years (Cao & Folan, 2012). One these 

higher profiled publications was Levitt (1965) in his Harvard 

Business Review that revisited and made known the product 

life cycle (Levitt, 1965).  

 

As can be seen in figure 2 above, the product life cycle 

represents the sales volume curve for a product over time 

resulting in an approximately bell-shaped curve that is 

divided into several stages. The four stages are market 

development (sometimes also called introduction) growth, 

maturity, and decline. Levitt (1965), explains that the first 

stage, market development, is when a new product is first 

introduced to a market before a proven demand and usually 

before it has been proven technically in all respects. This 

stage is characterized by slowly moving sales. In the second 

stage, growth stage, the demand starts to speed up and the 

total market size expands quickly. In the third stage, maturity 

stage, the demand starts to settle and in the fourth and last 

stage, decline stage, the product starts to lose customer appeal 

and sales goes down. (Levitt, 1965) 

In his paper, Levitt (1965) also suggest that already 

preparing and planning for life-extending efforts during the 

pre-introduction stage could be especially important to 

extend a product’s life cycle, see figure 3. 

According to Rink and Swan (1979), product life cycle 

literature review, the traditional Product Life Cycle bell-

shape is only one of the 12 types of product life cycle patterns 

discovered by researchers. See figure 10 in the appendix for 

the other types of patterns.  

An alternative to the product life cycle is the 

Technology life cycle which will be briefly explained. 

According to Shahmarichatghieh, Tolonen, and Haapasalo 

(2015), the stages of the Technological life cycle are the same 

as the product life cycle. Additionally, time is also on the x 

axis but a patent index is placed on the y axis. Furthermore, 

the patent based Technological life cycle has S-shaped curve. 

See figure 27 and 28 in the appendix. 

Considering the previously mentioned points, we would 

expect to see approximately s-shaped curves around and 

between product introductions as in the product life cycle ant 

technological life cycle theory or maybe similar shape as in 

figure 3 life cycle with subsequent extensions.  

 

2.7. Dominant design 

A dominant design concerns the emergence of a 

dominant technology in an industry. A technology becomes 

dominant through a complex process in which several 

alternative technologies are competing until a competing 

alternative technology are de-selected until a favoured 

technological "hierarch" becomes apparent. (Suarez, 2004) 

Suarez (2004) proposes a framework for understanding 

the dominant design process, a process in which a technology 

achieves dominance when competing against other 

alternative technologies.  

The dominant process consists out of five phases, 

according to Suarez (2004). Phase 1, R&D build-up phase, 

typically in this phase a mix of large firms with expertise in 

a related technology, a set of new firm entrants, and groups 

doing applied research in universities or similar institutions 

are included in a technological field. In this phase, the 

Figure 2 - Product life cycle, adapted from (Levitt, 1965) 

Figure 3 - Product life cycle extension example, adapted from 

(Levitt, 1965) 
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emphasis is on technology and technological talent Suarez 

(2004). 

Phase 2, technical feasibility phase, demonstrating 

technical feasibility (by presenting a working prototype) 

forces the other all firms to assess their research programs 

and to evaluate if they will be in the position to compete in 

the upcoming dominant design battle Suarez (2004). 

Phase 3, creating the market phase, the launch of the 

first commercial product marks a change of importance from 

technology to market factors, making any technological 

differences between the alternatives become increasingly less 

important as time goes by. In Phase III, several competitors 

start to gain a sizable installed base of users. 

Phase 4, the decisive battle phase, the increasingly large 

customer bases start to have an important effect on the choses 

of the customers and there is fierce competition for enlarging 

customer bases.  

Phase 5, post-dominance phase, in this post-dominance 

phase a clear dominant technology has emerged in the market 

and its large “locked in” customer base functions as a defence 

against potential challengers, especially in industries with 

high switching costs. 

Considering the fact that during phase 1 “characteristics 

of the technological field” and during phase 2 technological 

superiority are important and the points mentioned above, we 

would expect that after the initial phase of introduction 

technological performance would start to increase. Nearing 

the end, we would expect to see a decrease in technological 

performance since in phase 3, 4 and 5 factors such as strategic 

manoeuvring, credibility and installed (customer) base and 

switching costs become more important. 

 

3. Methodology 

 

3.1. Research design 

The focus of this research is on exploring patent-based 

indicators, firm performance and product introductions with 

ASML and its peers. Hence, exploratory research seems to be 

the most appropriate for the purpose of answering the central 

research question. This is because the goal of exploratory 

research is to gather preliminary information that will help 

define problems and suggest hypotheses or as Stebbins 

(2001) states it aims to generate new ideas and weave them 

together to form grounded theory, or theory that emerges 

directly from data. (Stebbins, 2001) 

Case study research is considered a flexible research 

design and can be done using qualitative and/or quantitative 

methods and evidence (Yin, 1981; Yin, 1994). As Yin (1981) 

states in the evidence from case studies may from archival 

records, observations, verbal reports, fieldwork or any 

combination of these.  

According to Yin (1981) a case study research attempts 

to examine a “contemporary phenomenon in its real-life 

context, especially when the boundaries between 

phenomenon and context are not clearly evident. Moreover, 

case studies can be either exploratory, descriptive, or 

explanatory and they best address how and why research 

questions leading to extensive understanding of the topic.  

Considering the previously mentioned points an 

exploratory case study is considered to be due to its focus on 

generating new ideas, theory building, its flexible research 

design (qualitative and/or quantitative) and the type of 

questions it best addresses. More specifically, this research 

will be an (exploratory) single embedded in-depth case study 

with a 2 by 2 design, focussed on document analysis. (Yin, 

1994) 

 

3.2. Research process 

Figure 4 shows the process (workflow) of the patent 

analysis, firm performance analysis and mapping of patent-

based indicators, firm performance indicators and product 

introductions.   

Figure 4 - Research process - patent analysis, firm performance 

analysis and mapping workflow 

 

As can be seen in figure 4 above, the first step was to 

collect all subsidiaries from all four companies (ASML, 

Canon, Nikon and Ultratech). This was done by diving into 

the annual reports from all companies and collecting all 

subsidiaries listed per year (2002-2017) (the years annual 

reports were available) and making a database out of all the 

subsidiaries per company per year. After that the database 

was cleaned of all the double or multiple entries. The reason 

for collecting all subsidiaries in each year is to also intercept 

all name changes, liquidations, acquisitions and starting-ups 

of new subsidiaries under which patents might be registered. 

After that the list with unique subsidiaries was send to 

Mr. Kovács who then run an algorithm which matched the 

list of subsidiaries with company names in the patent system 

under which patents are listed. The output of this was a list 

which contained all the matches with a score (indicated how 

well it matched). All matches with a jaro-score of 100 were 

perfect matches and did not need checking but all matches 

with a jaro-score between 90 and 100 needed to be manually 

checked (8000 results). Resulting in a list with all “good 

matches” and their person ID’s. This list with the person ID’s 

was again send to Mr. Kovács who used it to run a query to 

Collect subsidiaries 
from annual reports

Subsidiaries matched 
with names in patent 

system (algorithm)

Output list of matches 
partially manually 

checked

Prepared data for 
patent analysis

Multivariate analysis in 
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(from Orbis)
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performance analysis

Multivariate analysis in 
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performance analysis

Started mapping 
patent-based indicator 

and product 
introductions

Combining patent-
based indicators for 

legibility and 
understandability.

Results, discussion and 
conclusion
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retrieve all the necessary patent data (patent-based 

indicators). Next, the patent data needed to be prepared for 

analysis and then a multivariate analysis was run in SPSS for 

the patent analysis.  

Next the firm performance data was collected from 

Orbis (this due to the fact that the companies all use different 

ways of reporting in their annual reports which has been 

unified in Orbis) and prepared for analysis. A multivariate 

analysis was performed in SPSS for firm performance 

analysis. 

Next, started mapping patent-based indicator and 

product introductions, and product introductions were 

mapped together. However, during this mapping we could 

notice that there were too many variables with different 

scales as well which came up with cluttered graphs.  

Therefore, the next step was combining the patent-

based indicators in order to create more legibility and 

understandability and also to be able to examine and 

conclude from these graphs.  

3.3. Measurement 

In the tables below, we can see the variables and their 

measurement used in the analyses. Table 2 shows the 

overview of the variables used in the firm performance 

analysis and table 3 shows the overview of the variables used 

in the combined indicators patent analysis. See appendix 

table 7 for an explanation (variables and measurement) of the 

original variables used in the analysis. In table 3 we can see 

that the combined variables are called Novelty1 and 

Novelty2. These are based on the IPC4 variant of the 

variables, though the analysis will also be performed for IPC6 

as a check. This will be further explained in the analyses and 

results part. IPC stands for International Patent Classification 

(IPC) which is a patent classification system which shows 

under what kind of (technology) class a patent falls. IPC6 is 

(just) a more detailed version of classification as IPC4. 

