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kun niiden käytön kustannukset laskevat. Nämä teknologiat palvelevat useita toimialoja, 

mutta koneenrakentajilla itsellään on vähäinen vaikutus teknologian kustannuksiin, 

nopeuteen, saatavuuteen, ominaisuuksiin tai niiden kehittymiseen. 

Empiiriset tulokset osoittivat myös, että tieteenhaara tai toimialapohjaiset alustat ovat 

voimakkaimmat potentiaalista murrosta aiheuttavat taloudelliset konseptit tämän tutki-

muksen rajauksella. Alustat ovat uusia elementtejä, joilla on merkittävä vaikutus toimi-

alan dynamiikkaan, mutta perinteisten yritysten johdolla on harvoin omaan opiskeluun 

tai kokemukseen perustuvaa osaamista niistä. Alustat saavat voimansa verkostovaiku-

tuksista, joissa tietotyöläiset, startupit ja monikansalliset yritykset luovat yhdessä arvoa. 

Koneenrakentajat eivät pysty estämään alustojen syntymistä tai merkittävästi hidasta-

maan niiden kehitystä. Ne voivat ohittaa ilmiön, sopeutua siihen tai mahdollisuuksiensa 

ja kyvykkyyksiensä puitteissa luoda oman alustastrategiansa. 

Merkittävä osa ajureista, jotka kiihdyttävät digitaalisia konsepteja, ovat perinteisiä ja 

rationaalisia, kuten tuottavuus, läpimenoajat, ominaisuudet, laatu tai kustannukset. Osa 

kehitystä hidastavista ajureista on helposti tunnistettavissa, kuten 3D-tulostimen nope-

us tai kuinka moni käyttäjä antaa pääsyn dataansa. Huoli tietoturvasta hidastaa inves-

tointeja, ja olemassa olevien prosessien ja järjestelmien vaihtaminen on aikaa vievää. 

Empiiriset tulokset osoittivat kuitenkin, että voimakkaimmat hidasteet liittyivät suoraan 

ihmisiin ja päätöksentekoon. Kolme merkittävintä ihmisiin liittyvää hidastetta olivat sys-

teemisten ilmiöiden huono ymmärtäminen, johdon uskomukset ja kyvykkyyksien puute. 

Tulosten merkitys käytännön strategiselle johtamiselle kiteytyy kahteen asiaan. Ensin-

näkin johdon pitää ymmärtää ja uskoa, että digitaalisuus murtaa joiltakin osin nykyisen 

liiketoiminnan, ja toiseksi kehitys on niin monisyistä, ettei menestystä voi kovinkaan 

tarkasti suunnitella etukäteen. Osa tutkimuksessa käytetystä kirjallisuudesta ja Delfoi-

haastatteluista saadut tulokset painottavat tällaisessa tilanteessa yrittäjyysmäistä ajat-

telutapaa ja paljon pieniä kokeiluja, joissa hyödynnetään ulkoisten verkostojen tietä-

mystä. Toimintatapa mahdollistaa sen, että strategia voidaan luoda oppimalla, mikä 

samanaikaisesti kehittää kyvykkyyksiä, joita tarvitaan tieto- ja käyttäjäkeskeisissä liike-

toimintaympäristöissä. 

 

 

Avainsanat: digitalisaatio, teollinen internet, Big Data, tekoäly, alustat, avoin innovaatio, teolli-
nen murros, strateginen johtaminen, Delfoi, kontinkäsittely 
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Finally, the value is captured by the user. In an industrial context, the user can be a 

power station, a chemical plant, or a service provider. The empirical portion of this dis-

sertation assumed that users are global container handling operators at ports. A port 

operator uses systems, machines, and services to serve its customers, which include 

shipping lines at sea and trucking and railroad companies on land.  

The primary assumption is: 

Digitalization is a major systemic enabler for future competitive ad-

vantages of the machine-building industry, and in some phase of the val-

ue creation, it is or will be disruptive within the next 10 years. 

The research questions are: 

Which drivers enabled by digitalization accelerate or inhibit disruption in a 

machine-building industry that serves global container handling? 

Do the enablers, actors and users have different views on the drivers or 

sub-drivers that either accelerate or inhibit the disruptive development? 

How are disruptive drivers related to each other in a machine-building in-

dustry that serves global container handling? 

The answers to these questions will provide support for decision-makers regarding 

their current strategic choices and allocation of resources. Ultimately, the benefit mate-

rializes in better value creation or in extreme disruption with a higher likelihood to stay 

in business or to lead the change. 

 Structure of the dissertation 1.3

Chapter two describes the theoretical foundation for the empirical research. The re-

search question is considered from three perspectives. Industry evolution, disruption, 

and convergence address the question from an external viewpoint. Firms take actions 

in businesses, and the strategic decisions are usually made by management. There-

fore, the second perspective of the theories is derived from economics and strategic 

management. The characteristics of digitalization might explain some of the disruption 

potential. Digitalization has also triggered new strategic concepts, such as platforms, 
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and thus the third perspective of the theories involves digitalization. The inquiry fo-

cused on systemic changes, which resulted in a rather wide theoretical range 

The third chapter presents the research methodology. Mixed methods were utilized, 

and the primary method used is the Delphi technique, which was triangulated by a sur-

vey and three case descriptions. Findings from thematic Delphi round one served as 

input for Delphi round two. They were also used to fine-tune the survey and case de-

sign. The survey was also used to expand the coverage of the Delphi interviews.  

The results are presented in chapter four so that each method forms an individual sec-

tion. The chapter begins with a short description of the container handling industry to 

provide a background for the interpretation of the results. The discussion and conclu-

sions combine qualitative (Delphi interviews and cases) and quantitative (survey) re-

sults in chapter five. Also the validity and reliability is reviewed in this chapter.  The 

chapter concludes by summarizing key contributions and suggestions for future re-

search avenues. The structure of the dissertation is described as a process in Figure 1. 
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tion belongs (3510 = construction, mining & materials handling machinery & equipment) 

is not exhaustive when considering the needs of users. One way to solve this issue is 

moving towards more aggregate grouping and using the NAISC (North American In-

dustrial Classifications System) in which the industry would be classified into the group 

of 31-334, which is manufacturing. This would include the needs of the user but would 

also include several products that are not relevant. Despite the weaknesses of both the 

SIC and the NAISC, similar categories offer suitable platforms for research within the 

industry or between industries, especially if statistical methods or time series are ap-

plied. The same longevity that simplifies the trend analysis might create inertia that 

delays the renewal. This could be explained by the multiple stakeholders that have 

emerged based on classifications, such as financial analysts, standardization organiza-

tions, trade associations, employee organizations, labor unions, conferences, and trade 

magazines. The convergence of industries blurs the boundaries between old industries 

and emerging new industries.  

Some components appear to be characteristics in the theory of industry. Components 

such as supply, demand, price, and competition are rooted in the very principles of 

economic theories, even if the details differ depending on which economical system 

they represent. The division of labor (Smith, 2014) was originally based not only on 

specialization but also on the high amount of the value being in a manual work in the 

industrial production. The evolution of services, and later, knowledge-based services, 

has brought several intangible assets to complement the original factors of production: 

labor, raw materials, and capital. Products and services fulfill needs in the market, but 

they do have substitutes. Substitutes can be different products, methods, or services 

that fulfill the same need, which often is the explicit object of innovation. Differentiation 

is a smaller degree of substitution that is also important in avoiding price competition 

(Conner, 1991). One of the main conclusions in her article (Conner, 1991), which com-

pared five schools of industrial organization economics, was the importance of unique 

capabilities, which are quite different when considering labor to be a homogenous fac-

tor of production. The impact of a non-economic environment on economic develop-

ment has been discussed since the infancy of the economics field. Schumpeter (2012) 

highlighted also that it is wrong to simplify economic development by decoupling it from 

the surrounding societal development. 

                                                

4
 http://www.census.gov/cgi-bin/sssd/naics/naicsrch, retrieved 6.6.2016 
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knowledge of each other, which would suggest more towards incremental evolution. 

The likelihood and impact of external threats is also dependent on the entry barriers of 

the industry. According to Porter (1979), the threat of industry includes six major entry 

barriers: economies of scale, product differentiation, capital requirement, cost disad-

vantages independent of size, access to distribution channels, and government policy. 

Physical production played an important role when the Five Forces was introduced. 

Digitalization introduces characteristics that do not fit well into the Five Forces. If the 

physical product can be decoupled from the value creation, the model might become 

weaker. Digital products and services behave differently than physical products also 

with the entry barriers having global scale, real-time product differentiation, low capital, 

and virtual distribution. Porter (1979) considered the experience curve to be a major 

factor related to the cost disadvantages, which is an important paradigm in several in-

dustries. Porter concluded that the new entrant might be more cost effective than the 

experienced competitor when it can utilize a new technology, which is an important 

notion in digitalization. Government policies in virtual products and services are related 

e.g. to data security and ownership. Afuah and Utterback (1997) combined the view of 

the Five Forces and the phases of evolution (fluid, transitional, specific, and disconti-

nuity) and argued that the Five Forces without the context of an evolutionary phase 

provides a static view of industry development. 

There are also perspectives that consider evolution from a temporal perspective. The 

diffusion of innovation describes the process of the adaptation of innovations by cus-

tomers. Rogers (2003) called the phases Innovators, Early Adopters, Early Majority, 

Late Majority, and Laggards. In his theory (Rogers, 2003), the size of the population 

forms a curve that is similar to normal distribution. Utterback and Abernathy (1975) 

concluded that there is a sequence of innovation in which the focus moves from prod-

uct innovation to process innovation after the rate of innovation of the product has de-

clined. The S-Curve is another focal theory that explains the temporality of industry 

evolution. Based on the product perspective Foster (1986) suggests that the lifecycle of 

a product follows the S-curve where the development is slow in the beginning and in 

the end but fast during the time when the product has passed the introduction. The 

theory explains that development in the next S-curve is driven by new technology 

and/or innovation. The S-curve theory does not implicitly affirm whether the change 

affects the dynamics only inside of the existing industry or whether it also applies to 

industrial disruption. Klepper (1997) argued that there are a number of industries in 

which evolution does not follow the phases of the product lifecycle theories. 
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bility of the external environment is the y-axis, and the x-axis represents the rationality 

of the internal process. The synthesis is presented in Appendix 1, and the main conclu-

sion is that the extreme unpredictability and natural internal processes are characteris-

tics of the Cognitive and Learning Schools.  

