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Abstract: 

The recent developments in the field of technology have resulted in a new industrial revolution, 

namely Industry 4.0. This industrial revolution brings numerous new technological 

opportunities for companies to operate and increase their competitive advantage. The vast 

changes have also contributed to an increased demand for research, but also to provide support 

for SMEs. Thus, Jönköping University launched a project together with 10 other companies as 

well as Science Park, a company funded by the Jönköping region and Jönköping University to 

support local entrepreneurship and growth, called “Transform to AAA” with the purpose to 

provide small and medium-sized enterprises (SMEs) with knowledge of the opportunities 

provided by digital tools. Inspired by the initiation of the project, the purpose of this thesis is 

to expand on the currently existing theory and fill the research gap in regard to manufacturing 

SMEs and Industry 4.0 with a focus on Artificial Intelligence (AI). By applying and expanding 

the technology- organization- environment- (TOE) framework on the situation of AI and 

Swedish manufacturing SMEs, the theoretical contribution on the matter is also aimed towards 

expanding the framework. This is because the main pillar of Industry 4.0 is AI, due to its ability 

to make machines learn, draw conclusions and even make decisions on their own, thus 

increasing efficiency, productivity and failure recognition in production. Although there have 

been previous studies committed to Industry 4.0, SMEs, manufacturing and AI, little has been 

written regarding manufacturing SME’s place in the fourth industrial revolution. Thus, the 

purpose of this study has also been to examine how ready Swedish manufacturing SMEs are 

for Industry 4.0 from the perspective of AI and which factors influence their readiness. The 

primary qualitative data for this study has been gathered through interviews with ten small and 

medium-sized companies in the Swedish manufacturing industry and then analyzed through a 

comparative analysis approach. The empirical findings show that numerous factors influence 

the Swedish manufacturing SMEs implementation of AI and are all based on the three main 

elements of the technology, organization, and environment (TOE) framework. 
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1. Introduction 

___________________________________________________________________________ 

The purpose of this chapter is to present the background to the research, its purpose and 

problem as well as definitions needed to understand the study. 

___________________________________________________________________________ 

1.1 Background 

Artificial Intelligence is by far one of the most exciting things happening in technology and 

business right now. The definition of Artificial Intelligence in the Oxford Dictionary reads; "AI 

is the theory and development of computer systems able to perform tasks normally requiring 

human intelligence, such as visual perception, speech recognition, decision-making, and 

translation between languages." Hence, the definition of AI suggests that the technology strives 

towards a computer and algorithm-based mind that can achieve anything a human mind can, if 

not even more than so. However, because the possibilities of AI are evolving at a rapid pace, 

so is the understanding and definition of the term. A common misperception about AI is that it 

is a technology innovated in this century. AI has been around since the early 1950s, but until 

now it has not been compelling for organizations and enterprises to reap its benefits, mainly 

because of the insufficient computer power and lack of data storage possibilities in the past 

(Schoonhoven, Roelands & Brenna, 2018). What makes AI so compelling for companies is the 

numerous potential benefits it contributes to, such as increased quality, rapidness, and 

performance in production and safety for humans employed in the manufacturing process 

(Manyika, 2017). 

 

With the introduction of Industry 4.0 where advanced technology is fundamental, the race 

among companies to implement AI is on, and there is much to win for those who learn how to 

use the new technology, but perhaps, even more to lose for those who are late in getting started 

(Mahidhar & Davenport 2018; Bughin, 2018). Large corporations and smaller high-tech 

companies are already investing in the perceived opportunities and benefits of the technology, 

while small and medium-sized companies (SMEs) do generally not possess the resources or 

competence required to join the race (Stentoft, Jensen, Philipsen & Haug, 2019).  
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Ransbotham, Kiron, Gerbert and Reeves (2017) performed a global research on more than 3000 

business executives, managers and analysts to obtain and understand what challenges and 

opportunities are associated with the usage of AI. The research findings suggest that there is a 

significant gap between companies' ambitions and actual execution. The truth is that 75% of 

company executives believe that AI will allow their companies to move into a new business, 

and almost 85% of them think that their organization will obtain or maintain a competitive 

advantage because of AI. However, their research shows that only an approximate one out of 

five companies has integrated some form of AI technology in their operations and that only 

one out of 20 has broadly integrated AI in their operations. Another interesting fact is that there 

was less than 39% of the companies included in the study which had an active AI strategy, 

namely, the strategy chosen by a company to either decide against the implementation of AI 

technologies or to pursue such an implementation. The strategy itself might be what separates 

success from failure (Bughin, 2018). 

1.2 Problem 

Companies can struggle to implement new technologies due to various reasons, such as 

inadequate financial resources or lack of technical expertise, and thus, decide to wait to adopt 

AI technologies. Thereby, they may experience difficulties catching up with their competitors 

later on. A primary reason these companies risk falling behind in the technology is because of 

time-related obstacles a company may face. Some examples are; system development time, 

integration time, and the time it takes for humans to integrate with the AI technology. 

Furthermore, they argue that the reason the companies decide to wait is that they want the 

technology to mature and become more available and because the companies are planning to 

adopt a fast follow strategy (Mahidhar & Davenport, 2018; DiPietro, Wiarda & Fleischer, 

1990).  

 

As the world enters the era of Industry 4.0, a great amount of new and more advanced 

technologies become available for manufacturing enterprises to reap the benefits from. 

Although the technologies associated with Industry 4.0 are numerous, the one that mainly 

stands out is Artificial Intelligence. This is because there is a massively increased amount of 

Big Data in Industry 4.0, which refers to an information asset consisting of large volumes, rapid 

movement, and variety of data, which can be transformed into valuable information through 

analysis. As no other technology can handle immense amounts of data as efficiently as AI, it 
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becomes crucial for any organization to implement the technology. This is true for large 

companies as well as SMEs. The reason as to why SMEs are compelling to research in regard 

to Industry 4.0 is partially due to the fact that they make up for a considerable amount of the 

total companies in Europe as well as Sweden. Hence, they are a significant target group for 

Industry 4.0. Also, the degree to which enterprises are equipped to face Industry 4.0 differs 

vastly between the larger ones and the SMEs due to distinctions in financial and technical 

resources as well as experience in regards to management of new technologies (Moeuf, 

Pellerin, Lamouri, Tamayo-Giraldo & Barbaray, 2018; Stentoft, Jensen, Philipsen & Haug, 

2019; Qi & Tao, 2018; De Mauro, Greco & Grimaldi, 2016). Furthermore, the amount of 

research that has previously been conducted in regard to SMEs and Industry 4.0 and even more 

so SMEs and AI, is scarce. Thereby, there is an undoubtful research gap in which the lack of 

research must be filled (Moeuf et al., 2018; Parida, Westerberg & Frishammar, 2012). 