 

 

 

3.3.1. Firm performance 

Table 2 - Overview variables used in firm performance analysis 

Variable  Measurement 

Part 1 

Return On Assets  Net income divided by total assets 

Return On Equity  Net income divided by shareholder’s equity 

(net) Profit Margin%  Net profit margin is the percentage left after all expenses have been deducted from revenue. 

Gross Margin%  Gross margin is the difference between revenue and cost of goods sold (COGS) divided by revenue and 

multiplied by 100. 

Earnings Per Share  Net income divided by total shares 

Part 2 

Tobin’s Q  Market capitalization of the firm divided by book value of total assets 

Earnings Per Share  Net income divided by total shares 

 

3.3.2. Patent analysis 

Table 3 - Overview variables used in patent analysis 

Variable Measurement 

NB_CITING_DOCDB_FAM Number of forward citations related to the patient’s family. 

Novelty1 A measure based on both “GENERAL_IPC4” and “ORIGINAL_IPC4” variables that incorporates 

both scores using averages per year. See table 7 in appendix for explanation on the variables 

“GENERAL_IPC4” and “ORIGINAL_IPC4”. 

Novelty2 A measure based on both “GENERAL_IPC4” and “ORIGINAL_IPC4” variables that incorporates 

both scores using averages per year. See table 7 in appendix for explanation on the variables 

“GENERAL_IPC4” and “ORIGINAL_IPC4”. 

 

 

4. Analyses and results 

First, we will start with the firm performance analysis. 

As discussed before, in the introduction we have seen that 

ASML has made some remarkable growth in terms of unit 

market share but also market share based on revenue.  With 

the firm performance analysis, we are going to look at how 

ASML is performing compared to its peers and if ASML is, 

in fact, performing better than its peers.  

Afterwards we will move on to the patent analysis. With 

the patent analysis, we are going to look at how ASML differs 

from its peers regarding patent-based indicators and we are 

going to look at the patterns that (might) emerge when we 

map the patent-based indicators together with the product 

introductions. We are going to look at what happens with the 
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indicators around the time of the product introductions and 

compare this with the other companies. 

 

4.1. Firm performance analysis 

The firm performance analysis is split into 2 parts since 

there is no data for Tobin’s Q and Earnings Per Share for 

Ultratech since Ultratech does not have shares since around 

2000. If the analysis is performed in one go (all variables) 

SPSS will not perform posthoc analysis for Tobin’s Q and 

Earnings Per Share because in order to perform posthoc 

analysis at least 2 cases are needed. The first part will include 

all variables excluding Tobin’s Q and Earnings Per Share and 

include all companies (ASML, Canon, Nikon and Ultratech). 

The second part will consist out of the Tobin’s Q and 

Earnings Per Share performed for the companies with data 

for those variables (namely ASML, Canon and Nikon) 

excluding Ultratech. See the assumptions in the 

appendix(9.4.1.) 

 

4.1.1. Descriptive statistics (part 1) 

In the descriptive statistics (see appendix figure 68) we 

can see that ASML’s mean score is the highest for three out 

of the four variables, “ROA”, “ROE” and “Profit Margin%” 

but Canon scores highest on “Gross Margin%”.    

For the variable “ROA”, ASML has the highest mean 

with “11.2172”, followed by Canon with “5.0352”, Nikon 

“2.9558” and Ultratech “2.4800”.  As can be seen in the 

descriptive statistics table the order of highest to lowest is for 

the variables “ROE” and “Profit Margin%” the same as 

“ROA” with ASML having the highest mean score followed 

by Canon, then Nikon and with the lowest score Ultratech. 

Yet, for the variable “Gross Margin%” Canon has the highest 

mean score with “55.9286”, followed by Ultratech with 

“51.7039”, then ASML with “46.9156” and Nikon with the 

lowest score of “40.0535”.  

Before we can say much about these scores and if their 

mean differences are significant we will look at the result of 

the multiple comparisons stable in the next part. 

 

4.1.2. Results (part 1)  

The results of the MANOVA for the firm performance 

(part 1) analysis can be found in the multiple comparisons 

table 15 in the appendix. In this table we can see that from 

three out of the in total four firm performance (part 1) 

variables the group mean difference of “ASML-Canon”, 

“ASML-Nikon” and “ASML-Ultratech” is significant. This 

goes for and for the variables "ROE", "Profit Margin%" and 

"Gross Margin %". For the last variable "ROA" the group 

mean difference "ASML-Nikon" and "ASML-Ultratech".  

Continuing with the results, now that we know which 

group mean differences are significant and which are not we 

are going to look back at the group means again. We will refer 

back to table 15 (appendix) statistical significance of the 

(group) mean differences and refer to table 4 for the means 

of the groups.   

For the variable “ROA” we can see that the mean 

difference of “ASML-Canon” is not significant but “ASML-

Nikon” and “ASML-Ultratech” are. This means we can only 

conclude that ASML has a mean of “11.2172” that is 

significantly higher than the mean of Nikon with “2.9558” 

and Ultratech with “2.48”. As said before the mean difference 

between ASML (11.2172) and Canon (5.0352) is not 

significantly different. The group mean difference of 

“Canon-Nikon” and “Canon-Ultratech” is also not 

significant.  

For the variable “ROE” we can see that the group mean 

difference “ASML-Canon”, “ASML-Nikon” and “ASML-

Ultratech” are all significant. Meaning that ASML has the 

highest mean score of “ROE” with “20.0354”. However, the 

group mean differences “Canon-Nikon” and “Canon-

Ultratech” are not significant, meaning, we cannot say that 

there is a difference in the group means of “ROE” for Canon, 

Nikon and Ultratech.  

For the variable “Profit Margin%” we can again 

conclude that ASML a significantly higher mean score with 

a score of “23.5676”. This is because the group mean 

differences of “ASML-Canon”, “ASML-Nikon” and 

“ASML-Ultratech” are significant. Though, again the 

“Canon-Nikon” and “Canon-Ultratech” group mean 

differences are not significant at this sample size.  

For the variable “Gross Margin %” all group mean 

differences are significant. This means that we can conclude 

that for the variable “Gross Margin%” that Canon has the 

highest mean score with “55.9286” followed by Ultratech 

with “51.7039”, then ASML with “46.9156” and Nikon with 

the lowest score of “40.0535”.  

 
Table 4 - Adapted from firm performance analysis descriptive 

(part 1) table 

  
Company name 

coded 
Mean 

ROA (using net income) 

ASML 11.2172 

Canon 5.0352 

Nikon 2.9558 

Ultratech 2.48 

ROE (using net income) 

ASML 20.0354 

Canon 7.3752 

Nikon 5.5039 

Ultratech 3.0014 

Profit margin% 

ASML 23.5676 

Canon 9.1568 

Nikon 4.4146 

Ultratech 4.0746 

Gross Margin % 

ASML 46.9156 

Canon 55.9286 

Nikon 40.0535 

Ultratech 51.7039 

 

 

4.1.3. Descriptive statistics (part 2) 

In the descriptive statistics table of the firm 

performance analysis part 2 in the appendix (figure 72) it can 

clearly be seen that for both “Tobin’s Q” and “Earnings per 
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share” ASML has the highest mean score. For the variable 

“Tobin’s Q” ASML has the highest mean score with 

“2.3790”, followed by Canon with a mean score of “1.1213” 

and with Nikon with the lowest score of “0.8736”. In 

addition, ASML has a mean score of “2.7937” for “Earnings 

Per Share” compared to Canon with “1.3615” and Nikon with 

“0.6125”.  

Before we can say much about these scores and if the 

mean differences are significant we will look at the result of 

the multiple comparisons stable in the next part. 

 

4.1.4. Results (part 2)  

The results of the MANOVA for the firm performance 

(part 2) analysis can be found the multiple comparisons table 

(in table 16 appendix). In this table we can see that for both 

variables “Tobin’s Q” and “Earnings per share” the group 

mean differences of “ASML-Canon” and “ASML-Nikon” 

are significant. However, the group mean differences of 

“Canon-Nikon” for both “Tobin’s Q” and “Earnings per 

share” are found to be not significant. ".  