The analysis of strategic schools by Minzberg et al. (2010) did not discuss all major 

tools used by practitioners. All schools have some type of implicit or explicit assess-

ment as part of the strategy formation, and tools such as the Key Success Factor 

based analysis and planning by Daniel (1961) or the popular Balanced Scorecard 

(Kaplan and Norton 1992), which combined customer perspectives, business objec-

tives, and development plans with financial measurement, played or still play a role. 

Also, specific frameworks for holistic strategies, such as 7S (Structure, Systems, Style, 

Staff, Skills, Strategy, and Superordinate Goals) by Waterman et al. (1980) have been 

useful without being strongly linked to a certain school, which is the case also with pur-

pose-built models, such as the Repeatable Model (Zook, Allen 2012), for exploring 

growth opportunities based on the current core of a firm. Rigby and Bilodeau (2005) 

conducted a management tool survey and found that tools are temporal and have dif-

ferent strengths and weaknesses, and they also recommended that tools be adapted to 

the situation of the firm. This would imply that the tool selection can affect the outcome 

negatively if the incorrect tool is chosen. The same study (Rigby and Bilodeau 2005) 

revealed that at the time of the research, innovation was a vital element of corporate 

success but tools for senior management were not up to par, whereas the most effec-

tive tools were available for strategic planning. 

This dissertation investigates disruption or paradigm changes in lieu of quantum leaps 

in market positions or continuous improvement. Digitalization is described as a system-

ic phenomenon. This would locate the enquiry in the place of the framework (Appendix 

1) where the external world is uncertain and complex, and the internal process is closer 

to natural than rational. Based on the framework, this would suggest closeness to the 

Learning School, and that cognitive and cultural factors should be considered. 

 

2.2.3 Top management team  

Management plays a central role in strategy formation, which was discussed in the 

previous sub-chapter, and it plays an equally important role in the implementation of 

strategies. This sub-chapter focuses on the soft perspectives that might impact strategy 
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hierarchical structures. During transitions, they suggested stand-alone business units, 

centers of excellence, or cross-business steering mechanisms. Porter and Heppelman 

(2015) also suggested the role of a Chief Data Officer to manage data aggregation and 

analytics on the corporate level.  

 

2.3.1 Platform strategy 

A forklift can be a platform. A firm that manufactures forklift trucks can choose the core 

platform of the truck (e.g., frame, control system, and driver ergonomics) and design 

interfaces for partners (e.g., power train, attachment, wheels, and hydraulics). This is a 

type of modular thinking that has been common in industrial development for decades. 

Platforms have also been important contributors of efficiency for internal operations. In 

many car companies, different brands share the same platforms (and components), 

and the motivation has been sharing development and production or sourcing costs by 

economies of scale. Sawhney (1998) suggested that product platform thinking can also 

be expanded to brand, process, globalism, and customers.  

Information technology brought platforms to the next level by enabling the development 

to be location independent. Also, the core product, software, enabled real-time delivery 

economically anywhere. This also expanded the concept of platform products. Can a 

platform be built based on niche knowledge, such as knowledge of the wear and tear of 

a bearing? Gawer and Cusamo (2002) wrote an interesting book analyzing three firms 

that became platform leaders, Intel, Microsoft, and Cisco, and three firms that were 

potential platform leaders, Palm, DoCoMo, and Linux. Compared to earlier efficiency 

driven modularity, the book described platform strategies that had a symbiotic nature in 

which the platform owner and complementors depended on each other, such as a 

memory chip and a computer. Their conclusion was that to pursue a platform strategy, 

the firm must be able to manage four levers. Scope of the Firm involves the ecosystem, 

and Product Technology involves the way interfaces are designed and intellectual 

property is managed. External Relationships include the designs of the consensus/ 

control and collaboration/competition mechanism with the complementors, and Internal 

Organization includes the designs of structures, processes, culture, and mindsets when 

some of the complementors are competitors. Later, Gawer and Cusamo (2008) offered 

two paths for leadership: Coring (if the industry does not have a platform) and Tipping 

(winning the platform war through market momentum). The paths have different tech-

nology and business choices. 
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A transistor by Bell Labs in 1947 (Early, 2001) was one of the first key components in 

the future digital system. It was a simple, small device that could either act as an elec-

tronic switch or as an amplifier. The capacity of the transistor began to increase when 

the integrated circuit, which utilized semiconducting silicon, was invented by Texas 

Instruments in 1958 (Kilby, 2000). The next step was the microprocessor, which made 

it possible to use digital data as input and to process it according to programmable in-

structions. The microprocessor was not invented by Intel, but the Intel 4004 micropro-

cessor from 1971 (Betker et al., 1997) is perceived to be the first commercial micropro-

cessor. It paved the way not only for computers but also for other parts of a digital sys-

tem as an embedded component. 

Memory is needed for storing data either temporarily or for long periods. The first hard 

discs were invented by the IBM lab in 1956 (Praxley, 2007) to be used as part of their 

mainframe computer. Thereafter, there have been physics-based innovations of the 

discs or innovations in the production technology, which has enabled the growth in ca-

pacity (measured in bytes, which is equivalent to 8 bits), the decrease in the physical 

size of the device, and consequently, the reduced cost of storing data.  

Peripherals, such as sensors or various user interfaces, are fundamental for the sys-

tem to interact with the outside world. For entering data or viewing results, there have 

been innovations, such the keyboard, the mouse, and the touchscreen. The technical 

development of sensors is more important from an industrial perspective. The process 

industry measures various factors of the process by sensors in order to control the pro-

cess in a definite way. The importance of the sensors increases when they can be 

connected wirelessly to the external systems. This has enabled telemetry, for example, 

in which problems with a working machine can be solved remotely before they have 

occurred. Systems improve by increasing the amount of sensors that feed the critical 

data with a high reliability. The cost also decreases, which further accelerates market 

penetration. A robot is an example of a product that could not have been developed 

without digital technology. A robot needs sensors for safe navigation and for the input 

to make the right decisions, which are made by computer algorithms. Robotics has 

catalysed the development of actuators. Work machines require several actuators with 

micro movements to operate unmanned. There is also the additional challenge that 

both the machine and the load can weigh tens of tons.  

Algorithms are the brain of the system. They present the rules of system operation and 

are coded with a computer language, known as the software. The history of software is 

relatively brief. IEEE software publication place the introduction of the software in late 
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Big Data/AI 

Big Data involves the economical processing of large quantities of data. It is also 

viewed here as one of the steps toward Artificial Intelligence (AI). Interpreting data is 

common for humans and growingly also for machines. The change involves the un-

precedented flow of data of human behavior, often internet-based, or data from sen-

sors. At the same time, storing and computing data has become more economical, and 

there are better algorithms available. 

Big Data has often been referred to as a new source of innovation; the analytics are 

somewhat different when making sense of human behaviors or predicting a machine 

breakdown. The following two statements are true of machine data: the amount and 

nature of the data collected increases rapidly, and data can be transferred wirelessly. 

Based on data from sensors, conclusions can often be validated by simulations or em-

pirical experiments based on the laws of physics. The Artificial Intelligence of machines 

is related to machine learning or deep machine learning (Itamar et al., 2010). There is 

evidence of the effect of Big Data-driven business improvement but also large industry 

and firm variety how to capture the benefit (Brown et al., 2014); however, they suggest 

that data science requires a center of excellence to develop the required capabilities. 

Westerman et al. (2014) emphasized having the customer data in focus when develop-

ing data driven insights. Big Data alone is not the answer for future business success, 

as there is always some degree of judgment required, and therefore decoupled conclu-

sions of the company or its culture can lead to strategic mistakes (Guszcza and Rich-

ardson, 2014). Also, the investments in AI will continue, as AI can be the vehicle used 

for transforming computing from productivity to content. The Watson IBM is a prime 

example in the healthcare business, where advanced analytics assist doctors in diag-

nosing cancer. Likewise, the software giant SAP is developing its HANA technology for 

better analytics from predicting football results to business intelligence. Modern tech-

nology can also follow older business models, such as with Google, which has been 

using the traditional newspaper business model but more effectively and globally (Hu-

berty, 2015).  

McAfee and Brynjolfsson based on their interview of 330 North American executives 

concluded that data-driven companies were more profitable (McAfee, Brynjolfsson 

2012). They highlighted that the speed and variety of data has increased, which chal-

lenges deep hierarchical decision-making in data-driven environment. McAfee and 

Brynjolfsson (2012) came up with five management challenges into the transition to be 
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Model-Based System Engineering 

The focus of this dissertation is machine-builders. Even in standalone situations, ma-

chines are a result of multidisciplinary work. There is an ongoing evolution in the sub-

systems of a machine; material science creates lighter and more wearable structures, 

components are becoming more intelligent, and digitalization impacts how machines 

are controlled in several ways. The systemic complexity increases when a fleet of ma-

chines or machine interactions with upper systems (planning, maintenance, etc.) are 

taken into account. The development of a machine still follows the traditional disciplines 

as a foundation (mechanical, electrical, and software engineering), but digitalization 

has enabled new sources of input via sensors, new insight by algorithms that utilize Big 

Data, and a new set of tools. The tools include both methods such as simulations or 

crowdsourcing ideas as well as advancements in software for various disciplines, such 

as CAD tools. Model-Based System Engineering (MBSE) has evolved as a promising 

discipline to manage the growing complexity of the R&D of a machine builder. It can 

combine the physical world with software in an early development phase. Architecture 

is needed to enable the actor to create a dialogue between internal and external 

knowledge and to orchestrate the use of concepts, such as Open Innovation. MBSE is 

an effective method, but further standardization would lead to advancement with influ-

ential actors (INCOSE, 2007) actively using it. Garetti et al. (2012) argued that virtual 

prototyping is moving from digital knowledge to a digital lifecycle. This is an important 

concept in building new business models that are performance-based. Nichols (2013) 

suggested that systemic complex problems can be solved in the CPS environment by a 

smart and synchronised development methodology (from previous concurrent devel-

opment), which is also a driver of business transformation. This methodology can in-

clude continuous iteration supported by virtual and real experiments, which is some-

what similar to Scrum (Schwaber and Beedle, 2002) ideology. MBSE is currently in an 

early phase, and technologies that can enhance it are still in development. 