Additionally, 99,9% of all enterprises in Sweden are SMEs, and together they make up for a 

total of a third of all employment in Sweden (Holmström, 2018). However, this includes sole 

proprietors, which are companies that have only one employee and also microenterprises that 

have between one and nine employees. The latest updated definition of an SME is from 2003 

and defines the term as an enterprise that employs fewer than 250 people and has an annual 

turnover of less than €50 million (Persson, 2019; Holmström, 2018; European Commission, 

2015). Additionally, from a European perspective, SMEs contribute to 50% of the total 

economy and 60% of all employment (Müller & Voigt, 2018). Thus, SMEs are undoubtedly 

an essential part of the Swedish economy and factor of employment. Thereby, it would be a 

significant issue for the Swedish economy if the country's SMEs were unable to compete in the 

new era of Industry 4.0 and risk being left behind in this era of Big Data, which is a significant 

part of Industry 4.0 (Coleman et al. 2016). However, the problem that the authors of this thesis 

see today is that SMEs may be unaware of the benefits they can reap of AI technology to further 

enhance their manufacturing process (Stentoft et al., 2019; Önday, 2018; Jönköping University, 

2019). 
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1.3 Purpose & Research Question 

As established in the previous section of this thesis, AI is a crucial aspect of Industry 4.0, and 

since there is such scarcity of prior research on AI in SMEs, the research questions of this study 

are; 

RQ 1: Which factors influence SMEs readiness to implement AI technology? 

RQ 2: How ready are small & medium-sized manufacturing companies in Sweden 

to compete in Industry 4.0 with regards to AI technologies? 

 

Thus, this study aims to use existing theory as assistance to investigate firstly, which factors 

influence Swedish manufacturing SMEs implementation of AI through an exploratory research 

approach. Secondly, how ready they are for Industry 4.0 from the perspective of AI by applying 

a descriptive research approach and thus, the purpose of the study will be a combination 

between exploratory and descriptive (Collis & Hussey, 2014). The exploration of new areas 

and gains of new insight is described as an exploratory purpose (Saunders et al., 2012). On the 

contrary, explanatory case studies are associated with a theory-testing approach (Yin, 2009). 

Hence, this thesis practices an exploratory approach instead of the explanatory or descriptive 

approach, because of the purpose of investigating a somewhat new area and whereas the 

authors' ambition was to obtain new insights. 

 

The intended contribution with this study is to discern whether or not manufacturing SMEs in 

Sweden are aware of the possibilities that AI technologies contribute with, the potential 

utilization of AI that they can take advantage of, and generally broaden and enlighten 

manufacturing SMEs of what AI can do for their business operations. In addition, this thesis 

intends to reduce the lack of theory in the field of study by filling the currently existing research 

gap and expand on the current theory with regards to the implementation of AI technologies in 

SMEs and the factors that influence the implementation. Industry 4.0 and AI come with a vastly 

increased competitiveness and remains a relatively unexplored topic in regard to manufacturing 

SMEs. 
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1.4 Delimitations 

The authors have identified four delimitations. The first delimitation is that AI is the leading 

technology in Industry 4.0, and thus other technologies such as Cloud-Based Manufacturing 

has been excluded from the study. The second delimitation is that, since the vast majority of 

previous research in the field of study has regarded larger enterprises, those companies have 

been omitted from this thesis, and instead, the study put focus on the more scarcely researched 

manufacturing SMEs in terms of AI and Industry 4.0. The third delimitation is because the 

authors are only interested in examining companies in Sweden, all companies from any other 

part of the world have been excluded. The final delimitation refers to the exclusion of any other 

aspect of a manufacturing company that is not their production. This is because the research 

focus is on the manufacturing industry and the production is the core difference from any other 

industry. 

1.5 Definitions 

Internet of Things: 

“Internet of Things” was first used by Kevin Ashton at a presentation at Procter & Gamble in 

1999 (Falkenreck & Wagner, 2017). This term comprises the many entities that together form 

sensors that are linked together using a network, which ultimately allows them to be located, 

identified and operated all by themselves, and without the help or assistance of a human. The 

Internet of Things can be useful when you strive to enhance reliability through thorough 

monitoring, and it enables the user with the opportunity of real-time harvesting of information 

from objects and interactions to suppliers (Falkenreck & Wagner, 2017).  

 

Industrial Internet: 

General Electric (GE) proclaimed the phrase “Industrial Internet” as a version of the 

previously mentioned Internet of Things. In the book “Industry 4.0 - The industrial Internet of 

Things”, Gilchrist (2016) describes the term Industrial Internet as something that could be used 

to reconstruct and improve a company’s business processes with the help of analysing the result 

from large data sets. Thus, entailing in increased productivity which brings about increased 

efficiency gains in the overall business operations.  

 

  



10 

Smart Manufacturing: 

Smart Manufacturing is the drastically increased everyday application of integrated 

information-based technologies through the whole manufacturing and supply chain part of a 

business process. The three main pillars of smart manufacturing are; synchronization, cyber-

physical-workforce requirements and integrated performance metrics. The smart 

manufacturing process encompasses and leads to a constitutional transformation of the business 

and strives to target demand-dynamic economics that focuses on the public, customers, and 

partners. This has mainly been made achievable through information technology, which has 

also helped smart manufacturers to better respond to demands and interests from the industry 

(Davis, Edgar, Porter, Bernaden & Sarli, 2012).  

 

Cloud-Based Manufacturing: 

Cloud manufacturing is a collection of several newly emerged technologies combined with the 

increased development within the manufacturing process. The emerging technologies are the 

following; 1) Information technologies - Cloud computing, Internet of Things, CPS.  

2) Advanced Manufacturing technologies – For instance, Crowdsourcing. 

Based on the previously stated facts, together with a variety of networks, cloud manufacturing 

can be seen as a new paradigm for manufacturing. What this ultimately does is enable 

manufacturers to utilize technologies to transform the resources and capabilities of 

manufacturing into services. As a result, this can now be handled and administered in an 

intelligent way that enhances the entire manufacturing process (Zhang et al., 2014). 

 

Cognitive Technologies:  

Cognitive technology directly translates into “Thinking technology” and is basically a synonym 

to Artificial Intelligence. The technologies commonly referred to Cognitive Technologies are 

an evolution in computing that resembles some aspects of human thought-processing on a large 

scale (Chen, Argentinis & Weber, 2016). 

 

Machine Learning:  

Machine learning is a part of Artificial Intelligence that produces predictions and estimations 

by itself by interpreting a large set of data. It works with algorithms to perform specific tasks 

without any instructions. Through this, it can expose generalizable patterns, and thus discover 

complex structures that it was not aware of in advance (Mullainathan & Spiess, 2017). 
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Deep Learning:  

Deep learning uses deep neural networks (a set of algorithms that are vaguely designed after 

the human brain to recognize patterns) that are connected through nonlinear nodes. What these 

neural networks do is that they handle and process large sets of data and then trains itself to 

provide fast and accurate predictions (Rasp, Pritchard & Gentine, 2018). 

 

Smart Factories: 

A smart factory is something that inheres a combination of both physical technology and cyber 

technology integrated, coupled with technological systems, and together, they form a smart 

factory (Chen, Wan, Shu, Li, Mukherjee & Yin, 2018). 

 

Big Data: 

The term big data refers to the immense amount of raw data generated throughout, for example 

the life-cycle of a product (Qi & Tao, 2018).  
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2. Literature Review 

___________________________________________________________________________ 

The purpose of this chapter is to provide the theoretical background to the importance of AI in 

industry 4.0 and the factors affecting Swedish manufacturing SMEs readiness to implement the 

technology by reviewing past literature conducted on the subject. 