 
Table 5 - Adapted firm performance analysis part 2 descriptive 

statistics 

  Company name coded Mean 

Tobin's Q 

ASML 2.3790 

Canon 1.1213 

Nikon 0.8736 

Earnings per share 

ASML 2.7937 

Canon 1.3615 

Nikon 0.6125 

 

Continuing with the results, now that we know which 

group mean differences are significant and which are not we 

are going to look back at the group means again. We will refer 

back to table 16 (appendix) for statistical significance of the 

(group) mean differences and refer to table 5 for the means 

of the groups. 

As we concluded before the group mean differences of 

“ASML-Canon” and “ASML-Nikon” are significant for both 

variables. This means that we can conclude that ASML has a 

significantly higher mean score of “2.3790” than Canon with 

“1.1213” and Nikon with “0.8736” for Tobin’s Q. This is also 

for “Earnings per share” were ASML has a significantly 

higher mean score of “2.7937” than Canon with “1.3615” and 

Nikon with a mean score of “0.6125”. Yet for both variables 

we cannot conclude that there is a difference in group means 

among Canon and Nikon.  

 

4.2. Patent analysis 

In the appendix the previous patent analysis that was 

done before the combining of the patent-based indicators can 

be found (see headers 9.3. and 9.5. in the appendix). In this 

section we are going to map and look at the patent variables 

and the product introductions of the four companies. 

 

4.2.1. Product introductions 

In this section we are going to map and look at the patent 

variables, firm performance and the product introductions of 

the four companies. In table 6 below, we can see the product 

introduction years of lithography systems or also called 

lithography platforms. 

Table 6 - Product introduction years of lithography systems 

(platform)per company (ASML, 2018; Nikon, 2018; Canon, 2018; 

Ultratech, 2016) 

ASML Canon Nikon Ultratech 

1984 

PAS 2000 

Early 1990s 

i-line 

1978 

SR-1 

1984 

Model 1000 

1989 

PAS 5000 

Late 1990s 

KrF system 

1980 

NSR-1010G 

1998 

XLS 

platform 

1990s 

PAS 5500 

Early 2000s 

ArF system 

1995 

NSR-S201A 

2004 

Unity 

Platform 

2000s 

Twinscan 

XT-NXT 

Late 2000s 

ArF 

immersion 

2000 

NS302A 

(ArF) 

2011 

SLA system 

2010s 

Twinscan 

NXE 

Late 2010s 

ArF 

immersion 

(improved) 

2005 

NSR-S609B 

(ArF 

immersion  

2012 

Superfast 

system  

Firstly, as can be seen in table 6 above, the product 

introductions of ASML’s lithography platforms are in the 

years 1984, 1989, 1990s, 2000s, and 2010s. Secondly, for 

Canon the product introductions are in the early 1990s, late 

1990s, early 2000s, late 2000s, and late 2010s. Thirdly, 

looking at Nikon we can see that their product introductions 

were in 1978, 1980, 1995, 2000, and 2005. Lastly, 

Ultratech’s lithography system introductions are in the years 

1984, 1998, 2004, 2011 and 2012.  

Now that we have determined lithography systems 

(platforms) introductions of the four companies introduced 

their we go on to the actual part of mapping the patent 

variables and firm performance variables and looking at the 

product introductions.  

 

4.2.2. Patent based indicators and product introductions 

On the next page we can see the patent variables and 

product introductions mapped for ASML, Canon, Nikon and 

Ultratech. This section will be continued after the graphs 

presented below. 
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Figure 8 - Patent variables and product introduction mapped for Ultratech Figure 7 - Patent variables and product introduction mapped for Nikon 

Figure 6 - Patent variables and product introduction mapped for Canon Figure 5 - Patent variables and product introduction mapped for ASML 
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Continuing with patent-based indicators and product 

introductions, we are now going to examine the graphs 

looking at the product introductions and between the product 

introductions if we can see patterns emerging. 

We begin with ASML, see figure 5, the first thing to 

notice is that there is no data from before 1990, meaning that 

we cannot conclude anything from before 1990. Wat we can 

see in this figure that between the introductions of 1990, 2000 

and 2010 a lot seems to happen. Around the 1990 

introduction the data starts at a high point when looking at 

variable “NB_CITING_DOCDB_FAM”, suggesting that 

before that introduction also patterns might have happened. 

Between 1990 and 2000, and between 2000 and 2010 we can 

see some approximately s-curved patterns emerging. For 

instance, for the variable “NB_CITING_DOCDB_FAM” we 

can see a s-curved pattern starting just after the 1990 

introduction with a seemingly growth phase between 1992 

and 1994. From 1994 until 1996 could be seen as a maturity 

phase before the decline phase starts just after 1996. This is 

until the next introduction of 2000 in which we can see a s-

curved pattern emerging again only this time with a shorter 

maturity phase and a longer decline phase until the next 

introduction of 2010. A similar pattern seems to emerge for 

Novelty1 between 1990 and 2000 only after the decline phase 

of 1996 it rises again (showing a similarity figure 3 product 

life cycle extension) with until just before the introduction of 

2000. Between the introductions of 2000 and 2010 we can 

see a s-curved pattern for Novelty1 as well but only short 

from just before 2000 to 2002 when a sizeable decline sets in 

until the introduction of 2010. When looking at Novelty2, we 

can see that there is not much happening between the 1990 

and 2000 except for the slight increase in 1997. However, 

between 2000 and 2010 we can see a pattern that looks 

similar to the rapid penetration pattern (see figure 10 in 

appendix). 

Next is Canon, see figure 6, the very first thing to notice 

is that before the first (known) introduction a spike in the 

variable “NB_CITING_DOCDB_FAM” occurs in 1982. 

This makes some of the patterns happening in the other 

variable seem less notable or remarkable but comparing the 

max of these patterns (around the 50 mark) with the scales of 

the others suggest that these are notable. Before the first 

(known) introduction we can see a few approximately s-

curved patterns happening. For instance, for 

“NB_CITING_DOCDB_FAM” between 1970 and 1976 two 

small s-curved patterns seem to be happening just before the 

large spike. Additionally, for “Novelty1” we can see a s-

curved pattern happening from 1970 until 1974 when a 

sizable decline sets in, however, from 1982 until just after 

1984 we can notice what seems to be a rapid penetration 

pattern again. When looking at the introductions between the 

early 1990s, late 1990s, early 2000s and late 2010s we can 

see fairly stable lines which makes it seems like a plateau is 

occurring for both “NB_CITING_DOCDB_FAM” and 

“Novelty1” for Canon. On the other hand, for “Novelty2” we 

can see some patterns happening between the introductions. 

For instance, between the introduction of 1990 and 1998 an 

approximately s-curved pattern seems to be present. After 

1998 introduction we still see some (minor) s-curved patterns 

happening (between 1998-2000 and 2000-2004), however 

they seem to have a downward trend. 

Then for Nikon, see figure 7, first thing to notice is that 

“NB_CITING_DOCDB_FAM” and “Novelty1” seems to 

follow quite similar patterns (or trend). With approximate 

rapid penetration pattern occurring between 1980 and 1986 

and then after 1986 some slight s-curved during/right after 

the seemingly decline phase until the next introduction of 

1995. For “NB_CITING_DOCDB_FAM” a s-curved pattern 

seems to be visible just after the introduction of 2000 until 

the next introduction of 2005. On the contrary, the same s-

curved pattern seems to be visible around the same time only 

starting already around 1997 for “Novelty1”. When we look 

at “Novelty2” we can see that not much is happening between 

the introduction of 1980 and 1985. Just after 1985 some 

slightly s-curved patterns start to be happening until the 

introduction of 2000. These s-curved patterns seem to look 

like the cycle-recycle pattern as described in figure 12 in the 

appendix. Between the introductions of 2000 and 2005 we 

can see some sharp spikes happening what appear to look like 

the rapid penetration pattern (see figure 10 in appendix)  

Last for Ultratech, see figure 8, the first thing we can 

notice that a lot is happening between the introductions for 

“NB_CITING_DOCDB_FAM” and “Novelty1”. We can see 

that between the introductions of 1998 and 2004 for 

“NB_CITING_DOCDB_FAM” two really spiked (rapid 

penetrations) seem to be happening whereas for “Novelty1” 

we can see three really spiked (rapid penetrations) happening. 

For Ultratech for both variables we can see that between the 

introduction of 2004 and 2011 multiple small but with 

downward trend s-curved, or better yet, rapid penetrations 

(figure 12) seem to be happening.  

When comparing the four companies they seem to have 

quite some different patterns, however often between the 

introduction we can notice patterns from the product life 

cycle theory and the technological life cycle theory, such as, 

s-curved patters and rapid penetration patterns. To illustrate, 

in general, ASML and Nikon seem to have fewer but larger 

cycle patterns whereas Canon and Ultratech have multiple 

(somewhat) smaller cycles.  