 

Robotics 

In the context of this dissertation, robotics refers to work machines becoming autono-

mous. All work machines have features that assist the operators or protect the machine 

from failures whether caused by the operator, the machine, or the environment. Com-

puters have played a major role in this process. For example, a sensor measures the 

temperature of engine coolant, and if the temperature is too high, software instructs the 
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Figure 10. Maturity by industry, (Westerman et al., 2012) 

 

 Synthesis on industry evolution, strategy formation, and 2.4
digitalization 

The phenomena and mechanisms investigated are part of the industry evolution; the 

theory sections discussed seminal theories that explain the dynamics of the industry 

evolution, such as the Five Forces (Porter, 1979), the role of the stakeholders (Free-

man, 2015), or emerging theories of industry convergence. The nature of the evolution 

was also investigated, which involves stepwise or disruptive continuous improvement. 

The focal theories are S-Curves (Foster, 1987), Technological Trajectories (Dosi 1982), 

Sustaining and Disruptive Technologies (Christensen 2011), or Diffusion of Innovations 

(Rogers, 2003).  

As the investigation focused on disruption or paradigm changes, the economics view is 

Schumpeterian (2012) in that larger disruptions in economies are linked not only to the 

technology or economy but also to politics and society at large. The basic elements of 

the factors of production are labor, raw materials, and capital. Knowledge labor is in 

key role in digitalization, which has strong links to knowledge-based value creation, 

which is illustrated by concepts such as Outcome Economy (World Economic Forum 
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2015). Capital and perhaps the more risk-seeking Venture Capital are expected to play 

roles in the development.  

The catalyst in Schumpeterian (2008) disruption (Creative Destruction) is the entrepre-

neur. In this dissertation, they are represented by the individual firm. A major way for a 

firm to cause disruption is related to innovation, which is often referred to as radical 

innovation in disruption. The intent, direction, plans, and resources of innovation are 

based on strategies of firms. Strategy formation was reviewed based on the 10 schools 

of strategies in the classification system developed by Minzberg et al. (1998). The plat-

form is a new element that has emerged in the digital era in economics and strategy 

formation. Platforms are also closely linked to Open Innovation and Crowds, which 

were included in the discussion of network economy.  Five Forces (Porter, 1979) is 

very value chain based and Crowds or networks are not conceptually included. 

Firms are key players in B2B business. The strategy formation and decisions regarding 

resources are made by management. The decisions are influenced by collected beliefs, 

such as Industry Recipes (Spender, 1989), Dominant Logic (Prahalad and Bettis, 1986), 

and the governance and culture or individual beliefs that have an impact on manage-

ment cognition, which include Bounded Rationality (Simon, 1991), Prospect Theory 

(Kahneman and Tversky, 1979), and values. Implementation is likely to be affected by 

the same beliefs as well as factors such as leadership style and capabilities, which 

include Absorptive Capacity (Cohen and Levinthal, 1990) and Dynamic Capabilities 

(Teece, 2007). 

Digitalization is a systemic phenomenon, and its ability to enable disruption is likely to 

vary based on different theories of economics or strategic management. In addition, the 

disruption potential of individual digital concepts varies. Digitalization concepts were 

reviewed based on current literature and practices with the assumption that they can 

potentially cause disruption within the limits of the research question. 

The theory discussion, whether it is linked to economics, industry evolution, strategy 

formation, or individual technologies, examined elements that drive progress as well as 

elements that inhibit progress. The balance of these forces has an impact on speed 

and direction. The forces are easier to analyze individually; however, larger impacts are 

most likely due to the systemic impact of the forces as a whole.  

The summary of this literature review is illustrated in Figure 11. All potential drivers in 

the yellow section include sub-drivers that can work as inhibitors or accelerators. They 
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veal their identities. The interviewees would most likely have approved recording, but 

they would also most likely have filtered their views. Interesting views of potential dis-

ruption do not necessarily align e.g. with the current agenda of the firm, and recording 

was not done even if some details were missed in the written notes. Harvey (2011) 

concluded that this is a tradeoff that the researcher must choose for interviews when 

trust is of utmost importance. Walsham (2006) argued that recording has a disad-

vantage in that the interview might be less open or truthful. This would increase the risk 

of favoring arguments that are better suited to the organization of the respondent. The 

outcomes of the interviews included documented views on the disruptiveness of pre-

sented drivers and suggested sub-drivers. 

3.3.2 Delphi round two 

The objective of the second interview round was to rank the selected drivers, and the 

three most important sub-drivers that either accelerate or inhibit drivers. The suggested 

sub-drivers were derived from the literature and Delphi round one. The experts were 

permitted to present new sub-drivers as well. When a new sub-driver emerged, that 

sub-driver was available for the next interview. The pattern of the emergence of new 

sub-drivers and their order of rank provided additional data on the consensus patterns 

in the value chain. Delphi round two also included an open portion in which the experts 

could either elaborate on their rankings and suggestions of new sub-drivers or express 

their views of the research question regarding whether digitalization is disruptive for the 

machine-building industry, which part of value creation is mostly impacted, or which 

mechanisms cause disruption. 

The selection of the population was done based on the same principles as described in 

Delphi round one with two exceptions. The size of the population was expanded to four 

experts in each of the cells to enrich both international coverage as well as the cover-

age of the firms and universities. Some of the experts were the same as in round one. 

The second difference was that the users were only from ports and terminals. For uni-

versities, this implies that the experts had researched transportation or logistics. This 

increased the focus on the research question. The interviews were not recorded based 

on the same reasons as the round one Delphi interviews.  

For the structured questions, either VAS (Visual Analogue Scales) or Likert scales 

could have been used. The motivation to use order ranking was to encourage experts 

to think critically. The use of a Likert scale could generate average ratings, which would 

yield similar values for several of the drivers and sub-drivers. This result could have 
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been avoided by eliminating the midpoint of the Likert scale, which according to Gar-

land (1991) is effective for socially unacceptable answers. Fabbris (2013) showed that 

the mental effort further increases during order ranking than rating, which suggests that 

for order ranking, the choices should be below 10. The procedure can be simplified by 

concentrating first on the highest and lowest. For the drivers, this was achieved by 

ranking only six digital technologies and seven economic/ strategic management driv-

ers. The selection of only the 3+3 most important drivers for the sub-driver ranking was 

partly done to simplify the mental effort, as Fabbris (2013) argued. The second reason 

was to maximize the interview time so that issues that the expert judged to be most 

relevant to the research question could also be discussed.  

The experts were told that the logic of disruption is based on the Schumpeterian (2012) 

concept, which was reduced to the PEST model from which drivers were derived from 

digitalization (technology in PEST), economic/strategic management (Economy in 

PEST) literature, and Delphi round one interviews. Political and social factors were 

present (if deemed applicable) in the sub-drivers that either accelerated or inhibited the 

digital or economic/ strategic management drivers.  

The process for the structured part of Delphi round two was as follows: 

1. Briefing 

2. Order ranking of technology drivers 

3. Order ranking of economic/strategic management drivers  

4. Technology (digitalization concepts) driver number one 

a. Suggestion of new inhibiting sub-drivers 

b. Order ranking (1,2,3) of the inhibiting sub-drivers 

c. Suggestion of new acceleration sub-drivers 

d. Order ranking (1,2,3) of the accelerating sub-drivers 

5. Economic / strategic management driver number one  

a. Suggestion of new inhibiting sub-drivers 

b. Order ranking (1,2,3) of the inhibiting sub-drivers 

c. Suggestion of new acceleration sub-drivers 

d. Order ranking (1,2,3) of the accelerating sub-drivers 

6. Repeating the same process as no. 2 and 3 technology and economic /strategic 

management drivers 

 

7. Free comments 
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Figure 13. Ship size development in TEU's (Drewry Maritime Research, 2014) 

 

Electrification is one technology trend that relates to the endeavor to reduce fossil fuels. 

It makes the local emissions insignificant, but the systemic impact is dependent on how 

the primary electricity is produced (e.g., oil, gas, coal, solar, wind). Electricity also of-

fers potential to harvest the waste energy when lowering a container or braking mobile 

equipment, for example, when the waste energy can be stored into the batteries, simi-

lar to the process in hybrid passenger cars. Passenger cars, in fact, are the primary 

industry where heavier batteries are currently researched and developed. Local emis-

sions are also important, as the ports are close to urban areas. Technologies that ena-

ble automation are driven in some parts of the world by labor shortages, in other areas 

by the cost of labor, and in some applications by safety; these drivers also exist at the 

ports. The first unmanned terminal was opened in Port of Rotterdam by European Con-

tainer Terminals (ECT) in 199326. Since 1993, the number of automated terminals in-

creased from one to 26 in 2013, and at that time there were plans for an additional 30 

unmanned terminals, which indicates that the market is breaking (Schäfer, 2014). The 

ship loading and unloading is still done by the operators, however. Smarter machines 

are present in the ports, but the situation is no different than in mining, construction, 

agriculture, or forestry sectors. The machine components have embedded software 

and sensors, and the machines can harvest the data for the purpose of internal control 

and optimization; they can also communicate externally, either locally or over the Inter-
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net. ICT technology is embedded in components, machines, fleets, and system levels, 

as well as within the processes of the firms that build the machines. 