___________________________________________________________________________ 

2.1 Industry 4.0 

Industry 4.0 can be defined as "a new level of organization and control over the entire value 

chain of the life cycle of products; it is geared towards increasingly individualized customer 

requirements" (Vaidya, Ambad, & Bhosle. 2018). In every industrial revolution that humanity 

has experienced over the past few hundred years, technological advancements have pushed and 

forced every organization in the manufacturing industries to adapt to the new environment at 

some point (Rüßmann et al., 2015). However, Industry 4.0 is different, mainly in the rapidness 

and vastness of its change. What this specific revolution brings is a significant shift in 

operations, services, and management and the transfer from a focus on mass production to 

customized production. Industry 4.0 stands as inevitable, mainly due to the opportunities in 

terms of developing products, services, and operations to increase any given entity's 

competitiveness (Ślusarczyk, 2018; Vaidya, Ambad, & Bhosle 2018; Stentoft et al. 2019). One 

of the underlying reasons for Industry 4.0 was changes in the operative framework conditions, 

and numerous triggers forced this through. The first one is the shorter development periods, 

where there is a strong need for more innovative ways to maximize production and reduce 

development cycles. The second is the increased demand for customized production, with a 

shift from seller’s market to buyer’s market. Thirdly, the increased necessity for flexibility. 

Fourthly, the need for enabling the handling of the required rapidness of decision making, 

decentralization has become critical. Finally, resource efficiency is crucial due to the need for 

increased efficiency of production (Lasi, Fettke, Kemper, Feld & Hoffman, 2014). 

 

The very concept of Industry 4.0 is built upon various technologies. Firstly, the Internet of 

Things, which refers to the vastly increased connection of everyday devices that through the 

internet can communicate with each other. Secondly, the Industrial Internet is defined as 

something that could be used to reconstruct and improve a company's business processes with 
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the help of analysing the result of large dissections from large data sets. Thirdly, Smart 

Manufacturing that refers to drastically aggravated and prevalent application of integrated 

information-based technologies through the whole manufacturing and supply chain part of a 

business process. Fourthly, Cloud-based Manufacturing which is a collection of several newly 

emerged technologies combined with the increased development within the manufacturing 

process (Vaidya, et al., 2018; Gilchrist, 2016; Davis et al., 2012; Zhang et al., 2014). However, 

these technologies are enabled through Big Data, and thus, it is crucial for a company to ensure 

that they can handle it (Coleman et al. 2016) 

 

Industry 4.0 will enable companies to collect and then analyse data across and between 

machines, entailing in faster, better and more flexible processes to manufacture higher-quality 

goods but at a lower cost than what was previously the case. What this then will lead to is 

enhanced manufacturing productivity, benefit industrial growth as well as alter the profile of 

the workforce, leading to changes in competitiveness between companies within the industry. 

Additionally, with the technologies associated with Industry 4.0, interaction and connection 

amongst humans, machines and parts will increase production to the extent that it will be 30% 

faster and 25% more efficient, thus resulting in increased mass customization as this industrial 

revolution pushes towards customization and away from standardization. Through the 

previously mentioned interactions, benefits will increase in manufacturing due to developments 

in flexibility and quality (Rüßmann et al., 2015; Ganzarain & Errasti, 2016; Vaidya et al., 

2018).  

 

Smart factories, which refers to factories that have implemented computer control systems that 

can handle and use consistent flows of data coming from connected production systems and 

operations to learn and change according to shifts in demand, have their primary focus on 

control-centric optimization and intelligence. Within production, this can enhance it when 

mixing different systems that directly impact production and machine performance. Would this 

succeed, it would help to shift the usage of regular machines to self-learning machines, which 

is less dependent on human interference and instead becomes more automated, which would 

improve overall performance (Lee, Kao & Yang, 2014). This predictive aspect that machine 

learning may result in will be crucial in industry 4.0 as it allows producers to increase their 

understanding of changes that will come. AI will play an essential role in terms of properly 

developing entities with an ability to predict changes in production demand through machine 

learning (Lee, Lapira, Bagheri & Kao, 2013; Lee, Bagheri & Jin 2016). Furthermore, even 
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though autonomous computing intelligence has been implemented into computer science with 

success, self-learning machines are still a long way from being utilized to the fullest in 

manufacturing industries today. However, the authors further argue that if Industry 4.0 were to 

realize its full potential, it would require that the machines used in the production process would 

lean more towards self-learning, but this would require further advancements in the Artificial 

Intelligence technology. Not only is there further R&D needed to fulfil Industry 4.0's potential, 

but also a few obstacles that need to be dealt with, including; Manager & Operator interaction, 

Product & Process Quality, Data Management and Distribution in Big Data environment as 

well as Sensor & Controller network (Lee et al., 2014). 

2.2 Artificial Intelligences impact on Industry 4.0 

When it comes to Industry 4.0, the main driver of it is Artificial Intelligence. The main reason 

why AI is such an essential part of Industry 4.0 is the handling of the increased amount of data 

or Big Data, which refers to the immense amount of data generated throughout the life-cycle 

of a product (Qi & Tao, 2018). As it is close to impossible for any human to obtain and process 

such large amounts of data, AI provides just that, the ability for any company or organization 

to not only collect the data but also to analyse it through Machine Learning and Deep Learning 

(Tang, Mhamdi, McLernon, Zaidi & Ghogbo, 2016). As previously mentioned, Industry 4.0 

moves the target of manufacturing mass-production to customized production. Thus, AI may 

not only provide companies with an opportunity to lower their costs in the long run through 

increased failure recognition during production but also provide companies with an ability to 

tailor their production as according to specific customer demands (Vaidya et al., 2018; Qi & 

Tao, 2018). Though there are already companies, large as well as small, who use automatization 

in their production, AI brings it to a whole new level. Since the automated tools that are 

currently commonly used are unable to make any decisions on going forward or decide whether 

a product is correctly produced, AI can do just that through Machine Learning and Deep 

Learning (Dopico et al., 2016).  

 

AI favours the development of intelligent manufacturing, i.e., new models, means, forms, 

system architecture and technology systems that coheres with intelligent manufacturing. The 

intelligent manufacturing systems are made up of a resources/capacities layer, a service 

platform, an intelligent cloud service application layer, a universal network layer, security 

management, and a standard specification system. Technologies such as AI can be applied to 



15 

a vast amount of systems within intelligent manufacturing, thus also on the entire 

manufacturing process. These potential areas include; general technology of intelligent 

manufacturing systems, intelligent manufacturing system platform technology, intelligent 

design, and intelligent resources/capacities virtualization (Li, Hou, Yu, Lu & Yang, 2017).  

2.3 Small and medium-sized enterprises 

Small and medium-sized enterprise, or SME, is defined as an enterprise with a maximum of 

249 employees and total annual revenues below 50 million euros, and annual balance sheet 

total not exceeding 43 million euros (European Commission, 2015). SMEs make up a third of 

all employment, and 99,9% of all companies in Sweden are SMEs, however including sole 

proprietors and micro enterprises, thus, SMEs stand as a central part of the Swedish economy 

(Business Sweden, 2016; Persson, 2019; Holmström, 2018). SMEs possess various 

superiorities over the larger companies, such as; efficient internal communication and rapid 

response to external threats and opportunities. On the contrary, they also do not have the same 

ability to spread risk throughout their product portfolio or to fund long-term R&D operations, 

as opposed to large enterprises (Malecki, 2018). 

 

SMEs, as compared to larger enterprises, clearly have different prerequisites, and some of these 

inherited limitations include; less structured internal capabilities, fewer resources allocated for 

R&D operations, amongst other things. On the contrary, SMEs often tend to be less 

bureaucratic, more prone to take on big risk while still being risk-averse, communication being 

streamlined at a much more rapid pace as well as being more agile in answering to changing 

market demands. Coupled with the aforementioned, SMEs can thus have the upper hand at 

gaining from open innovation activities compared to larger enterprises (Parida et al., 2012). 