 

5. Discussion and conclusion 

The focus of this research is to examine the differences 

between ASML and its peers based on measures using patent-

based indicators, firm performance indicators and product 

introductions. 

First, we started with the firm performance analysis to 

see how ASML is performing compared to its peers and if 

ASML is, in fact, performing better than its peers. Afterwards 

we moved on to the patent analysis. With the patent analysis, 

we wanted to see how ASML differs from its peers regarding 

patent-based indicators and see what patterns (might) emerge 

when we map the patent-based indicators together with the 

product introductions looking at what happens with the 
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indicators around and between the time of the product 

introductions. 

Now that we have looked at all the results we will 

answer the research questions stated in the introduction. 

 

SQ1: “How does ASML differ from its industry peers based 

on firm performance indicators? 

For "ROA" we can only conclude that ASML has a 

significantly higher group mean than Nikon and Ultratech. 

Meaning that ASML’s has significantly higher Return on 

their Assets than Nikon and Ultratech.  

For "ROE" we can conclude that ASML has a 

significantly higher mean score than Canon, Nikon and 

Ultratech. Meaning that ASML has significantly more return 

on the equity they have than Canon, Nikon and Ultratech.  

For “Profit Margin%” we can conclude that ASML has 

a significantly higher mean score than Canon, Nikon and 

Ultratech. Meaning that after all costs deducted from 

revenue, ASML has the higher profit percentage (profit 

margin%) than Canon, Nikon and Ultratech.  

For “Gross Margin %” we can conclude that Canon has 

the highest significant mean score followed by Ultratech, 

ASML and with the lowest score Nikon. Meaning that Canon 

scores second to lowest when looking at Gross Margin %. 

For both "Tobin's Q" and "Earnings per share" we can 

conclude that ASML has a significantly higher mean score 

than Canon and Nikon. Meaning that for the most widely 

used firm performance proxy (Tobin’s Q) ASML scores 

significantly higher than Canon and Nikon. In addition to 

that, ASML’s investors earn (on average) significantly more 

per share than those of Canon and Nikon. 

Thus, in general we can conclude that ASML often (on 

average) performs better than its peers when looking at these 

firm performance indicators.  

 

SQ2a: “When looking at the mapped patent-based indicators 

and product introductions, what patterns can be seen?” 

When we look around the time of the product 

introductions and between the introductions we mainly notice 

patterns from the product life cycle theory and the 

technological life cycle theory, such as, s-curved patters and 

rapid penetration patterns. 

 

SQ2b “When looking at the mapped patent-based indicators 

and product introductions, how do ASML’s patterns differ 

from its peers?” 

When comparing the four companies they seem to have 

quite some different patterns, however often between the 

introduction we can notice patterns from the product life 

cycle theory and the technological life cycle theory, such as, 

s-curved patters and rapid penetration patterns. To illustrate, 

in general, ASML and Nikon seem to have fewer but larger 

cycle patterns whereas Canon and Ultratech have multiple 

(somewhat) smaller cycles 

 

CQ: “How does ASML differ from their industry peers when 

looking at firm performance indicators, patent-based 

indicators and product introductions?” 

We can conclude that ASML differs from its peers 

based on firm performance and patent-based indicators. 

Regarding firm performance we can observe that ASML 

often (on average) scores better based on the firm 

performance indicators. In addition to that we can conclude 

from the patent analysis that the patterns emerging in the 

mapped patent-based indicators are often conform the theory 

of the product life-cycle and the technological life-cycle. This 

means that we often see s-curved patterns. 

When considering ASML as an innovator (Reuters top 

100 global innovators list of 2011), we could state that 

Teece's (1986) does not hold for ASML and its peers because 

ASML seems to perform well based on firm performance 

indicators (on average often better than its peers) and perform 

well based on patent analysis(innovations). 

Looking back at the dominant design the dominant 

design in the theoretical background. Considering the phases 

of the dominant design we might conclude that ASML and 

its peers are still in phase 4, the decisive battle phase. This is 

because their the increasingly large customer bases have 

started to have an important effect on the choices of the 

customers and there is fierce competition for enlarging 

customer bases. 

 

 

6. Limitations and future research 

Firstly, the lack of available data for firm performance 

variables was a limiting the scope of the firm performance 

analysis. Secondly, a small sample size for firm performance 

analysis (also due to previously mentioned limitation) limited 

this research.  Thirdly, the MANOVA (Multivariate analysis 

in SPSS) is only able to deal with missing variables listwise 

(not pairwise which is possible in one-way anova) limiting 

the sample size/group size of for instance Ultratech. Lastly, 

this study was limited due to the fact this research is for a 

master thesis and the time constrain that brings. Future 

research could be incorporating the firm performance into the 

mapping if the required data can be secured.  
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9. Appendix 

9.1. SEMI infographic 

 

  
 

 

 

 

 

 

 

 

  

Figure 9 - EMI Infographic "Why Moore matters" (SEMI, 2016) 
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9.2. Product life cycle 

 
Figure 10 - Types of Product Life Cycle patterns, adapted from Rick and Swan (1979) 
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Figure 11 - Technology Life Cycle s-curve adapted from (Lumen, n.d.) 

 
 

 
Figure 12 - Technology life cycle S-curve, adapted from (Gao et al. 2013) 
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9.3. Patent analysis 

 

9.3.1. Overview data 

 
Figure 13 - Overview of patents per IPC sections 

 
 
Figure 14 - Overview of patents per IPC section 
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Table 7 - Overview variables used in (previous) patent analysis 

Variable Measurement 

NB_CITING_DOCDB_FAM Number of forward citations related to the patient’s family. 

GENERAL_IPC4 If a patent is cited by subsequent patents that belong to a wide range of fields the measure will be high, 

whereas if most citations are concentrated in a few fields it will be low (for IPC4) (Hall et al., 2001). 

GENERAL_IPC6 If a patent is cited by subsequent patents that belong to a wide range of fields the measure will be high, 

whereas if most citations are concentrated in a few fields it will be low (for IPC6) (Hall et al., 2001). 

ORIGINAL_IPC4 Measured in the same way as the “GENERAL” variable except regarding the amount of citations made 

by the patent itself (for IPC4) (Hall et al., 2001).  

ORIGINAL_IPC6 Measured in the same way as the “GENERAL” variable except regarding the amount of citations made 

by the patent itself (for IPC4) (Hall et al., 2001). 

NEW_FUNCTIONALITY_IPC4 New Functionality regards the extent to which an invention provides substantially new functional 

capacities (for IPC4). This indicator counts the number of new pairwise combinations of technological 

classes a patent is assigned to (Verhoeven et al., 2013). 

NEW_FUNCTIONALITY_IPC6 New Functionality regards the extent to which an invention provides substantially new functional 

capacities (for IPC6). This indicator counts the number of new pairwise combinations of technological 

classes a patent is assigned to (Verhoeven et al., 2013). 

NEW_ORIGIN_IPC4_FULL New Origins reflects the extent to which an invention builds on different technological knowledge and 

principles compared to common practice (for IPC4). The indicator measures the number of new 

technological class pairs created through the backward citations of a patent (Verhoeven et al., 2013). 

NEW_ORIGIN_IPC6_FULL New Origins reflects the extent to which an invention builds on different technological knowledge and 

principles compared to common practice (for IPC6). The indicator measures the number of new 

technological class pairs created through the backward citations of a patent (Verhoeven, Bakker and 

Veugelers, 2013). 

NEW_IMPACT_IPC4_FULL New impact regards to inventions that relate for the first time two previously disconnected technological 

fields. The indicator counts the number of new combinations of technology classes created by citations 

from other patents to the focal patent (for IPC4) (Verhoeven et al., 2013). 

NEW_IMPACT_IPC6_FULL New impact regards to inventions that relate for the first time two previously disconnected technological 

fields. The indicator counts the number of new combinations of technology classes created by citations 

from other patents to the focal patent (for IPC6) (Verhoeven et al., 2013). 

 

 

9.3.2. Assumptions 

 

The first three assumptions of the one-way MANOVA 

are #1 there are two or more dependent variables, #2 the 

independent variable is categorical with two or more 

independent groups and #3 and there is independence of 

observations. The patent data meets these assumptions 

because #l there are eleven dependent variables, #2 the 

independent variable is “company_name2” which consists 

out of four categorical independent groups namely 

companies/categories “ASML”, “Canon”, “Nikon” and 

“Ultratech”. #3 The observations are all independent (Laerd 

Statistics, 2018). There are six more assumptions, which will 

be listed and discussed below, to be met. However, as stated 

by Laerd Statistics (2018) it is not uncommon in the real 

world for the data you have collected to violate (i.e., fail) one 

or more of these six other assumptions, this just means 

different ways to proceed.  