It is important to recognize that shipping has always been, and is likely to remain, fun-

damentally a commodity business (Lorange, 2009). This implies that despite the choic-

es of specialized strategy, there is a prerequisite of cost competitiveness in products, 

services, and internal operations for the actors participating in shipping. It is fair to as-

sume that many of the old recipes of continuous improvement still work. Digitalization is 

also a current topic in shipping, and the recent McKinsey and Company research report 

argued that digitalization is not only enabling better, safer, and simpler processes in 

shipping, but also reducing significantly costs in all phases (Hausmann et al., 2015). 

 Results from the Delphi interviews 4.2

The first Delphi interview round took place between October 20, 2014 and February 12, 

2015 (comprising 92% of the interviews), and the second round interviews were con-

ducted between October 19, 2015 and December 21, 2015 (comprising 95% of the 

interviews). The combined number of interviews was 60, from which 54 were face-to-

face; and six interviews were online. Interviews lasted between one and three hours, 

with more than 80% lasting around two hours (the time predicted when agreeing to the 

interviews). The two-hour time was based on three test interviews conducted prior to 

the actual interview rounds. The list of participants of both Delphi rounds one and two 

are located in Appendix 4, and after each panelist there is a reference in which value 

chain perspective he or she was interviewed (E= Enabler, A=Actor and U=User). This 

was important as some of the panelists had been working during their career in more 

than one value chain area. 

A general observation from the interviews was that expert behavior differed depending 

on the role of expertise on the future (Kuusi, 1999). Decision-maker interviews were 

clearly shorter than those of the scientists. Decision-makers expressed quite often the 

logic of uncertainty, but at the same time the need to make decisions based on what is 

likely to happen despite imperfect information. Scientists, independent of their location 

in the value chain, took longer than decision-makers to form their views on specific 

drivers or sub-drivers, despite the fact that their actual knowledge often was deeper 

than the knowledge of their decision-maker counterparts for that specific driver. Most of 

the scientists, however, offered valuable input to the research methodology even when 
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 Inertia sub-driver Accelerator sub-driver 

AM / 3D 

printing 

Limited size of the object  

Slow printing speed 

Low # of printable materials  

High investment cost  

Lack of competences 

Management beliefs 

Investment in current infrastructure 

Digital distribution (e.g. spares) 

Manufacturing recipe as IPR 

Unique mass production  

Sustainability 

Manufacturing close to usage  

New product features 

Big Data / AI 
Lack of relevant history data 

Data security risks  

Data ownership confusion 

Data ownership conflict of interest                                       

Management beliefs  

Lack of competences 

Privacy concerns 

Reduce of human errors 

Knowledge scalability 

Diagnose speed 

Prescriptive potential 

Core element in digital B2B business models 

Emergence of platform tools 

Advancement in cognitive computing  

Users open their data 

Cloud com-

puting 

Data security risks 

Investment in legacy systems  

Lack of competences 

 

Enabler for new business models 

Quantum leap in operational productivity  

Emergence of platform solutions 

Low cost of computing  

High supply of partners 

Lower barrier of computing 

Internet of 

Things 

Data security risks 

Lack of standardization 

Lack of systemic understanding 

Lack of competencies  

Non sensored Installed fleet 

Cost of data transmission 

Availability of data transmission 

Management beliefs 

Systemic productivity  

New source of customer insight 

Emerging platforms 

Digital entrants to equipment business                               

Inceptive to crowd   

Enabler of new business models 

MBSE 
Incompatible legacy systems 

Legacy processes  

Lack of competencies 

Management beliefs 

Reduced # of errors in development                                       

Short development time 

Low development cost  

Enabler of crowd knowledge  

Enabler of customer engagement in develop-

ment 

Robotization 
Legislation lagging behind 

High capital cost 

Lack of infrastructure 

Social disruption 

Technological risks 

High switching cost 

Manned design paradigm 

Systemic productivity 

Low wear, tear and collision costs 

Good LCC predictability 

High safety 

Sustainability 

Compensation of labor shortage (incl. labor 

unrest) 

Table 6. Results from Delphi round one, technological drivers 
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Inertia sub-driver 

 

Accelerator sub-driver 

Industry con-

vergence 

Industry organs  

Industry beliefs,  strong dominant logic 

Cultural barriers 

Industry specific financial KPIs                                

Platform supply 

Management rotation 

Business model diffusion 

General digital technologies 

Consumer business behavior into B2B  

Radical inno-

vation 

Legacy competences 

Legacy processes and systems 

Legacy leadership and management 

Return on continuous improvement 

Risk adverse business culture 

Conservative industry 

Lack of absorptive capacity 

Software intensity 

Access to crowd knowledge  

Experiment culture 

Influential Early Adopters  

New level of customer insight  

Powerful development tools 

Digital    busi-

ness  models 

Data security risks 

Data ownership confusion 

Fixed legacy systems and processes 

Lack of dominant theory 

Incumbents active resistance 

Lack of trust in virtual environments 

 High barrier industry 

Quantum leap in productivity 

Real time opportunity 

Asset light 

Influential Early Adopters 

Slow growth of existing business 

Startup emergence 

 

Networks, 

Crowds,  

Platforms 

Lack of capabilities 

Management beliefs 

Lack of systems and processes  

Lack of trust in virtual environments 

Conflict in IPR 

Platform availability (discipline) 

Unrestricted  capacity  

Fixed cost light  

Startup emergence 

Diginatives to firms 

Open source hardware 

Self-fulfillment motives of knowledge workers  

Crowd intelligence effect 

Firm, Strate-

gy, Manage-

ment 

Strong Industry beliefs 

Next quarter pressure 

Leadership from the past 

Well established dominant logic 

Complex organizations 

Hierarchical organizations 

Incrementalism 

Bandwagon, Hype, Halo  

Management consulting focus 

Slow growth of traditional business 

Management rotation 

Emerging digital strategy frameworks 

Experiment culture 

Degree of external engagement 

Risk capital 
Missing financial track record  

Inexperienced management   

Impatience 

Crowdfunding 

Asset light 

High upside  

Low interest rates 

Success stories 

Table 7. Results from Delphi round one, economic / strategic management drivers 
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4.2.2 Second Delhi interview round 

The number of panelists increased from 24 to 36 from the first Delphi round. They rep-

resented the 3x3 background matrix evenly, which meant that each role/value chain 

cell contained four panelists. Five panelists from round 1 were also interviewed at the 

second round. The second round was represented by nine different universities or re-

search institutes and 22 companies, of which 19 were in global business. Two compa-

nies and three universities had more than one panelist, but not from the same cell in 

the matrix. Panelists came from 11 different countries, and 60% were not Finns.  

The first objective of the Delphi interview round two was to rank order technological 

and economic/strategic management drivers from the Delphi round one. The second 

objective was to find possible new inhibiting and accelerating sub-drivers, and then 

rank order the three most important ones. The third objective was to detect differences 

on views on the drivers and sub-drivers between enablers, actors and users. As a last 

analysis there is a grouping of the same kind of sub-drivers that are either inhibiting or 

accelerating technological or economic / strategic management drivers as whole. 

  

4.2.2.1 Technological drivers 

The results of the order ranking of the technological drivers appear in the table 8.  

Driver Number 1 

rankings 

Average 

ranking 

Variance 

Big Data / AI 18 1,9 1,3 

IoT 9 2,4 1,6 

MBSE 5 3,9 3,0 

Robotization 2 3,7 2,3 

AM / 3D printing 2 4,2 1,7 

Cloud computing 0 4,9 1,7 

Table 8. Rank order of the technological drivers in Delphi round two 
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Inter-

view 

Sub-driver Driver I A 1 2 3 

1 

1 

2 

5 

5 

6 

7 

8 

9 

11 

11 

11 

12 

13 

13 

13 

13 

14 

16 

16 

16 

17 

18 

19 

20 

21 

21 

22 

29 

30 

High product cost 

Platform tools 

Logistics companies start printing 

Ethical considerations 

Market for intelligent data missing 

Advancement in 3D technology 

Legislation lagging behind 

Lack of systemic understanding 

Systemic productivity 

Industry beliefs 

Lack of business model change 

Drives collaboration 

Legacy  knowledge in systems 

Lack of use cases 

Cost of technology 

Hype (unrealized) 

Safety 

Market for intelligent data emerging 

Deployment risk 

Lack of standardization 

Delivery capabilities 

Lower cost of analytics 

Lack of competence 

Power of visualization 

Advancement in user experience 

Silo organizations 

Data ownership conflict of  interest 

Real time knowledge 

Used cases 

Technology becoming mature 

AM / 3D 

MBSE 

AM / 3D 

Big Data/ AI 

Big Data/ AI 

AM / 3D 

IoT 

MBSE 

MBSE 

Big Data/ AI 

Cloud 

Cloud 

Cloud 

IoT 

IoT 

Big Data/ AI 

Big Data/ AI 

Big Data/ AI 

Robotization 

Robotization 

Robotization 

Big Data/ AI 

Robotization 

MBSE 

IoT 

MBSE 

IoT 
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Big Data/ AI 
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Table 9. New technological sub-drivers from the Delphi round two 

Sub-driver analysis is done for the top three drivers from Table 8 by presenting first the 

three most important inhibitive and accelerative sub-drivers based on the view of the 

panel as whole. The ranking of sub-drivers was done by giving three points to each 

sub-driver that was ranked as number 1, two points for number 2 ranking, and one 
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and exception handling is managed by a human operator. One panelist, however, 

pointed out that mixing manned and unmanned operations creates new types of securi-

ty risks. The remaining comments were related to changing industrial job profiles, from 

field to office. 

Interrelated technological sub-drivers 

The last analysis was trying to detect sub-drivers that impact to several technologies. 

This is achieved by three steps: first counting points of the exact same sub-drivers 

(such as data security), then analyzing whether there are easily available a more ge-

neric grouping where more than one sub-driver can be combined; low # of printable 

material in AM and technological risks in Robotization can be categorized technical 

barrier as an inhibitive sub-driver. The final step was counting the points based on the 

new grouping. The new aggregated technology related sub-drivers can be seen in the 

Figure 17 in rank order; eight aggregated sub-drivers constituted 92% of the inhibitive 

sub-drivers and 91 % of the accelerative sub-drivers. The summary of the results of 

technological drivers is shown in Figure 18. 