One of the issues that are typically faced by SMEs in a global economic context is their 

relatively high level of business failure due to, for instance, high opportunity costs, change of 

ownership or high personnel costs (Sánchez-Medina, Blázquez-Santana & Alonso, 2019; El 

Kalak & Hudson, 2016). 
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2.4 Industry 4.0 & SMEs 

The differences in the ability to implement technologies for Industry 4.0 is quite vast between 

SMEs and large enterprises, as the competencies, resources, and operations tend to differ 

significantly between them, leaving SMEs unable to compete in Industry 4.0. Decentralization 

in manufacturing enterprises is an essential part of Industry 4.0. Thus, the fact that SMEs tend 

to be less bureaucratic may provide the SMEs with an advantage in terms of implementing 

technologies associated with Industry 4.0 (Stentoft et al., 2019; Almada-Lobo, 2016; Jönköping 

University, 2019). However, SMEs have an increased awareness of the technologies and more 

incentives to implement these technologies that would enable them to become more efficient 

and lower their costs, though they struggle to do so due to their lack of technical skills and 

financial resources. To assist SMEs with this, one solution could be for multinational 

organizations such as the European Union to increase their support for SMEs in their pursuit 

to implement technologies which may improve their competitive advantage. However, Cloud-

based systems are already implemented amongst a great number of SMEs as a way of gathering 

and enabling quick access to the company’s internal information. Thereby, one method for 

SMEs to implement at least some sort of technology that would be suitable for Industry 4.0 is 

to start by exploiting those technologies that are the least advanced or costly (Rizos et al., 2016; 

Moeuf et al., 2018).  

2.5 Swedish Manufacturing Industry 

The Swedish manufacturing industry is today one of the most significant contributors to 

Sweden’s GDP growth. Major companies have played an essential role for Sweden in terms of 

exports, development, employment, and growth, conclusively also for Sweden’s total welfare. 

Some of the major manufacturing firms in Sweden include AstraZeneca, Volvo, and ABB. 

However, there are not only Swedish companies in the manufacturing industry today, but 

approximately 200.000 of the companies are also foreign, representing one-third of the entire 

industry, where Germany owns the most considerable amount of manufacturing firms in 

Sweden. Some of the most significant sectors in the manufacturing industry in Sweden are; 

Metal products (13%), Motor vehicles/trailers (12%), Machinery & equipment (12%) and food 

products/beverage & tobacco (10%). Sweden has remained highly competitive in the 

manufacturing sector due to its incentive to adopt new technologies, enhancing innovation as 

well as increase their productivity and production technology (Business Sweden, 2016). 
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However, one of the major issues that Swedish manufacturing companies face is to overcome 

the challenge of lacking a strategy for material planning efficiency (Shahbazi, Wiktorsson, 

Kurdve Jönsson & Bjelkemyr, 2016). 

 

The Swedish manufacturing industry exports about 64% of its total production, and it 

represents about 18% of Sweden's GDP.  For a long time, most of the organizations have been 

flat organizations, creating good relations between the labour unions and the employees, 

leading to transparency and excellent opportunities for development. Sweden holds a vast 

amount of advantages that help manufacturing firms within Sweden, including low tax 

legislation, cheap electricity and water costs, as well as a big subcontractor network with 

international companies. Paired with the big subcontract network, the exceptionally competent 

labour pool accounts for two of the preeminent advantages for manufacturing in Sweden 

(Business Sweden, 2016). Additionally, Swedish manufacturing firms tend to operate in a 

predictive manner, with focus on forecast failures and changes in demand (Bokrantz, Skoogh, 

Ylipää & Stahre, 2016). It can already be seen that enhanced productivity and a more 

significant focus on automated processes are present within the sector. Coupled with the 

enhanced productivity and automated processes, the extensive proficiency of manufacturing 

staff and their use of IT systems also make Sweden one of the best countries to place a 

manufacturing business in, and the perfect place for ambitious companies aspiring to lead the 

transition to Industry 4.0 (Business Sweden, 2016). 
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3. Theoretical Framework 

___________________________________________________________________________ 

The purpose of this chapter is to present a theoretical framework that will serve as guidance for 

this research. The presented framework is built on previous literature on the subject of new 

technology implementation on an organizational level. 

___________________________________________________________________________ 

  

With the purpose to research what factors influence organizations decision to implement new 

technology and how ready the Swedish manufacturing SMEs are to compete in Industry 4.0 

with regards to AI implementations, a solid theoretical foundation is developed to guide and 

support the research. Hence, the framework applied to analyse the situation is based on previous 

literature covering the subject of implementation of new technology. To ensure that the optimal 

theoretical framework was utilized, several theories were reviewed and judged by their 

relevance for this research. 

  

One of the most traditional and commonly used theories for the subject of new technology 

implementation is the Technology Acceptance Model (TAM) proposed by Fred Davis (1986). 

TAM suggests that the perceived usefulness and perceived ease of use are the determinants 

influencing whether an individual will be willing to use a new technology or if they will not 

(Davis, 1986; Davis, 1989). However, TAM focuses on new technology implementation on an 

individual level and not a firm level; hence, TAM is not optimal for this research. 

  

Diffusion of Innovation (DOI) theory is an extensively used theory for the adoption of new 

technology (Rogers, 1995; Rogers 2003). DOI suggests technical compatibility, technical 

complexity, and relative advantage as the determinants of technology implementation. 

However, the theory does not emphasize the organization's capabilities and external 

environment factors. Hence, the framework is to some point usable but not optimal for this 

research due to the research focus on Swedish SMEs organizational capabilities and the 

external environmental factors affecting manufacturing SMEs in Sweden. 
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TAM, DOI and six other previous theories lead to the development of the Unified theory of 

acceptance and use of technology (UTAUT). This framework suggests four essential constructs 

and intends to describe individual’s willingness to utilize new technology (Venkatesh, Morris, 

Davis & Davis, 2003). The suggested constructs determine the individual's willingness to 

utilize the technology are; performance expectancy, effort expectancy, social influence, and 

the facilitating conditions (Venkatesh et al., 2003). However, this framework also focuses on 

the individual level instead of the organizational level and is therefore also not optimal for this 

research. 

  

The Technology- Organization- Environment (TOE) Framework which is discussed more in 

detail in the following section, is the most traditional theory identified that covers the subject 

of new technology implementation that also analyses new technology implementation on an 

organizational level rather than an individual level that also emphasizes; the characteristics of 

the technology, the context of the organization, and the external environmental factors 

(DePietro, Wiarda & Fleischer, 1990). Hence, the authors acknowledge the TOE framework as 

a solid foundation for the research because it provides a broader view of the case. 

  

The original TOE framework was adopted and revised in a study on eCRM system 

implementation (Racherla & Hu, 2008; Figure 1). The revised framework is still built upon the 

technological, organizational and environmental constructs originating in the TOE framework 

but extends the framework with derived findings regarding the diffusion of innovation from 

previous literature to explain the implementation of new technology at an organizational level 

(Iacouvou, Benbasat, & Dexter, 1995; Chau & Tam, 1997; DePietro, Wiarda & Fleischer, 

1990; Tornatzky & Fleisher, 1990; Rogers, 2003). Hence, the authors acknowledge the revised 

TOE framework as a solid foundation for the research because it provides a broader view of 

the case and it has been applied to more recent studies. 
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Figure 1. Revised TOE (Racherla & Hu, 2008) 

3.1 Proposed framework for the research on manufacturing 

Swedish SMEs 

For this research, the authors proposed a framework that is built on the foundation of the revised 

and extended TOE framework. The revised TOE is the most recently updated version of the 

TOE framework, and it is highly compatible with the purpose of this research. Hence, the 

authors of this thesis acknowledge the revised framework by Racherla and Hu (2008) as the 

most relevant framework for the study and proposed a research framework with small 

limitations to it, to serve as guidance throughout the research (Figure 2). The authors chose to 

limit the framework and not explore the importance of Firm Size and Customer Knowledge 

Management. Firm size was not investigated because the research was already limited to SMEs. 