Assumption #4: There should be no univariate or 

multivariate outliers. There are outliers in the data, as 

assessed by inspection of the boxplots (see figures 74 – 83 in 

appendix), however it was decided to include the outliers in 

the analysis anyway since they are not data entry errors and 

represent the data.  

Assumption #5: There needs to be approximate 

normality. Most of the variables show approximate normal 

distribution, some of the variables show a little less 

approximate normal distribution. As the one-way MANOVA 

is fairly robust to deviations from normality it was decided to 

proceed. (see figures 31-73 in the appendix) 

Assumption #6: There should be no multicollinearity. 

There was no multicollinearity, as assessed by Pearson 

correlation (see table 11 in the appendix) 

Assumption #7: You should have an adequate sample 

size. At bare minimum as many cases in each group of the 



 R. Meyer / Master Thesis Business Administration / University of Twente  - 20 - 

independent variable as there are number of dependent 

variables. The sample has an adequate (large) sample size 

(see table 13 in the appendix). 

Assumption #8: There should be homogeneity of 

variance-covariance matrices. There was homogeneity of 

variance-covariances matrices, as assessed by Box's M test 

of equality of covariance matrices (p = .000) (see figure 127 

in the appendix). 

Assumption #9: There should be homogeneity of 

variances. There is no homogeneity of variances, as assessed 

by Levene's Test of Homogeneity of Variance (see table 12 in 

the appendix). Even though this assumption is violated we 

can still proceed with the analysis only need to produce 

Welch Anova in SPSS as well as use the Games-Howell 

instead of Bonferroni as posthoc test. 

 

 

Multicollinearity 

 
Table 8 - Patent analysis Pearson correlation 

 
 

Levene’s test 

 
Table 9 - Patent analysis Levene's test 

Levene's Test of Equality of Error Variancesa 

 F df1 df2 Sig. 

NB_CITING_DOCDB_FAM 217.321 3 28549 .000 

GENERAL_IPC4 394.042 3 28549 .000 

GENERAL_IPC6 271.219 3 28549 .000 

ORIGINAL_IPC4 96.415 3 28549 .000 

ORIGINAL_IPC6 54.080 3 28549 .000 

NEW_FUNCTIONALITY_IPC4 121.511 3 28549 .000 

NEW_FUNCTIONALITY_IPC6 63.848 3 28549 .000 

NEW_ORIGIN_IPC4_FULL 57.773 3 28549 .000 
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NEW_ORIGIN_IPC6_FULL 270.843 3 28549 .000 

NEW_IMPACT_IPC4_FULL 11.382 3 28549 .000 

NEW_IMPACT_IPC6_FULL 159.770 3 28549 .000 

Tests the null hypothesis that the error variance of the dependent variable is equal across groups. 

a. Design: Intercept + COMPANY_NAME2 

 

9.3.3. Descriptive statistics 

 
Table 10 - Patent analysis between-subject factors 

Between-Subjects Factors 

 Value Label N 

COMPANY_NAME2 1 ASML 3496 

2 Canon 16314 

3 Nikon 8580 

4 Ultratech 163 

Figure 15 - Patent analysis Box's M test 

 
 
Table 11 - Patent analysis descriptive statistics 

Descriptive Statistics 

 
COMPANY_NAME2 Mean Std. Deviation N 

NB_CITING_DOCDB_FAM ASML 27.97 46.430 3496 

Canon 10.51 39.017 16314 

Nikon 20.52 35.924 8580 

Ultratech 30.47 24.714 163 

Total 15.77 39.585 28553 

GENERAL_IPC4 ASML .613841 .2603673 3496 

Canon .411094 .3048656 16314 
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Nikon .558104 .2734687 8580 

Ultratech .661093 .2214390 163 

Total .481521 .3017844 28553 

GENERAL_IPC6 ASML .659157 .2621792 3496 

Canon .543892 .2987781 16314 

Nikon .675663 .2483083 8580 

Ultratech .761219 .2094735 163 

Total .598842 .2868565 28553 

ORIGINAL_IPC4 ASML .427981 .2985877 3496 

Canon .314465 .2995562 16314 

Nikon .336575 .2955606 8580 

Ultratech .276074 .2856185 163 

Total .334788 .3003546 28553 

ORIGINAL_IPC6 ASML .469206 .3057304 3496 

Canon .427693 .3075395 16314 

Nikon .450461 .2937382 8580 

Ultratech .375541 .3037609 163 

Total .439320 .3036040 28553 

NEW_FUNCTIONALITY_IPC

4 

ASML .002288 .0477886 3496 

Canon .000000 .0000000 16314 

Nikon .000233 .0152667 8580 

Ultratech .012270 .1104273 163 

Total .000420 .0204966 28553 

NEW_FUNCTIONALITY_IPC

6 

ASML .061499 .4114866 3496 

Canon .022373 .2990446 16314 

Nikon .020629 .3086635 8580 

Ultratech .073620 .5277284 163 

Total .026932 .3197024 28553 

NEW_ORIGIN_IPC4_FULL ASML .020309 .3688741 3496 

Canon .002145 .0547644 16314 

Nikon .002331 .1249564 8580 

Ultratech .000000 .0000000 163 

Total .004413 .1519745 28553 

NEW_ORIGIN_IPC6_FULL ASML 1.365561 7.6423040 3496 

Canon .254015 1.5747456 16314 

Nikon .397902 3.8226441 8580 

Ultratech .490798 1.7755823 163 

Total .434700 3.6193598 28553 

NEW_IMPACT_IPC4_FULL ASML .002288 .0534415 3496 

Canon .000674 .0259587 16314 
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Nikon .001166 .0457907 8580 

Ultratech .006135 .0783260 163 

Total .001051 .0374146 28553 

NEW_IMPACT_IPC6_FULL ASML .433638 1.9366656 3496 

Canon .150668 1.2550556 16314 

Nikon .281119 1.3639464 8580 

Ultratech .779141 3.9984944 163 

Total .228102 1.4212465 28553 

 

9.3.4. Results 
Table 12 - Patent analysis multiple comparisons table 

Multiple Comparisons 

Games-Howell   

Dependent Variable 

(I) 

COMPANY_NAME2 

(J) 

COMPANY_NAME2 

Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

NB_CITING_DOCDB_FA

M 

ASML Canon 17.46* .728 .000 15.54 19.38 

Nikon 7.45* .784 .000 5.38 9.51 

Ultratech -2.50 3.129 1.000 -10.76 5.76 

Canon ASML -17.46* .728 .000 -19.38 -15.54 

Nikon -10.01* .521 .000 -11.39 -8.64 

Ultratech -19.96* 3.074 .000 -28.07 -11.85 

Nikon ASML -7.45* .784 .000 -9.51 -5.38 

Canon 10.01* .521 .000 8.64 11.39 

Ultratech -9.95* 3.088 .008 -18.09 -1.80 

Ultratech ASML 2.50 3.129 1.000 -5.76 10.76 

Canon 19.96* 3.074 .000 11.85 28.07 

Nikon 9.95* 3.088 .008 1.80 18.09 

GENERAL_IPC4 ASML Canon .202747* .0054066 .000 .188482 .217012 

Nikon .055737* .0058208 .000 .040379 .071095 

Ultratech -.047252 .0232461 .253 -.108585 .014081 

Canon ASML -.202747* .0054066 .000 -.217012 -.188482 

Nikon -.147010* .0038688 .000 -.157217 -.136802 

Ultratech -.249999* .0228357 .000 -.310250 -.189749 

Nikon ASML -.055737* .0058208 .000 -.071095 -.040379 

Canon .147010* .0038688 .000 .136802 .157217 

Ultratech -.102989* .0229372 .000 -.163508 -.042471 

Ultratech ASML .047252 .0232461 .253 -.014081 .108585 

Canon .249999* .0228357 .000 .189749 .310250 

Nikon .102989* .0229372 .000 .042471 .163508 

GENERAL_IPC6 ASML Canon .115265* .0052117 .000 .101514 .129016 
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Nikon -.016506* .0056109 .020 -.031311 -.001702 