 

Figure 17. Top eight aggregate technological sub-drivers 
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Big Data/AI Management/Industry beliefs  Prescriptive potential  

  

  
E A U Data (security, confusion, owner-

ship) 

 Knowledge scalability  

  

  

 Competence  Users opening their data  

  

  

IoT Lack of systemic understanding 

and competence 

 Enabler of new business models  

  

  
E A U Management beliefs  Systemic productivity  

  

  

 Standardization  New source of customer insight  

  

  

MBSE Lack of systemic understanding 

and competence 

 Productivity (including lead 

times) 

 

  

  
E A U Legacy processes  Enabler of external knowledge  

  

  

 Management beliefs  Power of visualization  

  

  

 

 

 

 

 

Figure 18. Summary of the technology drivers by the value chain 

 

Note: The colors represent consensus. Green means consensus with the value chain mem-

bers who have green color. If one of the three disagrees, red means that the one who disa-

grees has stronger support from the green ones and weaker support from the yellow ones. In 

the driver section, E = Enabler, A = Actor, and U=User. With sub-drivers, the logic is that the 

bottom square is Enabler, the middle square is Actor, and the upper square is User. The 

inhibitive sub-drivers are located in the left column and the accelerative sub-drivers in the 

right column. 
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4.2.2.2 Economic / strategic management drivers 

The results related to economic / strategic management drivers have been analyzed 

with the same procedure as the results related to technological drivers. They are also 

presented the same way as the technological drivers in the previous sub-chapter. 

Therefore, the procedures of the analyses, or instructions how to read the results are 

not repeated in this sub-chapter. The results of the order ranking of the economic / 

strategic management drivers appear in the table 10 representing the rankings of the 

panel as whole. 

Driver Number 

1 rank-

ings 

Average 

ranking 

Variance 

Networks, Crowds, Platforms 13 2,2 1,4 

Convergence 9 3,8 4,4 

Radical Innovation 7 3,8 3,3 

Digital Business Models 4 2,7 1,4 

Firm, Strategy, Management 2 4,1 1,7 

Six Forces 1 5,2 2,7 

Risk Capital 0 6,4 1,5 

Table 10. Rank order of the economic / strategic management drivers in Delphi round two 

 

Figure 19 presents results visually so the order ranking of each of the nine cells can be 

seen separately.  
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Interrelated economic/ strategic management sub-drivers 

All the economic /strategic management disruption sub-drivers were grouped into re-

lated categories the same way as was done with the technology related sub-drivers. 

The top eight sub-drivers constituted 96% of the inertia (when requiring that the sub-

driver was present in a minimum of two drivers), and 92% of the acceleration. The ag-

gregated sub-drivers can be seen in Figure 21.  The concentration pattern is weaker 

than with technological sub-drivers. There are also similarities in technological sub-

drivers and economic/strategic management sub-drivers. The summary of the results 

of economic/ strategic management drivers is shown in Figure 22. 

 

 

Figure 21. Top eight aggregate economic / strategic management sub-drivers 
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Networks, Crowds, 

Platforms 

Management beliefs  Emergence of Platforms  

  

  

E A U Lack of capabilities  Cost benefits (productivity, 

capital) 

 

  

  

 Systems and processes  Crowd intelligence effect  

  

  

Digital Business 

Models 

Industry barriers  Cost benefits (productivity, 

capital) 

 

  

  

E A U Legacy systems and process-

es 

 Influential early adaptors  

  

  

 Data (security, ownership)  Slow growth of existing busi-

ness 

 

  

  

Industry Conver-

gence 

Industry beliefs  Business model diffusion  

  

  

E A U Industry-specific financial 

steering 

 Consumer business and be-

havior into B2B 

 

  

  

 Cultural barriers  Generic digital technologies  

  

  

 

 

 

 

 

Figure 22. Summary of the economic / strategic management drivers by the value chain 

 

Note: The colors represent consensus. Green means consensus with the value chain members 

who have green color. If one of the three disagrees, red means that the one who disagrees has 

stronger support from the green ones and weaker support from the yellow ones. In the driver 

section, E = Enabler, A = Actor, and U=User. With sub-drivers, the logic is that the bottom 

square is Enabler, the middle square is Actor, and the upper square is User. The inhibitive sub-

drivers are located in the left column and the accelerative sub-drivers in the right column. 
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After completion, the data was tested with Shapiro-Wilk test and the results (see Ap-

pendix 5) indicate that the data does not follow a normal distribution. Table 12 reveals 

that sub-populations differ from each other, and balancing is required in order to in-

crease the generalization of the results. The value chain is expected to be the main 

explanation for the results, and the sample sizes by the value chain vary from 53 to 150. 

The scientist sub-populations are so small, even before splitting them based on the 

investment behavior, that they are dropped away when analyzing differences in the 

value chain with the balanced data. Those samples are not lost, however, as some of 

the analysis is done by using the whole population. Leaving out scientists leaves 18 

sub-populations for balancing, which results in 278 answers when counting the two 

other roles in value chain (see Table 12). Thereafter, 278 is divided by the number of 

remaining sub-populations (18), which equals to 15.45 - the total weight of the sub-

population. To get the coefficient for an individual sample, the total weight of the sub-

population is divided by the number of samples in the corresponding sub-population. In 

further analysis, selected methods utilize those coefficients (e.g., when calculating 

weighted averages or variances). 

The last phase before analysis is the interaction effect test using the two-way ANOVA; 

the results are enclosed in Appendix 6. The description given by the XLSTAT states 

that adjusted R2 express the proportion of the variability of the dependent variable of 

the model, and takes into account the number of variables used in the model. The first 

goodness of fit is for the whole population (see Appendix 6), and it indicates that the 

probability test is not met with Operations, Big Data, and Open Innovation. However, as 

only 6.9% and 9.5% of the findings in cases of Operations and Big Data can be ex-

plained, a p-value that is marginally over 0.05 is still acceptable.  Open Innovation has 

a clearly higher p-value (0.142), but it also has a low explanation power by variance 

(8.3 %). The other test (Type III SS) explains how much the combinations of individual 

background factors (e.g., place in value chain, role, and investment) can explain vari-

ance in the dependent variable. The test analyzes this with both the combination of two 

background factors and with all three.  The empty cells indicate that the interactions of 

the background variables have 0% chance of explaining the values of the dependent 

factor. Type III SS test is recommended if there is an assumption of interaction.  The 

interpretation by the tool instructions is that lower p-value indicates that the factor has a 

larger contribution in the model explaining the variance by the variable examined. The 

results suggest that the combination of value chain, role, and investment together 

might have interaction in the cases of Big Data, Industrial Internet, and MBSE, but as 

the variance can only explain less than 14% of those variables, it cannot be concluded. 
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definition is already ongoing. Precision farming is close to the concept of Outcome 

Economy (World Economic Forum, 2015), and other major actors like Agco27 and John 

Deere28 are active in changing the rules of how value is created in farming. The eco-

system around precision farming is not only driven by technological enablers like Trim-

ble or actors like Agco, Caterpillar, or John Deere, but also by companies like Monsan-

to,29 which comes originally from the agricultural chemicals market, but today is invest-

ing hundreds of millions of dollars into what they call Agriculture 2.0, which based on 

knowledge from agricultural data. 

The data for this description was done by analyzing public sources like the company 

web pages, but the logic of the case description was validated by an industry expert of 

one of the leading actors in precision farming. 

4.4.3 XVELA 

XVELA is an internal company startup of the Oakland, California-based software com-

pany, Navis, which was acquired by the Finnish company Cargotec in 2013. Navis 

supplies software that enables container terminals to run their operations. XVELA is an 

example of an endeavor to build industrial platforms; the development of these plat-

forms came up high in Delphi round two both as an accelerator of Network, Crowds, 

Platforms (Figure 22) as well as a generic accelerator of economic concepts that are 

sensitive for digitalization (Figure 21).  

Navis has been an industry-specific ERP supplier where the value of optimization is 

location-specific (i.e., within the confines of the container terminal). Global shipping, as 

described in sub-chapter 4.1, is relatively simple in physical form, as global trade is 

enabled by goods moving inside of a standardized container. By the same token, how-

ever, the information attached to and enabling the movement of the container and its 

contents is highly complex, and there are many stakeholders in every supply chain 

transaction (e.g., shippers, forwarding agents, shipping lines, customs, terminals, con-

signees, port authorities, and various governmental departments). The emerging logic 

from Delphi round one (Figure 14) was the assumption that many of the disruptive digi-

tal innovations optimize systems at a higher level than actors have been doing. This is 

                                                

27
 http://www.agcocorp.com/precision-farming.html 

28
 https://www.deere.com/en_US/products/equipment/ag_management_solutions 

29
 https://ag2point0.com/tag/monsanto/ 
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4.4.4 Summary of the three case descriptions 

The three case companies all are digital, out-of-industry enablers (from actors point) 

whose solutions add major value compared to the historical productivity improvement 

of the case industry. The key characteristics of the value-adding output, relationship to 

platforms, business models, the use of digital technology, and scalability of the busi-

ness is presented in Table 14, and it will be used as a framework when discussing re-

sults of the two other methodologies in the following chapter.  

 Enevo Trimble XVELA 

Origin (from case 

perspective) 

New business model 

based startup  

GPS technology (origi-

nally startup) 

  

Internal startup of an 

ERP supplier 

Output Cheaper waste per han-

dled ton 

Better crop for a farm Transparent, real-time 

cargo planning data for 

the entire ecosystem 

Platform scope Municipal+ Farm+ Global 

Business model License fee  License fee 

(+consulting) 

Monthly fee and usage 

Digital technology Sensors, wireless data 

transmission, Cloud com-

puting, Big Data /AI, 

Sensors, wireless data 

transmission, Cloud 

computing, Big Data /AI, 

GPS 

Cloud computing, Big 

Data / AI 

Scalability To similar waste systems To similar farming 

methods  

Global transportation 

Impact to actor Reduced growth rate in 

equipment based business  

Reduced growth in 

equipment based busi-

ness 

Chance to leverage 

Reduced growth rate of 

equipment 

Impact to user Reduced cost, opportunity 

to new business models 

Optimized output Better productivity or 

lower cost 

Chance to leverage 

Table 14. Summary of the three case descriptions 
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5 Discussion and conclusions 

The ethos of this dissertation is hermeneutic, and the research question is related to a 

complex systemic phenomenon. The intent of the enquiry has been increasing under-

standing of whether the current value creation of the machine-building industry is going 

to be disrupted by digitalization and, furthermore, if there is a paradigm change, what 

types of technological and economic/ strategic management drivers cause the change. 