Customer Knowledge Management was not explored because although the knowledge about 

the customer affects the organization as a whole, the research was limited to solely the 

production operations of the organization. Additionally, Customer Knowledge Management 

was excluded due to the authors' perception of the element as better suited for service 

enterprises or other aspects of the company than the production, for instance, marketing. 

However, the element Customer Expectations remains in the framework because increased 

need for flexibility and responsiveness to shifts in demand is crucial in Industry 4.0 (Lasi et al., 
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2014). Finally, the authors of this thesis have excluded the stages appearing post-

implementation in Racherla and Hus’ (2008) revised framework. The reason for this decision 

is that the focus of this research is solely on the factors affecting the implementation and how 

ready Swedish manufacturing SMEs are, and not on how the implementation has affected them.

 
Figure 2: Proposed Framework for AI implementation in SMEs. 

Technological Context 

Perceived benefits 

A topic frequently studied in information system literature is the characteristics of innovative 

technologies. Rogers (2003) argue there are three primary factors influencing organizations 

adoption of innovative technologies. The factors Rogers mention are compatibility, relative 

advantage, and functionality. Furthermore, Tornatzky and Klein (1982) distinguished 

functionality and relative advantage mostly being consistently correlated to the adoption of 

innovative technologies. Kuan and Chau (2001) argue that those factors consolidated may be 

operationalized as perceived benefits and functionality. 
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The perceived benefit can be explained as to which degree the technology is providing the 

proposed benefits for the company. However, the perceived benefits can be categorized as 

either direct benefits or indirect benefits. 

Perceived direct benefits 

The direct benefits companies may acquire through implementations of AI technologies mainly 

relates to efficiency (Racherla & Hu, 2008). With more intelligent machines, the companies 

possess the ability to potentially either reduce their personnel cost or achieve greater efficiency 

with higher total output with the same input as before (Racherla & Hu, 2008). 

Perceived indirect benefits 

With innovative technologies, the company may potentially obtain or sustain a competitive 

advantage, improve the relationship with existing business partners and their channel 

integrations (Racherla & Hu, 2008). Hence, one can assume that perceived direct benefits and 

perceived indirect benefits are both crucial drivers when deciding on implementing advanced 

technology within an organization. 

Proposal 1. Perceived Direct Benefits 

The authors propose that if the organization can perceive direct benefits, such as an 

increase in efficiency or lower cost it will have a positive effect on companies process 

of implementing AI technology. 

Proposal 2. Perceived Indirect Benefits 

The authors propose that if the organization can perceive indirect benefits, for example 

obtaining a competitive advantage, it will have a positive effect on companies process 

of implementing AI technology. 

Compatibility with existing technology 

The term "Technical Compatibility" refers to the degree to which the new technology is 

compatible with the existing systems at the organization, this includes both hardware and 

software (Schultz & Slevin, 1975). When implementing new technology in any company, it is 

likely that several prior technology systems will be preserved, and that the old and new 

technology will need to integrate with each other. According to Tornatzky and Klein (1982), 

the chances of achieving organizational benefits are higher if it is easy to integrate the new 

technology with the preserved systems. Although it is important to recognize the potential 

benefits, the technology also needs to fit in the existing technology at the company. Prior 
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research on the subject of the adoption of technology and diffusion of the technology suggests 

that most of the information technology innovations go unsuccessful in bringing the perceived 

benefits because of the absence of adjustment in the technology to the characteristics of the 

explicit company (Cooper & Zmud; 1990; Fichman & Kemerer, 1997; Armstrong & 

Sambamurthy, 1999; Fichman, 2001). 

 

Proposal 3. Compatibility with existing technology 

The authors propose that if the new technology is compatible with the existing 

technology it will have a positive effect on companies process of implementing AI 

technology. 

Organizational Context 

Organizational Readiness 

The perceived benefits need to be achieved within the resources available for the organization. 

The organization's' capabilities, in turn, improve the efficiency of the resources that the firm 

arrays to achieving the organization's' mission. In the context of AI implementation, the 

organizational resources, such as technical competencies among the employees, support from 

the top management and adequate economic resources should be sufficient for a successful 

implementation. Those resources can be defined as resources supporting the organizations' 

adoption of information technology systems which combined establish organizational 

readiness (Iacovou, Benbasat & Dexter, 1995). 

  

Research suggests that the two most essential resources influencing the implementation process 

are the financial and technical resources. Idle financial resources available for the organization 

could potentially be a fundamental factor which encourages the implementation process 

(Hirsch, Friedman & Koza, 1990). Furthermore, Swanson (1994) stated in his study on large 

NA corporations that idle financials could be valuable for implementing simple technology, 

whereas the available organizational resources are crucial for the implementation of more 

complex systems. Commitment from the top management is an indispensable component when 

implementing new systems which are supposed to support the overall objectives of the firm 

and that are to achieve the perceived benefits. Hence, top management is supposed to provide 

the organization with a strategy which ensures the alignment of the organization’s purposes 

with the implementation of new technology (Herington & Peterson, 2000). 
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Proposal 4. Existing technical skills within the organization 

The authors propose that if the organization possess the required technical skills within 

the organization it will have a positive effect on companies process of implementing AI 

technology. 

Proposal 5. Financial resources available 

The authors propose that if the organization has the financial resources necessary for 

the implementation of new technology it will have a positive effect on companies 

process of implementing AI technology. 

Proposal 6. Support from top management 

The authors propose that if the organization has support from the top management to 

implement new technology, it will have a positive effect on companies process of 

implementing AI technology. 

Environmental Context 

Intensity of competition 

As mentioned earlier, several studies and frameworks concerning information systems and new 

technology implementations have ignored the influence of the external environment. However, 

in several cases companies has been obligated to implement new technology due to pressure 

from their competitors or business partners, and this influence is not related to the technological 

or organizational contexts (Kuan & Chau, 2001). Research has identified two primary 

environmental influencers, which are; perceived pressure from the competition and the 

business partners, and customer expectations. If the organization perceives a high level of 

pressure or threat from its competitors or their business partners, the organization is more likely 

to proceed with the implementation of innovative technology (Iyer & Bejou, 2003). 

Proposal 7. The perceived threat from competitors 

The authors propose that perceiving pressure from the competition will have a positive 

effect on companies process of implementing AI technology. 

Proposal 8. Pressure from Business Partners and the Industry 

The authors propose that perceiving pressure from business partners will have a positive 

effect on companies process of implementing AI technology. 
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Customer Expectations 

Expectations from the customer is an influencing factor supported by prior studies. However, 

this is argued to be extra important for companies that are service-oriented, whereas their 

success commonly depends on customer satisfaction and brand loyalty. Companies operating 

in the service sector are more closely connected to the customer. Hence, the relationships are 

more complicated compared to companies in the manufacturing industries (Zhu, Kraemer, Xu 

& Dedrick, 2004). However, as the shift from mass production to customized production is a 

central part of Industry 4.0, the authors of this thesis views these elements as essential in the 

proposed framework (Lasi et al., 2014). 