Ultratech -.102062* .0224081 .000 -.161185 -.042940 

Canon ASML -.115265* .0052117 .000 -.129016 -.101514 

Nikon -.131771* .0037293 .000 -.141611 -.121932 

Ultratech -.217327* .0220125 .000 -.275406 -.159248 

Nikon ASML .016506* .0056109 .020 .001702 .031311 

Canon .131771* .0037293 .000 .121932 .141611 

Ultratech -.085556* .0221104 .001 -.143893 -.027219 

Ultratech ASML .102062* .0224081 .000 .042940 .161185 

Canon .217327* .0220125 .000 .159248 .275406 

Nikon .085556* .0221104 .001 .027219 .143893 

ORIGINAL_IPC4 ASML Canon .113517* .0055569 .000 .098855 .128178 

Nikon .091406* .0059826 .000 .075621 .107191 

Ultratech .151907* .0238923 .000 .088869 .214946 

Canon ASML -.113517* .0055569 .000 -.128178 -.098855 

Nikon -.022111* .0039763 .000 -.032602 -.011619 

Ultratech .038391 .0234704 .611 -.023535 .100316 

Nikon ASML -.091406* .0059826 .000 -.107191 -.075621 

Canon .022111* .0039763 .000 .011619 .032602 

Ultratech .060501 .0235749 .062 -.001700 .122702 

Ultratech ASML -.151907* .0238923 .000 -.214946 -.088869 

Canon -.038391 .0234704 .611 -.100316 .023535 

Nikon -.060501 .0235749 .062 -.122702 .001700 

ORIGINAL_IPC6 ASML Canon .041513* .0056510 .000 .026603 .056423 

Nikon .018745* .0060839 .012 .002693 .034797 

Ultratech .093665* .0242968 .001 .029560 .157771 

Canon ASML -.041513* .0056510 .000 -.056423 -.026603 

Nikon -.022768* .0040436 .000 -.033437 -.012099 

Ultratech .052152 .0238678 .173 -.010821 .115126 

Nikon ASML -.018745* .0060839 .012 -.034797 -.002693 

Canon .022768* .0040436 .000 .012099 .033437 

Ultratech .074920* .0239740 .011 .011667 .138174 

Ultratech ASML -.093665* .0242968 .001 -.157771 -.029560 

Canon -.052152 .0238678 .173 -.115126 .010821 

Nikon -.074920* .0239740 .011 -.138174 -.011667 

NEW_FUNCTIONALITY_

IPC4 

ASML Canon .002288* .0003814 .000 .001282 .003295 

Nikon .002055* .0004106 .000 .000972 .003139 

Ultratech -.009982* .0016399 .000 -.014308 -.005655 

Canon ASML -.002288* .0003814 .000 -.003295 -.001282 

Nikon -.000233 .0002729 1.000 -.000953 .000487 
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Ultratech -.012270* .0016109 .000 -.016520 -.008020 

Nikon ASML -.002055* .0004106 .000 -.003139 -.000972 

Canon .000233 .0002729 1.000 -.000487 .000953 

Ultratech -.012037* .0016181 .000 -.016306 -.007768 

Ultratech ASML .009982* .0016399 .000 .005655 .014308 

Canon .012270* .0016109 .000 .008020 .016520 

Nikon .012037* .0016181 .000 .007768 .016306 

NEW_FUNCTIONALITY_

IPC6 

ASML Canon .039125* .0059533 .000 .023418 .054833 

Nikon .040869* .0064093 .000 .023959 .057780 

Ultratech -.012121 .0255966 1.000 -.079656 .055414 

Canon ASML -.039125* .0059533 .000 -.054833 -.023418 

Nikon .001744 .0042599 1.000 -.009496 .012984 

Ultratech -.051246 .0251446 .249 -.117589 .015096 

Nikon ASML -.040869* .0064093 .000 -.057780 -.023959 

Canon -.001744 .0042599 1.000 -.012984 .009496 

Ultratech -.052990 .0252565 .215 -.119628 .013648 

Ultratech ASML .012121 .0255966 1.000 -.055414 .079656 

Canon .051246 .0251446 .249 -.015096 .117589 

Nikon .052990 .0252565 .215 -.013648 .119628 

NEW_ORIGIN_IPC4_FUL

L 

ASML Canon .018164* .0028303 .000 .010696 .025631 

Nikon .017978* .0030471 .000 .009938 .026018 

Ultratech .020309 .0121692 .571 -.011799 .052417 

Canon ASML -.018164* .0028303 .000 -.025631 -.010696 

Nikon -.000186 .0020253 1.000 -.005529 .005158 

Ultratech .002145 .0119544 1.000 -.029395 .033686 

Nikon ASML -.017978* .0030471 .000 -.026018 -.009938 

Canon .000186 .0020253 1.000 -.005158 .005529 

Ultratech .002331 .0120075 1.000 -.029350 .034012 

Ultratech ASML -.020309 .0121692 .571 -.052417 .011799 

Canon -.002145 .0119544 1.000 -.033686 .029395 

Nikon -.002331 .0120075 1.000 -.034012 .029350 

NEW_ORIGIN_IPC6_FUL

L 

ASML Canon 1.111546* .0671345 .000 .934415 1.288676 

Nikon .967659* .0722773 .000 .776959 1.158358 

Ultratech .874763* .2886498 .015 .113177 1.636349 

Canon ASML -1.111546* .0671345 .000 -1.288676 -.934415 

Nikon -.143887* .0480389 .016 -.270635 -.017139 

Ultratech -.236783 .2835533 1.000 -.984921 .511356 

Nikon ASML -.967659* .0722773 .000 -1.158358 -.776959 

Canon .143887* .0480389 .016 .017139 .270635 

Ultratech -.092895 .2848147 1.000 -.844362 .658571 
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Ultratech ASML -.874763* .2886498 .015 -1.636349 -.113177 

Canon .236783 .2835533 1.000 -.511356 .984921 

Nikon .092895 .2848147 1.000 -.658571 .844362 

NEW_IMPACT_IPC4_FUL

L 

ASML Canon .001614 .0006972 .124 -.000226 .003454 

Nikon .001123 .0007506 .808 -.000858 .003103 

Ultratech -.003847 .0029978 1.000 -.011756 .004063 

Canon ASML -.001614 .0006972 .124 -.003454 .000226 

Nikon -.000491 .0004989 1.000 -.001808 .000825 

Ultratech -.005461 .0029449 .382 -.013231 .002309 

Nikon ASML -.001123 .0007506 .808 -.003103 .000858 

Canon .000491 .0004989 1.000 -.000825 .001808 

Ultratech -.004969 .0029580 .558 -.012774 .002835 

Ultratech ASML .003847 .0029978 1.000 -.004063 .011756 

Canon .005461 .0029449 .382 -.002309 .013231 

Nikon .004969 .0029580 .558 -.002835 .012774 

NEW_IMPACT_IPC6_FUL

L 

ASML Canon .282970* .0264158 .000 .213274 .352667 

Nikon .152520* .0284393 .000 .077484 .227555 

Ultratech -.345503* .1135766 .014 -.645168 -.045837 

Canon ASML -.282970* .0264158 .000 -.352667 -.213274 

Nikon -.130451* .0189021 .000 -.180323 -.080579 

Ultratech -.628473* .1115713 .000 -.922847 -.334099 

Nikon ASML -.152520* .0284393 .000 -.227555 -.077484 

Canon .130451* .0189021 .000 .080579 .180323 

Ultratech -.498022* .1120676 .000 -.793706 -.202338 

Ultratech ASML .345503* .1135766 .014 .045837 .645168 

Canon .628473* .1115713 .000 .334099 .922847 

Nikon .498022* .1120676 .000 .202338 .793706 

*. The mean difference is significant at the .05 level. 
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9.4. Firm performance analysis 

 
9.4.1. Assumptions 

The first three assumptions of the one-way MANOVA 

are #1 there are two or more dependent variables, #2 the 

independent variable is categorical with two or more 

independent groups and #3 and there is independence of 

observations. The patent data meets these assumptions 

because #l there are eleven dependent variables, #2 the 

independent variable is “company_name2” which consists 

out of four categorical independent groups namely 

companies/categories “ASML”, “Canon”, “Nikon” and 

“Ultratech”. #3 The observations are all independent (Laerd 

Statistics, 2018). There are six more assumptions, which will 

be listed and discussed below, to be met. However, as stated 

by Laerd Statistics (2018) it is not uncommon in the real 

world for the data you have collected to violate (i.e., fail) one 

or more of these six other assumptions, this just means 

different ways to proceed.  

Assumption #4: There should be no univariate or 

multivariate outliers. There are outliers in the data, as 

assessed by inspection of the boxplots (see figures 38 – 43 

below), however it was decided to include the outliers in the 

analysis anyway since they are not data entry errors and 

represent the data.  