The underlying assumption has been that the consensus or disagreement about this 

future development in the value chain impacts the dynamics, and therefore the value 

chain has been a key component in the research design. This systemic complexity of 

the question triggered the use of relatively large number of technological and econom-

ic/strategic management perspectives. It also created a practical limit on how detailed 

the investigation could be without losing the holistic approach which is a critical attrib-

ute of the entire enquiry. The same reason drove the choice of mixed methods, which 

are not only used for triangulation of the results, but also for expanding the breadth that 

the different research methods cover.  Apart from the three short case descriptions, 

expert judgment was at the core of the Delphi interviews as well as the survey.    

The logic of the last chapter is that the discussion section covers the three areas of the 

enquiry: disruptiveness, value chain, and system perspective. In the first two, the find-

ings of all three methods and the underlying theory are utilized. The systemic section is 

based on presenting the key findings in a system dynamic model. The conclusion sec-

tion presents the contribution to industry evolution and strategic management as well 

as to practice. The analyses of reliability and validity of the results is done before end-

ing the dissertation to suggest potential future research avenues. 
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Free comments from the Delphi interviews supported the nature of the disruption in 

business models being close to the view of Outcome Economy (Figure 5) or moving up 

in systems (Figure 14), or the Systems of Systems (Porter & Heppelman, 2014). Busi-

ness model innovation (Osterwalder & Pigneur, 2010) itself can be also a small step; 

the only element of the Business Model Canvas in Figure 9 that opens the door to Out-

come Economy is the value proposition. 

5.1.2 Drivers  

What factors, enabled by digitalization, drive disruption in the machine-building industry 

serving global container handling? 

The empirical input to the question is primarily originating from the results of the Delphi 

interview round two. The role of the survey was triangulation of the drivers. Technologi-

cal drivers were the same as in the Delphi interviews, but economic/ strategic man-

agement drivers were reduced to two and simplified to Industrial Internet and Open 

Innovation. Reduction was based on a judgment that it would have been hard to judge 

seven economic/ strategic management concepts on top of six technological concepts 

in a short time. The selected two were based on literature concepts that have specifi-

cally attached to digital technologies. Both technological and economic/ strategic man-

agement drivers were also present in the cases, but in the discussion those will be only 

observations.  

The logic of discussion is to group drivers as strong, medium, weak, and interrelated 

based on the results from the Delphi round two. Results are presented based on Delphi 

results, but are discussed using the other methods and literature. Part of the discussion 

concerns the sub-drivers that either inhibit or accelerate the impact of the driver. 

Strong drivers 

The results in sub-chapter 4.2.2 were based on rank ordering of the top three techno-

logical and economic/ strategic management drivers. In both categories, the top rank-

ing was clear, and thereafter the consensus decreased. The strongest technological 

driver was Big Data/ Artificial Intelligence and strongest economic/ strategic manage-

ment driver was Networks, Crowds, Platforms. The clear observation is that further 

development in both of these areas is beyond the machine-building industry, let alone 

individual players. That also suggests that some degree of Convergence of Industries 

is ongoing, even though it ranked in the economic drivers. Porter and Heppelman 
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Weak economic drivers of disruption in reverse rank order were: Risk Capital, 6 Forces 

(Five Forces added with stakeholders) and Firm, Strategy, Leadership. The panel had 

very high consensus that Risk Capital does not cause disruption but is a powerful cata-

lyst in the beginning to speed up disruptions. Six Forces was recognized as one of the 

fundamental theories of the industry dynamics as well as a practical tool in portfolio 

development.  It was ranked sixth out of seven, but with higher variance than Risk Cap-

ital. The free comments highlighted its static nature, lack of platform, and eco-systems. 

Firm, Strategy, Management might have been ranked number one if the question 

would have been about innovation-based competitive advantage. Visionary leadership 

and experiment culture like those described by Ries (2011) were perceived to be tools 

to avoid strong industry beliefs or Innovators Dilemma (Christensen, 2011); the same 

way as they were prerequisites for Radical Innovation. 

The relationship between weak drivers and the three cases is that originally the busi-

nesses had been startups, where experiment culture and visionary leadership of the 

firm played important roles in the beginning. 

Interrelated sub-drivers 

Delphi interviews were the only sources for sub-drivers. Inertia sub-drivers indicated 

why panelists do not believe that a technology or economic/strategic management 

concept is disruptive or why disruption is slower than it could be or what specifically 

slows it down. Accelerative sub-drivers did the opposite. Interrelated sub-driver is sub-

driver that has been suggested to explain behavior of more than one driver. The top 

three technological interrelated inertia sub-drivers were: competence/understanding, 

data (security, quality, availability, and ownership), and beliefs (management and in-

dustry). Competence and understanding were related to Absorptive Capacity (Cohen 

and Levinthal, 1990). Data issues are logical and rational issues to be solved, but data 

ownership disputes reflect also a lack of understanding about how different parties cap-

ture the value from more open data-sharing. Various beliefs have already been dis-

cussed as part of theories related to management cognition and behavior. 

Productivity, new insight, and new business models were the three most important 

technological interrelated sub-drivers that accelerate the digital disruption. Productivity 

and new business model are discussed, but insight has not been highlighted yet. In-

sight was discussed in the context of how IoT-based machine, operation, and environ-

ment data creates new engineering insights. Digitalization was also referenced to cre-

ate new insight based on people being connected. 
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Consensus 

Big Data/AI was ranked the top technical driver in the Delphi interview, and tied for the 

top spot in the survey results with IoT. The averages were close with all the value chain 

members, and the variance was low with the exception of users in the survey. This 

result suggests that the machine-building industry serving global container handling is 

becoming data-centric, which enables disruption in the industry.  

Network, Crowds, Platforms had equal position in the economic/strategic management 

drivers. In the Delphi interviews, it was the top economic/strategic management driver, 

with low variance and consensus in the value chain. Open innovation had a slightly 

lower average than Industrial Internet, but it attracted more than twice the number of 

very strong disruption views in the survey. There was a consensus on the position, but 

with higher variance than the other four top rankings. The empirical results and earlier 

literature on platforms (e.g., Cusamo & Gawer, 2002) or innomediaries (Roijakkers et 

al., 2014) suggest that platforms play a critical role in disruption, and they enable the 

power of Big Data/AI, using IoT based data or judgement from humans attached to 

Open Innovation or Crowd concept. 

Internet of Things or connectivity was the second-highest technological driver in the 

Delphi interviews, but it had also low variance and consensus in the value chain. The 

survey judged its importance even slightly higher, with medium variance and medium 

consensus; users rated this slightly lower than enablers and actors. The small differ-

ence with users might explain that users perceive that they might already have some of 

the data by old-fashioned means like maintenance records. The conclusion of IoT, 

however, appears to be that it creates a new type of real-time data that has not been 

available earlier. 

Digital Business Models ranked second in the Delphi interviews; it also had consensus 

for this position and a low variance. In the survey, it was almost ranked first, with a 

consensus in the value chain and low variance apart from the users. The interpretation 

with the users might be that their benefit from Industrial Internet is indirect. It depends 

on how the actor can translate the new data from IoT to knowledge, and how the bene-

fit is divided. The lack of current supply did show in the accelerative sub-driver, Early 

Adopters (Rogers, 2003) with an interpretation that users whose existing purchasing 

patterns had been based on ample supply, faced in the introduction phase the opposite 

problem, and they might fear not having enough alternatives or being locked in the in-

troduction phase of the new business model. The strong consensus on Digital Busi-
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accelerate development. The Delphi round two ranked the six technological drivers 

together with the original two economic drivers and an additional five economic drivers 

that came from the literature and were supported with comments in the Delphi round 

one. New sub-drivers were also added in the Delphi round two, and based on the satu-

ration and pattern their significance was analyzed as if they would have been consid-

ered from the beginning. The survey investigated the object and timing of the potential 

disruption and triangulated the rank order results of the drivers from the Delphi round 

two. The logic of the Delphi and survey methodology was based on the value chain. 

The survey also increased understanding of the preparedness of the value chain mem-

bers for the potential disruption. The third method in the enquiry was analysis of three 

short case descriptions. Their role was to illustrate that there are already ongoing dis-

ruptions whose mechanisms are under investigation. The critical conclusions were also 

illustrated in a heuristic CLD model. 

The conclusions are based on the findings where the three methods have found simi-

larities and consensus. As the survey expanded the methodology, some of its strongest 

findings are also presented as conclusions if they were supported by the literature. The 

conclusions are presented both for their theoretical contributions as well as their rele-

vance to practitioners. In practitioners sub-chapter issues that had disagreement has 

more importance as it might indicate industry specific circumstances. The conclusions 

in chapters 5.2.1 and 5.2.2 are written in italics. 

 

5.2.1 Industry evolution, strategy formation 

Seminal theories within industry dynamics such as Industry Forces (Porter, 1979), S-

Curves (Foster, 1987), Technological Trajectories (Dosi, 1982), Disruptive Technolo-

gies (Bower and Christensen, 1995), and Diffusion of Innovations (Roger, 2003) ex-

plain well how the dynamics work in established industries. Industrial Convergence is a 

prominent area that addresses how mechanisms that are familiar in ICT industry dif-

fuse into other industries and sometimes form new industries.  Business model innova-

tion, used in this dissertation in the context of Digital Business Models, appears to work 

both in industry dynamics and as a factor in industry convergence. 