Proposal 9. Customer Expectations 

The authors propose that customer expectations towards the implementation of AI 

technology have a positive impact on the process, even though it has previously been 

seen as more crucial for companies that are acting in the service sector. This because 

the previously mentioned shifts in demand. 
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4. Methodology 

________________________________________________________________________ 

The purpose of this chapter is to provide the methodology to the topic, explaining from what 

perspective and which type of research we aim to conduct in the study. 

_________________________________________________________________________ 

4.1 Research Philosophy 

The identification of a research philosophy is the initiation of every research, as it is of supreme 

importance to match the environment of the study with the information derived with the 

objective of the study (Saunders, Lewis & Thornhill, 2012). The research philosophy can also 

guide the researchers to get a broader understanding of what type of research methods that are 

going to be used, and what strategy the researchers are going to adopt. If the researchers have 

an insight about research philosophy at the early stages, it will empower and aid the researchers 

if they were to appraise various methods or methodologies and would aid avoidance of 

unnecessary work by avoiding limitations of different approaches. Finally, knowledge about 

research philosophy may assist the researchers in being innovative and creative when selecting 

or adapting methods that were previously unknown to them (Crossan, 2003). The research 

philosophy should, therefore, be determined depending on what kind of research is being 

conducted, and what the research question is (Saunders et al., 2012). There are four different 

philosophies which the researcher can choose from; interpretivism, pragmatism, realism, and 

positivism. These philosophies differ to some extent. However, they all share some prevailing 

set of assumptions. Despite this, they emphasize very different implications of those 

assumptions (Mkani & Acheampong, 2012). 

 

The core concept of interpretivism is the idea that people are different. Hence, the research 

philosophy implies the importance of differentiating whether the research has people or objects 

at the centre of attention. Because the interpretivism view considers the differences between 

people, it is frequently regarded as the most suitable philosophy for studying business, and 

especially, business administration (Saunders et al., 2012). The authors of this thesis 

recognized interpretivism as the best fitting philosophy with regards to the purpose of the 

research because of several reasons. According to Creswell (2014), qualitative research is the 

most suitable if the theory is moderately new and there is a shortage of previous research. 
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Furthermore, using an interpretive philosophy among qualitative studies because it allows 

considerations of potential differences between the participants of the research (Saunders et al., 

2012).  

4.2 Research Approach  

The two most common research approaches presented by Saunders et al. (2012) are the 

deductive and inductive approaches. For an inductive method, the empirical data is gathered 

and analyzed, and then a theory is developed based on the analysis. For the deductive approach, 

the researcher develops a theory and a hypothesis before conducting the data gathering and 

performance of hypothesis testing (Saunders et al., 2012). Because the previous data available 

on this research topic is very limited, it would not be possible to test a hypothesis that accurately 

reflects the unique reality of this topic (Moeuf et al., 2018). Therefore, the research has been 

conducted through an interpretivism research philosophy, with a qualitative case study, and 

with an inductive research approach.  

4.3 Research Strategy  

It is paramount for the research to collect information that is of relevance to the chosen topic, 

up to date, and written by reliable sources (Saunders et al., 2012). Hence, it is also crucial to 

adopt an appropriate research strategy. Saunders et al. (2012) suggest the following different 

research strategies; action research, survey, grounded theory, experiment, case study, 

ethnography, and archival research. The case study strategy allows the researcher to obtain a 

more in-depth understanding of a phenomenon in specific contexts (Yin, 2009). A multiple 

case study approach is when research is conducted over a variety of different cases (Saunder et 

al., 2012; Yin, 2009). The authors of the thesis interviewed participants from ten different 

companies operating in the manufacturing industry to get a more profound understanding of 

the phenomena of Artificial Intelligence adoption. Although, one must take into consideration 

that the companies are not from one single industry, but all are nonetheless manufacturing 

enterprises. 
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5. Method 

___________________________________________________________________________ 

The purpose of this chapter is to provide the method to the topic covering how we collected the 

data for our study, the process of doing so and how it is analyzed to fulfil the purpose of this 

study. 

___________________________________________________________________________ 

5.1 Data Collection 

To find reliable and legitimate answers to the research questions, a combination of primary 

qualitative data collection and secondary data through review of existing literature was 

adopted.  

5.1.1 Primary Data  

The primary data was collected through interviews with upper-level management at companies 

in different manufacturing industries. The companies were operating in various industries. 

Saunders et al. (2012) state that conducting interviews is a preferred way to obtain legitimate 

and reliable data for the study, and that these interviews can be structured, semi-structured and 

unstructured. Semi-constructed interviews allow the interviewee to elaborate further on their 

answers; this provides the potential of adding further dimensions of value to the research which 

would possibly not be addressed otherwise. The further dimensions added may be of great 

value for the study and research of exploratory purpose (Saunders et al., 2012). 

 

Semi-structured interviews are suitable if the questions are open-ended and complex. Thus, the 

authors of this thesis found this method as the one that corresponds the best to the thesis and 

for the primary data collection. Not only were there open-ended and complex questions to the 

participants of the interview, but there was also a lot of emphasis on developing a personal 

relationship with the interviewee, as this would lead to answers of better quality. Hence, when 

possible the interviews conducted were performed face-to-face at the office of the interviewee 

or in other private areas, such as conference or meeting rooms. Finally, the questions for the 

interviewees were sent via email a few days in advance which led to the participants having 

more time to think through and provide more accurate answers (Saunders et al., 2012). 
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5.1.2 Secondary Data 

The secondary data was collected through numerous sources. The authors found that Jönköping 

University's Database Primo, Google Scholar, Emerald Insight, and Harvard Business Review 

were the most reliable search engines for academic journals. In addition, the secondary data 

was gathered within the theoretical field of new technology implementation. In order to get as 

much relevant material as possible, there were various keywords used. These keywords were; 

Artificial Intelligence, AI, Industry 4.0, Small and medium-sized manufacturing companies, 

challenges for manufacturing SMEs, Big data, Machine Learning, Deep Learning, AI 

Implementation, and Artificial Intelligence challenges, to name a few. 

5.2 Sampling 

All qualitative sampling techniques aim to gather a sample from a population or other unit of 

measurements so that the results could then be studied and generalized. After this, the results 

can be generalized back on the population. Which sampling method to use is largely dependent 

on the desire of the study (Marshall, 1996). The sampling procedure can be done through two 

main techniques, probabilistic or non-probabilistic. The probabilistic sampling method is a 

method of sampling that adopts a strategy with random selection. On the contrary, non-

probabilistic sampling is based on the subjective judgment of the researchers. Hence, the 

participants can be selected depending on the availability and accessibility (Saunders et al., 

2012). For this thesis, the adoption of a non-probabilistic sampling technique is vital to make 

sure the answers to the questions are provided by legitimate and reliable people with experience 

from the industries. 