Assumption #5: There needs to be approximate 

normality. Most of the variables show approximate normal 

distribution, some of the variables show a little less 

approximate normal distribution. As the one-way MANOVA 

is fairly robust to deviations from normality it was decided to 

proceed. (see figures 16-37 below) 

Assumption #6: There should be no multicollinearity. 

There was no multicollinearity, as assessed by Pearson 

correlation (see figure 66 below) 

Assumption #7: You should have an adequate sample 

size. At bare minimum as many cases in each group of the 

independent variable as there are number of dependent 

variables. The sample has an adequate sample size (see figure 

66 below). 

Assumption #8: There should be homogeneity of 

variance-covariance matrices. There was homogeneity of 

variance-covariances matrices, as assessed by Box's M test 

of equality of covariance matrices (p = .000) (see table 13 

below. 

Assumption #9: There should be homogeneity of 

variances. There is no homogeneity of variances, as assessed 

by Levene's Test of Homogeneity of Variance. Even though 

this assumption is violated we can still proceed with the 

analysis only need to produce Welch Anova in SPSS as well 

as use the Games-Howell instead of Bonferroni as posthoc 

test. 

 

 

ASML Normality 

 
Figure 16 - Histogram of ROA variable for ASML 

 
 



 R. Meyer / Master Thesis Business Administration / University of Twente  - 28 - 

Figure 17 - Histogram of ROE variable for ASML 

 
Figure 18 - Histogram of Tobin's Q variable for ASML 
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Figure 19 - Histogram of Earnings Per Share (EPS) variable for ASML 

 
 
Figure 20 - Histogram of Profit margin% variable for ASML 
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Figure 21 - Histogram of Gross Margin % variable for ASMLaaa 

 
 

Canon Normality 

 
Figure 22 - Histogram of ROA variable for Canon 
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Figure 23 - Histogram of ROE variable for Canon 

 
Figure 24 - Histogram of Tobin's Q variable for Canon 
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Figure 25 - Histogram of Earnings Per Share (EPS) variable for Canon 

 
 
Figure 26 - Histogram of Profit margin % variable for Canon 
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Figure 27 - Histogram of Gross Margin % variable for Canon 

 
 

 

Nikon Normality 

 
Figure 28 - Histogram of ROA variable for Nikon 
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Figure 29 - Histogram of ROE variable for Nikon 

 
 
Figure 30 - Histogram of Tobin's Q variable for Nikon 
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Figure 31 - Histogram of Earnings Per Share (EPS) variable for Nikon 

 
 
Figure 32 - Histogram of Profit margin% variable for Nikon 

 
 



 R. Meyer / Master Thesis Business Administration / University of Twente  - 36 - 

Figure 33 - Histogram of Gross Margin % variable for Nikon 

 
 

 

Ultratech Normality 

 
Figure 34 - Histogram of ROA variable for Ultratech 
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Figure 35 - Histogram of ROE variable for Ultratech 

 
Figure 36 - Histogram of Profit margin% variable for Ultratech 
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Figure 37 - Histogram of Gross Margin % variable for Ultratech 
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Boxplots 

 
Figure 38 - Boxplots of ROA variable 

 

 
Figure 39 - Boxplots of ROE variable 
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Figure 40 - Boxplots of Tobin's Q variable 

 
 
Figure 41 - Boxplots of Earnings Per Share (EPS) 
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Figure 42 - Boxplots of Profit margin % variable 

 
 
Figure 43 - Boxplots of Gross Margin % variable 
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Normal QQ plots 

 
Figure 44 - Normal QQ plot of ROA for ASML 

 
 
Figure 45 - Normal QQ plot of ROA for Canon 
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Figure 46 - Normal QQ plot of ROA for Nikon 

 
 
Figure 47 - Normal QQ plot of ROA for Ultratech 
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Figure 48 - Normal QQ plot of ROE for ASML 

 

 

 

 

 

Figure 49 - Normal QQ plot of ROE for Canon 
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Figure 50 - Normal QQ plot of ROE for Nikon 

 
 
Figure 51 - Normal QQ plot of ROE for Ultratech 
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Figure 52 - Normal QQ plot of Tobin's Q for ASML 

 

 
Figure 53 - Normal QQ plot of Tobin's for Canon 
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Figure 54 - Normal QQ plot of ROE for Nikon 

 
 
Figure 55 -Normal QQ plot of Earnings Per Share (EPS) for ASML 
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Figure 56 - Normal QQ plot of Earning Per Share (EPS) for Canon 

 
 

 
Figure 57 - Normal QQ plot of Earnings Per Share (EPS) for Nikon 

 
 



 R. Meyer / Master Thesis Business Administration / University of Twente  - 49 - 

Figure 58 - Normal QQ plot of Profit margin% for ASML 

 

 
Figure 59 - Normal QQ plot of Profit margin % for Canon 
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Figure 60 - Normal QQ plot of Profit margin% for Nikon 

 

 
Figure 61 - Normal QQ plot of Profit margin% for Ultratech 
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Figure 62 - Normal QQ plot of Gross Margin % for ASML 

 
 
Figure 63 - Normal QQ plot of Gross Margin % for Canon 
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Figure 64 - Normal QQ plot of Gross Margin % for Nikon 

 
 
Figure 65 - Normal QQ plot of Gross Margin % for Ultratech 
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Multicollinearity 

 
Figure 66 - Firm performance Pearson Correlations 

Correlations 

 

ROA (using net 

income) 

ROE (using net 

income) Tobin's Q Profit margin% 

Earnings per 

share 

ROA (using net 

income) 

Pearson Correlation 1 .969** .570** .948** .828** 

Sig. (2-tailed)  .000 .002 .000 .000 

N 34 34 26 34 26 

ROE (using net 

income) 

Pearson Correlation .969** 1 .503** .879** .751** 

Sig. (2-tailed) .000  .009 .000 .000 

N 34 34 26 34 26 

Tobin's Q Pearson Correlation .570** .503** 1 .725** .769** 

Sig. (2-tailed) .002 .009  .000 .000 

N 26 26 30 26 30 

Profit margin% Pearson Correlation .948** .879** .725** 1 .945** 

Sig. (2-tailed) .000 .000 .000  .000 

N 34 34 26 34 26 

Earnings per share Pearson Correlation .828** .751** .769** .945** 1 

Sig. (2-tailed) .000 .000 .000 .000  

N 26 26 30 26 30 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

9.4.2. Descriptive statistics (part 1) 

 
Figure 67 - Firm performance analysis between-subjects factors (part 1) 

Between-Subjects Factors 

 Value Label N 

Company name coded 1 ASML 9 

2 Canon 9 

3 Nikon 8 

4 Ultratech 8 
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Table 13 - Firm performance analysis Box's M test 

Box's Test of Equality of 

Covariance Matricesa 

Box's M 181.992 

F 4.534 

df1 30 

df2 2398.348 

Sig. .000 

Tests the null hypothesis 

that the observed 

covariance matrices of the 

dependent variables are 

equal across groups. 

a. Design: Intercept + 

Company_name2 

 
Figure 68 - Firm performance analysis descriptive statistics (part 1) 

Descriptive Statistics 

 
Company name coded Mean Std. Deviation N 

ROA (using net income) ASML 11.2172 6.15254 9 

Canon 5.0352 1.18320 9 

Nikon 2.9558 2.74572 8 

Ultratech 2.4800 6.32934 8 

Total 5.5811 5.68857 34 

ROE (using net income) ASML 20.0354 12.70892 9 

Canon 7.3752 1.51524 9 

Nikon 5.5039 5.28328 8 

Ultratech 3.0014 7.41348 8 

Total 9.2570 10.14113 34 

Profit margin% ASML 23.5676 10.97572 9 

Canon 9.1568 1.37865 9 

Nikon 4.4146 3.76351 8 

Ultratech 4.0746 14.24173 8 

Total 10.6598 11.90446 34 

Gross Margin % ASML 46.9156 3.59812 9 

Canon 55.9286 1.16538 9 

Nikon 40.0535 3.03201 8 

Ultratech 51.7039 3.60941 8 

Total 48.8134 6.60292 34 
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Figure 69 - Firm performance analysis Levene's test (part 1) 

Levene's Test of Equality of Error Variancesa 

 F df1 df2 Sig. 

ROA (using net income) 3.699 3 30 .022 

ROE (using net income) 4.505 3 30 .010 

Profit margin% 5.325 3 30 .005 

Gross Margin % 2.014 3 30 .133 

Tests the null hypothesis that the error variance of the dependent variable is equal 

across groups. 

a. Design: Intercept + Company_name2 

 

Figure 70 - Firm performance analysis Welch test (part 1) 

Robust Tests of Equality of Means 

 Statistica df1 df2 Sig. 