The conclusions based on the empirical findings suggest the following three attributes 

to explain the potential disruption. 
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4. Diagnostics on understanding the differences on views of business environment 

changes in the value chain can be developed as new kinds of tools for business 

planning. 

 

Many of the earlier practical conclusions have the lack of systemic understanding as 

one of the root causes and therefore the fifth practical conclusion is: 

 

5. System thinking or CLD as a specific tool has a lot to offer in strategy formation 

in machine-building, where it normally is only applied in control systems engi-

neering. 

 Validity and reliability 5.3

This dissertation has used mixed methods that have been applied conceptually as 

seen in Figure 12. All three methods have different issues in their validity and reliability, 

and they will be reviewed separately. The Delphi interviews and case descriptions are 

grouped under qualitative methods and the survey under quantitative methods. Validity 

and reliability will be concluded by considering the use of three separate methods as 

one mixed method at the end. 

Qualitative methods 

Both validity and reliability are originally concepts of positivistic worldview and have an 

assumption that a hypothesis can be verified, and the result is not depending on the 

researcher (Guba & Lincoln, 1994). In the Delphi interviews, there was an interaction 

between the researcher and experts, which implies that the results may differ if the 

investigation would have been done by another researcher.  

To mitigate this inherent issue between positivism and hermeneutics, several ap-

proaches have been developed. Lincoln and Guba (1985) constructed a concept of 

trustworthiness that included Credibility (Is the right thing investigated?), Transferability 

(Is right also right in other contexts?), Dependability (In what conditions are findings 

consistent?), and Confirmability (How neutral are the results from the researcher?). 

Stenbacka (2001) argued that reliability in the traditional sense does not apply in quali-

tative research, but the quality can be judged by validity, generalizability, and careful-

ness as a whole. This requires that informants are correctly chosen, they are able to 
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express their knowledge, and there is a systematic and careful description of the pro-

cess. 

The sample strategies have been described previously and the research design and 

process descriptions have been integral parts of the methodology in Chapter 3. How-

ever, there are specific quality issues related to the Delphi technique and case studies. 

Linstone (2002) summarized the quality issues in eight pitfalls of the Delphi methodolo-

gy, which framework is used below to judge the quality concerns. 

1. Discounting the Future 

This implies overweighting the short term, an issue also discussed in the management 

cognition. The main mitigation for the issue was the design of how panelists were cho-

sen (i.e., three different roles of future) (Kuusi, 1999). It is fair to argue that all three 

groups have to deal with the long term, but at least one can assume that scientists are 

familiar with the speed at which technology progresses. 

2. The Prediction Urge 

 

Humans dislike uncertainty, which leads to prediction even when the expert does not 

possess the knowledge on which the judgment should be based. The design of the 

dissertation was not trying to achieve a force consensus, thereby easing part of the 

pressure and urge to predict. The other quality measure was that order ranking the 

disruptive drivers was not possible without argument of inhibitive or accelerative factors 

(sub-drivers). That philosophy was derived from the Argumentative Delphi from Kuusi 

(1999), but it also served as an indication of expertise. 

 

3. The Simplification Urge 

The trap, according to Linstone (2002), is when a reductionist approach is applied to 

social/behavioral systems in order to get more simple explanations. This enquiry was 

about a complex, systemic phenomenon. Therefore, the PEST approach (Aguilar, 1967) 

was used in order to take both technological and economic factors into consideration. 

Participants were also using societal and political factors when they judged the devel-

opment of inhibitive or accelerative sub-drivers. The second way to avoid simplification 

was the use of free comments in the enquiry. It also served the purpose of acknowl-

edging that the panelists could have views that are not captured by the research design. 

The third element of avoiding oversimplification was the construction of the CLD model. 
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7. Overselling 

There are a few traps included in the overselling, over-usage of the method for the 

same question (the same panelists), anonymity, forced consensus, or hidden agendas. 

The researcher was not aware that any of the panelists had previously participated in a 

Delphi panel that was investigating the same research problem. Also, as referenced 

earlier, there was no forced consensus in the process. Anonymity was maintained dur-

ing the interviews, but the participants were aware of what type of companies or uni-

versities were in the panel and what types of experts the other panelists were. The hid-

den agenda suggests that there would be a vested interest either by the panelist or the 

Delphi manager to get a certain type of result. This issue most probably was most 

problematic with enablers, as they were also suppliers to actors and enablers. However, 

their coverage in digital technologies was not based on a single technology such as 3D 

printing, and therefore it is fair to assume that they did not push any particular conclu-

sion to be formed. For the researcher, the intent was the right answer, as false but 

pleasant results would logically not lead to a useful strategy for the background organi-

zation of the researcher. 

8. Deception 

Deception is related both to manipulation and integrity. Manipulation can be regarded 

as the more severe form of hidden agenda that was reviewed in the previous para-

graph. A researcher cannot objectively judge his or her own honesty apart from the 

logic that there is no motive to promote a specific picture of future development other 

than being as truthful as possible. 

As described in the motivation (sub-chapter 1.1) the Delphi manager is himself a ma-

chine-builder and consequently has a dual role as a researcher and stakeholder. From 

validity perspective this poses an objectivity issue for Information Policy (Kuusi 1999) of 

the interviewees and for interpreting the results by the Delphi manager. The magnitude 

of drivers, sub-drivers, their abstraction level, industry level perspective and time hori-

zon that is beyond ordinary business transactions most likely has mitigated partly the 

issue of objectivity. 

Case descriptions 

The case descriptions were brief and not strong enough to form an individual research 

method. Their application was to describe, from adjacent industries, examples that 

possess disruptive features of digitalization according to the literature. Cases were tak-
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together with inhibitive and accelerative sub-drivers that impacted future development. 

This was triangulated with a survey. An interesting alternative would be developing the 

methodology into online Delphi, where those two methods would be merged. That 

would require special attention to user interface in order to motivate the panelists. That 

could also incorporate use of visual illustrations (Adelson & Aroni, 2002) to decrease 

the variance in understanding the arguments. Pre-programmed analytics could further 

enable instant feedback to the panel, maybe even shown as a system dynamic model. 

The use of scenarios based on the Delphi findings as suggested by Mannermaa (1999) 

or applying the futures Map (Kuusi et al. 2015) could be methodologically also an inter-

esting direction to continue the research. One of the most suitable technologies as a 

research object is Additive Manufacturing / 3D printing as it got quite polarized re-

sponses, and also got several suggestions of being a wild card or Black Swan. 

The last set of research possibilities centers around management. If the conclusions 

are correct, what does it imply in day-to-day strategic management? Does the firm truly 

have a chance to disrupt the industry, or is the development such that it is beyond the 

incumbents of traditional industries? Even so, based on the findings of this research, 

business model innovation and experimental culture are advantageous in achieving 

quantum leaps in competiveness.  Also, a practical checklist of choices, like the one 

Porter and Heppelman (2014) suggest, are useful, and one could study the conditions 

that impact how to make those choices.   

If the assumption in the beginning of this dissertation is true -that the ability to trans-

form any kind of data, observations, events and so on to a digital form, by processing it, 

storing it, and sharing it, economically, globally, and in real time -has the same kind of 

systemic characteristics as the invention of writing or printing, the theme will stay a rich 

source of further research for years to come.   
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Appendix 3. Survey form 
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Mr. Edmond Leung, CIO & Head of Operations Development and Technology, 
Hutchison Port Holdings; (U) 

Dr. Raymond E. Levitt, Kumagai Professor of Engineering, Stanford University; (U) 
Mr. Perttu Louhiluoto, President, Services, Metso Corporation; (A) 

Mr. Harri Luuppala, Co-founder, Open Invest (former Senior Vice President, Tieto Cor-
poration); (U) 

Mr. Anthony Marshall, Research Director and Strategy Leader, IBM Institute for Busi-
ness Value; (E) 

Professor Jeff Martin, Chung-Ang University; (U) 

Mr. Brendan McDonnell, General Manager, Technology & Engineering, Patrick; (U) 

Professor Lasse Mitronen, Aalto University; (U) 

Professor Martti Mäntylä, Aalto University; (E) 

Professor Jorma Mäntynen, Tampere University of Technology; (U) 

Mr. Daniel Navarro, Google for Entrepreneurs; (E) 

Vuorineuvos Dr. Kari Neilimo, Director of EMBA program of University of Tampere and 
Tampere University of Technology (former CEO and Chairman of S Group); (U) 

Dr. Markus Nordberg, Head of IdeaSquare, CERN; (A) 

Mr. Oh Bee Lock, Head of Group Technology (former COO, Singapore Terminals), 
PSA; (U)  

Dr. Tero Ojanperä, Co-founder, Vision+ (former CTO, Nokia); (E) 

Mr. Jari Rautjärvi, Managing Director, Valtra Inc.; (A) 

Dr. Petri Rouvinen, CEO, Etlatieto Oy; (A) 

Mr. Patrick Scaglia, Co-founder CITRIS Foundry accelerator (former CTO, Hewlett-
Packard); (E) 

Professor Emeritus Reijo Tuokko, Tampere University of Technology; (A) 

Mr. Jan Waas, Director, Technology and Engineering, ECT; (U) 

Mr. Bill Walsh, President and CEO, Navis; (E) 

Professor Matti Vilkko, Tampere University of Technology; (A) 

Professor Kim Wikström, Åbo Akademi; (U) 

Professor Emeritus John Zysman, UC Berkeley; (E) 

 

 

Four panelists opted to stay anonymous: 1 Research director from a European re-
search institute (E), 1 Professor from a German university (A), 1 Executive from a 
German machine builder (A) and 1 Executive from Nordic based process industry (U). 
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Appendix 5. Results from Shapiro-Wilk test 

 

 

Whole population

Impact Business

Products Service Operations models

p-value < 0,0001 < 0,0001 < 0,0001 < 0,0001

alpha 0,05 0,05 0,05 0,05

Normal No No No No

Technologies 3D Big Data Cloud IoT II MBSE OI Robotics

p-value < 0,0001 < 0,0001 < 0,0001 < 0,0001 0,000 < 0,0001 < 0,0001 < 0,0001

alpha 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05

Normal No No No No No No No No

By value chain

Impact Business

Enabler Products Service Operations models

p-value 0,000 < 0,0001 < 0,0001 0,000

alpha 0,05 0,05 0,05 0,05

Normal No No No No

Business

Actor Products Service Operations models

p-value < 0,0001 < 0,0001 < 0,0001 < 0,0001

alpha 0,05 0,05 0,05 0,05

Normal No No No No

Business

User Products Service Operations models

p-value 0,006 0,006 0,029 0,000

alpha 0,05 0,05 0,05 0,05

Normal No No No No

Technologies Enabler 3D Big Data Cloud IoT II MBSE OI Robotics

p-value < 0,0001 < 0,0001 < 0,0001 0,001 0,000 < 0,0001 < 0,0001 0,000

alpha 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05

Normal No No No No No No No No

Actor 3D Big Data Cloud IoT II MBSE OI Robotics

p-value < 0,0001 < 0,0001 < 0,0001 < 0,0001 < 0,0001 < 0,0001 < 0,0001 < 0,0001

alpha 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05

Normal No No No No No No No No

User 3D Big Data Cloud IoT II MBSE OI Robotics

p-value 0,001 0,005 0,001 0,050 0,010 0,010 < 0,0001 0,000

alpha 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05

Normal No No No No No No No No

Test interpretation: H0: The variable from which the sample was extracted follows a Normal distribution.