5.3 Interview Structure 

According to Sanders et al., (2012) there is a strong emphasis on developing a personal 

relationship with the interviewee. Therefore, the interviews began with establishing a personal 

relationship where the interviewee had the opportunity to give a story about who they are, what 

background they have, and how they ended up working for that company. Every interview was 

held in Swedish and then translated to English. This was mainly due to ensure full transparency 

in the communication between the interviewees and the authors. Seven of the ten interviews 

were conducted face-to-face, and the other three were conducted over Skype. 
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The interviewee was well informed that they are allowed to remain completely anonymous if 

they wish so. Once the personal relationship was established, the objective of the interview was 

to get an understanding about what the company does, how they work to create value for their 

customers, what they believe their competitive advantage is, what their manufacturing process 

looks like and how much technology they use in their manufacturing process. When an 

understanding of their business operations is developed, the next objective is to find out how 

ready the company is to face industry 4.0 with regards to their AI awareness.  

 

The following questions for the interview were formulated to collect information which could 

later be used to analyse the companies’ readiness for Artificial Intelligence implementation 

according to the author's proposed framework for AI implementations.  

 

The first factor the authors investigated was the organizational context. In the proposed 

framework, the organizational context consists of existing technical skills among the 

employees, if the organization is ready to allocate adequate financial resources, and if there is 

support from the top management. Hence, the interviewee was asked to explain how much 

technological support the company possesses and frequently uses in its production or 

manufacturing. If the company employs more advanced technology, the interviewees were 

asked who is responsible for the technological functionality and advancements. Moreover, the 

interviewee was asked to explain their knowledge and understanding of AI (if existing). When 

the researchers had developed an understanding of how the production process works, the 

following factor investigated was if there was a readiness to allocate adequate financial 

resources. This question was based on Hirsch et al., (1990) statement that the slack financial 

resources available could potentially be a crucial factor for the organization when examining 

an implementation. 

 

The next factors influencing the process that was investigated was the technological contexts. 

In the proposed framework the technological context consists of perceived direct benefits of 

AI, perceived indirect benefits of AI, compatibility with existing technology. These questions 

were conducted on the foundation of Rogers (2003) studies that argue that compatibility, 

relative advantage, and functionality are important factors for the implementation process. 

 

Hence, the interviewee was asked to explain if they perceive there would be any benefits to 

them if they were to implement AI technology and what they believe the benefits would be. 
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With this question, the authors were able to identify what kind of benefits the company 

perceived. Once the interviewee had explained if and how they perceive the technology could 

benefit them, there was an open dialogue between the authors and the interviewee to investigate 

if the technological systems they were utilizing would be compatible with AI technology. The 

objective of this stage was completed when the authors had developed an understanding 

concerning the technological context of the organization. 

 

The final context that was investigated was the external environmental factors that influence 

the implementation process. The TOE framework demonstrates that perceived threat from 

competitors, perceived pressure from business partners and the industry, and, customer 

expectations are the important factors affecting the decision to implement new technology. 

Hence, the interviewee was asked to explain if there is a lot of competition in the industry and, 

if so, how they make sure they maintain or obtain a competitive advantage. Furthermore, with 

regards to pressure from the competition, the interviewee was asked if they would feel forced 

to implement AI technologies in the case of active implementation from their competitors. 

Once an understanding of the competition in the industry is acknowledged, the interviewee was 

asked to explain if there have been any requests from their business partners and customers to 

implement AI technology in their production. These questions were conducted based on 

previous studies suggesting that companies may feel obligated to implement the new 

technologies because of a high level on pressure from the competitors and partners, as well as 

expectations from the customers (Iyer & Bejou, 2003; Kuan & Chau, 2001). 

 

Once the authors felt they had obtained all the relevant information required to analyse it 

through the proposed framework, the interview was asked if there was anything more, they 

would like mention that came to their mind during the interview that might be of interest to the 

study. Before concluding the interview, the interviewees were asked if they would prefer to 

remain anonymous or if the company and interviewee agree on being mentioned in the report. 

Further, the interviewee were asked if they would desire to review the article before the authors 

publish the findings associated with their organization. 
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5.4 Data Analysis  

The empirical findings for this paper were analyzed through a cross-case analysis approach. 

This method of analysis is defined as a method to compare multiple cases to each other to find 

common themes, similarities, and differences between the cases in a given set of qualitative 

data. It is an analytical approach developed for qualitative research and therefore requires only 

a small sample (Mathison, 2011). In the case of this thesis, the dataset consists of the data 

gathered from the ten interviews that were conducted for this thesis, where each unit of data is 

an interview which in its turn is referred to as a case. From there, the researchers were able to 

locate similarities and themes between the cases which explain why an element of the TOE 

framework either contributes to AI implementation or does not contribute to such an 

implementation. 
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6. Empirical Observations 

___________________________________________________________________________ 

The purpose of this chapter is to provide the empirical findings from the qualitative research 

conducted with business professionals at the top-level management in the field of study and 

give an overview of all data collected from the interviews. 

___________________________________________________________________________ 

 

The following section summarizes the empirical data the authors found from the conducted 

interviews and identifies factors concerning the technological, organizational and 

environmental contexts. For the clarity of the reader, and to clarify what each of the interviewed 

professionals said in regard to the elements of the TOE framework, the findings from 

interviews are presented individually. Furthermore, all companies except for one agreed to 

have their names published. The company that requested to remain anonymous has therefore 

been named Company Anonymous, and the findings are summarized without sensitive 

information that can link the summary to the company. 
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6.1 Empirical Observations 

6.1.1 CEOS AB 

Background of the interviewee and the company 

The participant in this interview was Michel Jörn, production manager at CEOS. The company 

cuts wooden discs according to their customer’s requests and then laminate these discs 

according to preferences. They then assemble different parts of wood or other material and also 

have a maintenance section for previously manufactured products. CEOS creates value by 

easing the processes and operations that are highly time-consuming for customers. It is worth 

mentioning that CEOS operates mostly B2B, but also B2C to some extent. 

 

Technological Context 

In their current manufacturing process, they use themselves of technology to some degree. For 

example, they receive an order which they then optimize in a program, and then they transfer 

that optimized image electronically into the machine, and after that, the machine knows what 

to do and how to cut every piece. The operator gathers the material from the warehouse after a 

system tells him/her what it needs, for example, the availability of materials. Michel mentioned 

that here he sees the potential implementation of AI as an excellent method to increase their 

efficiency, namely order processing and warehousing that works more automated and believed 

that in the near future, AI will be a must. 

 

Jörn, Production Manager at CEOS AB: “Systems like AI will be needed to enable the highly 

demanded increase of efficiency and specialization that will occur in the relatively near future 

and right now you need it to be able to handle all of the data that comes in, because there is 

far more data now than ever before and that will keep increasing.” 

 

He further argues that it is difficult for him to define AI, but he has the view that a saw-machine 

that they use can be seen as a type of AI. The more information you give the machine, the more 

things get added to it, and it improves. "What might have been seen traditionally as a machine 

might today be regarded as a kind of AI".  Furthermore, CEOS uses AI in their e-commerce 

part of their business operation, and Michel believes that it is crucial for them because AI 

facilitates its entire e-commerce process. Coupled with AI in e-commerce, they also use it to 

some degree where they have systems that recommend them where to put their stock in their 
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warehouse and when they need to refill. Mentions that re-stocking is a big problem in the 

industry and needs to be taken care of more autonomously than today.  

 

Organizational Context 

CEOS vision is that they want to be the company that drives the wooden industry forward in 

Sweden. However, Michel mentions that he is stressed over the fact that the industry is quite 

conservative, and a lot of the company’s employees are older and may experience a sense of 

unease towards more advanced technologies.  