ROA (using net income) Welch 4.490 3 13.698 .021 

ROE (using net income) Welch 3.833 3 13.094 .036 

Profit margin% Welch 8.669 3 13.195 .002 

Gross Margin % Welch 69.565 3 14.150 .000 

 

 

9.4.3. Descriptive statistics (part 2) 

 
Figure 71 - Firm performance analysis between-subject factors (part 2) 

Between-Subjects Factors 

 Value Label N 

Company name coded 1 ASML 10 

2 Canon 10 

3 Nikon 10 

 
Table 14 - Firm performance analysis Box's M test 

Box's Test of Equality of 

Covariance Matricesa 

Box's M 31.124 

F 4.631 

df1 6 

df2 18168.923 

Sig. .000 

Tests the null hypothesis 

that the observed covariance 

matrices of the dependent 

variables are equal across 

groups. 
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a. Design: Intercept + 

Company_name2 

 

Figure 72 - Firm performance analysis descriptive statistics (part 2) 

Descriptive Statistics 

 
Company name coded Mean Std. Deviation N 

Tobin's Q ASML 2.3790 .54569 10 

Canon 1.1213 .16804 10 

Nikon .8736 .25706 10 

Total 1.4580 .75567 30 

Earnings per share ASML 2.7937 1.52291 10 

Canon 1.3615 .36738 10 

Nikon .6125 .48218 10 

Total 1.5892 1.29650 30 

 

 

 

9.4.4. Results (part 1) 

 
Table 15 - Firm performance multiple comparison table 

Multiple Comparisons 

Games-Howell 

Dependent Variable (I) Company name coded (J) Company name coded 

Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

ROA (using net income) ASML Canon 6.1820 2.18958 .050 -.0029 12.3669 

Nikon 8.2615* 2.25697 .006 1.8862 14.6367 

Ultratech 8.7372* 2.25697 .003 2.3620 15.1125 

Canon ASML -6.1820 2.18958 .050 -12.3669 .0029 

Nikon 2.0795 2.25697 1.000 -4.2958 8.4547 

Ultratech 2.5552 2.25697 1.000 -3.8200 8.9305 

Nikon ASML -8.2615* 2.25697 .006 -14.6367 -1.8862 

Canon -2.0795 2.25697 1.000 -8.4547 4.2958 

Ultratech .4758 2.32240 1.000 -6.0843 7.0358 

Ultratech ASML -8.7372* 2.25697 .003 -15.1125 -2.3620 

Canon -2.5552 2.25697 1.000 -8.9305 3.8200 

Nikon -.4758 2.32240 1.000 -7.0358 6.0843 

ROE (using net income) ASML Canon 12.6602* 3.74226 .012 2.0895 23.2310 

Nikon 14.5316* 3.85743 .004 3.6355 25.4276 

Ultratech 17.0341* 3.85743 .001 6.1380 27.9301 

Canon ASML -12.6602* 3.74226 .012 -23.2310 -2.0895 

Nikon 1.8713 3.85743 1.000 -9.0247 12.7674 
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Ultratech 4.3738 3.85743 1.000 -6.5222 15.2699 

Nikon ASML -14.5316* 3.85743 .004 -25.4276 -3.6355 

Canon -1.8713 3.85743 1.000 -12.7674 9.0247 

Ultratech 2.5025 3.96927 1.000 -8.7095 13.7145 

Ultratech ASML -17.0341* 3.85743 .001 -27.9301 -6.1380 

Canon -4.3738 3.85743 1.000 -15.2699 6.5222 

Nikon -2.5025 3.96927 1.000 -13.7145 8.7095 

Profit margin% ASML Canon 14.4108* 4.30148 .013 2.2604 26.5612 

Nikon 19.1529* 4.43387 .001 6.6286 31.6773 

Ultratech 19.4929* 4.43387 .001 6.9686 32.0173 

Canon ASML -14.4108* 4.30148 .013 -26.5612 -2.2604 

Nikon 4.7422 4.43387 1.000 -7.7822 17.2665 

Ultratech 5.0822 4.43387 1.000 -7.4422 17.6065 

Nikon ASML -19.1529* 4.43387 .001 -31.6773 -6.6286 

Canon -4.7422 4.43387 1.000 -17.2665 7.7822 

Ultratech .3400 4.56241 1.000 -12.5474 13.2274 

Ultratech ASML -19.4929* 4.43387 .001 -32.0173 -6.9686 

Canon -5.0822 4.43387 1.000 -17.6065 7.4422 

Nikon -.3400 4.56241 1.000 -13.2274 12.5474 

Gross Margin % ASML Canon -9.0130* 1.41417 .000 -13.0076 -5.0184 

Nikon 6.8621* 1.45769 .000 2.7445 10.9796 

Ultratech -4.7883* 1.45769 .016 -8.9059 -.6708 

Canon ASML 9.0130* 1.41417 .000 5.0184 13.0076 

Nikon 15.8751* 1.45769 .000 11.7575 19.9926 

Ultratech 4.2247* 1.45769 .042 .1071 8.3422 

Nikon ASML -6.8621* 1.45769 .000 -10.9796 -2.7445 

Canon -15.8751* 1.45769 .000 -19.9926 -11.7575 

Ultratech -11.6504* 1.49995 .000 -15.8873 -7.4135 

Ultratech ASML 4.7883* 1.45769 .016 .6708 8.9059 

Canon -4.2247* 1.45769 .042 -8.3422 -.1071 

Nikon 11.6504* 1.49995 .000 7.4135 15.8873 

*. The mean difference is significant at the .05 level. 
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9.4.5. Results (part 2) 

 
Table 16 - firm performance multiple comparisons table 

Multiple Comparisons 

Games-Howell 

Dependent Variable (I) Company name coded (J) Company name coded 

Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Tobin's Q ASML Canon 1.2577* .16168 .000 .8450 1.6704 

Nikon 1.5054* .16168 .000 1.0927 1.9181 

Canon ASML -1.2577* .16168 .000 -1.6704 -.8450 

Nikon .2477 .16168 .411 -.1650 .6604 

Nikon ASML -1.5054* .16168 .000 -1.9181 -1.0927 

Canon -.2477 .16168 .411 -.6604 .1650 

Earnings per share ASML Canon 1.4322* .42322 .007 .3519 2.5124 

Nikon 2.1812* .42322 .000 1.1010 3.2615 

Canon ASML -1.4322* .42322 .007 -2.5124 -.3519 

Nikon .7491 .42322 .264 -.3312 1.8293 

Nikon ASML -2.1812* .42322 .000 -3.2615 -1.1010 

Canon -.7491 .42322 .264 -1.8293 .3312 

*. The mean difference is significant at the .05 level. 
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9.5. Mapping of patent variables, firm performance variables and product introductions 

 
Table 17 - ASML historical overview of lithography platforms (ASML, 2018) 

 
 
Table 18 - Canon historical overview of lithography systems(platforms) (Canon, 2018) 
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9.5.1. Mapping patent analysis separate (all variables including firm performance) 

 

 

 

 

 

 

 

  

Figure 73 - Patent variables, firm performance variables and product introductions for ASML 

Figure 74 - Patent variables, firm performance variables and product introductions for Canon 
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Figure 75 - Patent variables, firm performance variables and product introductions for Nikon 

Figure 76 - Patent variables, firm performance variables and product introductions for Ultratech 
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9.5.2. Mapping patent analysis separate (all variables) except firm performance 

 
Figure 77 - Mapped patent analysis variables and product introductions (without firm performance variables for ASML 

 
 

 
Figure 78 - Mapped patent analysis variables and product introductions (without firm performance variables for Canon 
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Figure 79 - Mapped patent analysis variables and product introductions (without firm performance variables for Nikon 

 
 

 
Figure 80 - Mapped patent analysis variables and product introductions (without firm performance variables for Ultratech 
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9.5.3. Mapping patent analysis separate (all variables except NB_CITING_DOCDB_FAM) 

 
Figure 81 - Mapping patent analysis separate (all variables except NB_CITING_DOCDB_FAM) for ASML 

 

 
Figure 82 - Mapping patent analysis separate (all variables except NB_CITING_DOCDB_FAM) for Canon 
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Figure 83 - Mapping patent analysis separate (all variables except NB_CITING_DOCDB_FAM) for Nikon 

 

 
Figure 84 - Mapping patent analysis separate (all variables except NB_CITING_DOCDB_FAM) for Ultratech 

 
 