Ha: The variable from which the sample was extracted does not follow a Normal distribution.

As the computed p-value is lower than the significance level alpha=0,05, one should reject the

null hypothesis H0, and accept the alternative hypothesis Ha.

The risk to reject the null hypothesis H0 while it is true is lower than 0,01%.
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Appendix 6. Interaction effect test 
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Appendix 7. Disruption impact by whole population, unbalanced data 
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Appendix 8. Disruption impact by value chain, balanced data 
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Appendix 9.Disruptiveness of individual technologies or concepts by value chain,         
balanced data 

 



 

 

229 

 

 

 



 

 

230 

 

Appendix 10. Correlation matrix (Kendall) with whole population 

 

 

 

 

Balanced data 
           

              

  Impact Technologies 

  

 
Variables Products Service Operations Business models 3D Big Data Cloud IoT II MBSE OI Robotics 

Im
p

ac
t 

Products x - - - - - - - - - - - 

Service 0,39 x - - - - - - - - - - 

Operations 0,13 0,19 x - - - - - - - - - 

Business models 0,26 0,28 0,22 x - - - - - - - - 

Te
ch

n
o

lo
gi

es
 

3D 0,11 0,04 0,10 0,04 x - - - - - - - 

Big Data 0,23 0,33 0,26 0,27 -0,04 x - - - - - - 

Cloud 0,24 0,20 0,16 0,22 -0,12 0,26 x - - - - - 

IoT 0,22 0,25 0,18 0,21 -0,08 0,32 0,29 x - - - - 

II 0,18 0,23 0,11 0,27 -0,08 0,26 0,21 0,44 x - - - 

MBSE 0,00 0,04 0,07 -0,04 0,14 0,06 -0,10 0,03 0,13 x - - 

OI 0,24 0,25 0,07 0,15 0,11 0,18 0,21 0,11 0,13 0,03 x - 

Robotics 0,13 0,05 0,13 0,04 0,18 0,09 0,02 0,05 -0,05 0,05 0,18 x 

 
Values in bold are different from 0 with a significance level alpha=0,05 

        

              

 
Code  Coefficient 

          

 
   0,2 - 0.29    Low correlation 

         

 
   0,3 - 0,39    Medium correlation 

         

 
            > 0,4    High correlation 

          

Unbalanced data 
          

              

  
Impact Technologies 

  

 
Variables Products Service Operations Business models 3D Big Data Cloud IoT II MBSE OI Robotics 

Im
p

ac
t Products x - - - - - - - - - - - 

Service 0,28 x - - - - - - - - - - 

Operations 0,13 0,25 x - - - - - - - - - 

Business models 0,19 0,26 0,20 x - - - - - - - - 

Te
ch

n
o

lo
gi

es
 

3D 0,11 0,07 0,16 0,04 x - - - - - - - 

Big Data 0,20 0,30 0,15 0,17 -0,06 x - - - - - - 

Cloud 0,15 0,18 0,10 0,13 -0,09 0,30 x - - - - - 

IoT 0,16 0,23 0,12 0,19 -0,01 0,25 0,27 x - - - - 

II 0,19 0,24 0,16 0,29 0,02 0,29 0,19 0,48 x - - - 

MBSE 0,12 0,08 0,09 0,00 0,11 0,09 0,04 0,06 0,10 x - - 

OI 0,22 0,21 0,12 0,19 0,15 0,16 0,11 0,09 0,08 0,14 x - 

Robotics 0,17 0,12 0,08 0,08 0,20 0,05 0,07 0,10 0,03 0,12 0,20 x 

 
Values in bold are different from 0 with a significance level alpha=0,05 

        

              

 
Code Coefficient 

          

 
     0,2 - 0.29    Low correlation 

         

 
     0,3 - 0,39    Medium correlation 

         

 
             > 0,4    High correlation 
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Appendix 11. Correlation matrix (Kendall) by value chain with balanced data 

 

 

 

 

Enablers 
           

              

  
Areas Technologies 

  

 
Variables Products Service Operations Business models 3D Big Data Cloud IoT II MBSE OI Robotics 

A
re

as
 

Products x - - - - - - - - - - - 

Service 0,40 x - - - - - - - - - - 

Operations 0,18 0,23 x - - - - - - - - - 

Business models 0,23 0,21 0,20 x - - - - - - - - 

Te
ch

n
o

lo
gi

es
 

3D 0,03 0,05 0,08 -0,04 x - - - - - - - 

Big Data 0,36 0,32 0,20 0,26 -0,02 x - - - - - - 

Cloud 0,12 0,15 0,24 0,12 -0,11 0,19 x - - - - - 

IoT 0,20 0,17 0,20 0,18 -0,02 0,34 0,31 x - - - - 

II 0,24 0,21 0,07 0,35 -0,02 0,35 0,27 0,50 x - - - 

MBSE 0,09 0,05 -0,03 -0,14 0,15 -0,03 -0,01 0,02 0,02 x - - 

OI 0,15 0,07 0,03 0,17 0,11 0,15 0,11 0,17 0,26 0,07 x - 

Robotics 0,06 -0,02 -0,15 0,09 0,22 0,08 -0,08 0,06 0,14 0,11 0,17 x 

 
Values in bold are different from 0 with a significance level alpha=0,05 

        

Actors 

           

              

  
Areas Technologies 

  

 
Variables Products Service Operations Business models 3D Big Data Cloud IoT II MBSE OI Robotics 

A
re

as
 

Products x - - - - - - - - - - - 

Service 0,10 x - - - - - - - - - - 

Operations 0,15 0,25 x - - - - - - - - - 

Business models 0,03 0,17 0,20 x - - - - - - - - 

Te
ch

n
o

lo
gi

e
s

 

3D 0,18 0,05 0,22 -0,01 x - - - - - - - 

Big Data 0,07 0,26 0,13 0,04 -0,12 x - - - - - - 

Cloud -0,07 0,17 0,05 0,17 -0,07 0,27 x - - - - - 

IoT 0,03 0,16 0,05 0,21 0,09 0,18 0,24 x - - - - 

II 0,16 0,28 0,16 0,15 0,06 0,36 0,10 0,52 x - - - 

MBSE 0,21 0,27 0,16 0,05 0,08 0,27 0,07 -0,03 0,07 x - - 

OI 0,16 0,24 0,24 0,25 0,25 0,10 0,03 0,09 0,01 0,23 x - 

Robotics 0,08 0,15 0,07 -0,06 0,08 0,02 0,14 0,14 -0,04 0,11 0,26 x 

 
Values in bold are different from 0 with a significance level alpha=0,05 

        

Users 

 
             

  
Areas Technologies 

  

 
Variables Products Service Operations Business models 3D Big Data Cloud IoT II MBSE OI Robotics 

A
re

as
 

Products x - - - - - - - - - - - 

Service 0,39 x - - - - - - - - - - 

Operations 0,24 0,28 x - - - - - - - - - 

Business models 0,34 0,37 0,28 x - - - - - - - - 

Te
ch

n
o

lo
gi

es
 

3D 0,14 0,17 0,23 0,11 x - - - - - - - 

Big Data 0,28 0,30 0,17 0,23 0,06 x - - - - - - 

Cloud 0,25 0,21 0,02 0,16 -0,11 0,31 x - - - - - 

IoT 0,28 0,35 0,17 0,39 0,00 0,28 0,24 x - - - - 

II 0,18 0,22 0,21 0,40 0,13 0,15 0,19 0,54 x - - - 

MBSE 0,03 -0,05 0,16 0,00 0,24 0,06 -0,13 0,13 0,17 x - - 

OI 0,28 0,28 0,22 0,19 0,18 0,25 0,12 0,19 0,12 0,19 x - 

Robotics 0,25 0,15 0,23 0,06 0,12 0,02 0,13 0,06 -0,03 0,17 0,17 x 

 
Values in bold are different from 0 with a significance level alpha=0,05 
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Appendix 12. Variance dependency by ANOVA 

 

Products

Enabler Actor User

3D

Enabler Actor User

Big data

Enabler Actor User

Cloud

Enabler Actor User

IoT

Enabler Actor User

Robotics

Enabler Actor User

Share the 
same opinion

Differentiates 
by being the 
highest value

Differentiates 
by being the 
lowest value

Differentiates 
by being the 
middle value

Stands 
somewhere 

between and 
does not 

differentiate 
clearly from 
the others

Impact

Technologies

Explanation

0,061

0,009

0,006

0,002

0,466

0,259

0,098

0,007

0,186

0,007

0,024

0,894

0,513

0,001

0,008

0,214

0,011

0,130

 

 