 

Jörn, Production Manager at CEOS AB: “This is a very conservative industry.  As long as you 

cannot get the acceptance from the employees so that they also believe that the system can 

optimize the placement of the log and collection of material, you will face resistance. So then 

why would you want a system that makes decisions based on logic?” 

 

Jörn continued by explaining that CEOS do believe that there will be an increase in 

technologies such as AI in the industry, however, for themselves, there were currently not 

anything available that they thought to be compelling to them in terms of financial requirements 

as well as knowledge of technical management.   

 

Environmental Context 

Jörn again believed that AI will have a significant impact on their industry, due to the increased 

demand for efficiency and specialization that will occur in the relatively near future, and a 

current and future need of ability to handle the immense amounts of data that comes in much 

more rapidly than what is being done before. CEOS have looked at opportunities, but it did not 

convince Michel and his team enough to implement it. As competitors and the industry as a 

whole remains relatively conservative, Michel did not believe that there was anything forcing 

CEOS to implement further technologies to remain competitive at this current stage.  
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6.1.2 Episurf Medical AB 

Background of the interviewee and the company 

The participant from Episurf Medical AB was Aldrin Felicia, Medical Imaging Engineer & 

Bratt Ingrid, Project Leader. The interviewees both possess an academic background in 

biomedicine and engineering and have been employed by Episurf Medical for 2,5 and 3,5 years 

respectively. The company creates individually adapted implants based on MR scans, with a 

specialization with implants for knees. They adjust their production to what the market needs 

and wants, and right now there is a high demand for knee implants. Their customers are 

individual surgeons; thus, you cannot log on to their website and order an implant yourself. 

  

Technological Context 

The interviewees mentioned that they already work with AI and two of the core aspects of it, 

namely machine learning and deep learning. Both Aldrin and Bratt stated that AI is a big part 

of their business process and something that has benefited their company greatly. Without AI 

the company would not be able to create their product, and thus, AI is incorporated into the 

very core of Episurf Medicals organization. According to the interviewees, analysing a knee 

requires tremendous amounts of data, and all this data has to be handled and analyzed 

understandably. Therefore, AI is vital in the operations to process and make something valuable 

out of the data. Additionally, the two participants believed that there are numerous benefits of 

using AI.  

 

Organizational Context 

Episurf Medical remains competitive by being innovative and focuses a lot on quality 

improvements of their products and argues that quality enhancement is the most important to 

create trustworthiness. The company has highly competent people working in the organization 

in regard to knowledge and technological skills. As the very business idea of the company 

requires to have AI incorporated, the Episurf Medical have little choice but to dedicate financial 

assets, skills, knowledge, and other resources to maintain AI in the organization and thus 

competitive.  
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Environmental Context 

Their industry is reasonably new, not implants itself, but creating implants using 3D programs 

and scanners. The future of their industry was according to them highly reliant on AI to be 

more integrated into production to enhance efficiency and lower costs. The largest actors in 

their industry are too conservative and will not be picking up on these new emerging 

technological trends, and instead, they believe that there will be the smaller companies that are 

at the front edge of using and implementing this new technology. 

 

Bratt, Project Leader at Episurf Medical AB: “We'll see what the market wants in the future, 

for example, right now there are a lot of good treatments already for hips. So right now it's not 

a very good idea for us to get into that market, but the current, or most popular ways of treating 

a knee, aren't that good so that's why we're working in that market, but basically we can do it 

for any part of the body so if there is a shift in market demand towards for instance hips, we 

do have the technology ready for that“ 
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6.1.3 CM Hammar AB 

Background of the interviewee and the company 

The participant from CM Hammar AB was Håkan Skutberg, CEO. Skutberg has over 15 years 

of experience in the manufacturing industry. CM Hammar manufactures a hydrostatic release 

unit designed to be safe and reliable in all extreme conditions. These units are placed on ships 

and help to release the liferafts. CM Hammar today has 50 employees and annual revenue of 

approximately 90 million SEK.  

 

Technological Context 

In the company, the discussion about implementing AI into their production process has been 

lifted numerous times, but they are yet to conclude. They are actively searching for ways to 

implementing it into their business operations by attending fairs that focus on emerging 

technologies. Skutberg mentions that he sees patterns of increases in smart technologies when 

they purchase new machines. Skutberg firmly believes that new smart manufacturing tools and 

robots will vastly change the production process and mentions that robots will better notice 

faults or changes in their products due to them being so small, making the human eye not to 

prefer when controlling the product. However, Skutberg mentions that another important factor 

for the implementation of new technology is their certificates. Whenever they perform changes 

in their production, there are certificates that needs an update to achieve approval from their 

clients. Furthermore, Skutberg argues that within finance departments, AI will be standardized 

when it comes to accounting, account management, and several administrative tasks as well.   

 

Skutberg, CEO at CM Hammar AB: “If we look in the economic perspective where I have 

better knowledge, I believe AI will be standardized in accounting, account management, and 

several administrative areas as well“. 

 

Skutberg has also seen that there are numerous amounts of different finished AI programs that 

are arising (he did not mention any specific program) and that this would enable SMEs to afford 

and integrate AI into their businesses as well and not only the giants in the industry. 
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Organizational Context 

Skutberg continued by introducing some of their most important aspects when it comes to 

creating value for their customers as well as a competitive advantage. One thing was the fact 

that their customers hopefully never had to use their products, and therefore they would never 

get a chance to test them. He continues by saying that, since their customers only use CM 

Hammar’s products in an emergency, they rely on CM Hammar to deliver top quality products, 

and that CM Hammar needs to establish this by having a strong and reliable brand. Their 

mission is to create a strong brand and value by offering short delivery times, professional 

service, and if something would go wrong, they would need to take full responsibility for it to 

solve the situation. 

 

Environmental Context 

When their industry fully understands AI, he believes that it will be implemented in most 

companies, and at a rapid pace. Mentions costs and potential benefits as the main base for 

deciding whether or not to implement AI. Finally, Skutberg believes that implementing new 

technologies in general is high on his priority list and adapting to digitalization in particular. 
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6.1.4 Dynamic Precision AB 

Background of the interviewee and the company 

The participant from Dynamic Precision AB was Anders Gustafsson, sales manager. Anders 

has more than 34 years of experience in the manufacturing industry. Dynamic Precision 

operates within the electronic manufacturing industry, all the way from partaking in the 

construction of different objects to manufacturing and assembly of printed circuit boards. They 

create both the hardware for the printed circuit boards as well as the software. 

 

Technological Context 

Some of the technology that Dynamic Precision uses today is called an AOI, or Automated 

Optical Inspector, which is a machine that contains 17 cameras that take a multitude of different 

pictures from different angles on the printed circuit board, and then they teach the AOI what 

the printed circuit board is allowed and not allowed to look like. He mentions that there is some 

basic intelligence in this, as this sort of technology is commonly referred to as machine 

learning. He claims that the investment that was made in this AOI was costly but continues to 

say that this process is something that their competitors cannot do, and therefore views the AOI 

as a worthy investment. He continued by mentioning that they use cloud-based manufacturing 

as a part of their business process, where there is an ordering system for transport of the product 

where all the suppliers are connected and act in a cloud service. When asked about AI, 

Gustafsson says that he is quite knowledgeable within the topic, but mentions that they do not 

use as much AI in their business operations as they would have hoped to. However, an 

additional aspect of AI that Gustafsson believed to be an advantage was that it could allow 

companies to respond more rapidly to shifts in customer demands, although the AI used by 

Dynamic Precision perhaps does not contribute specifically to such an advantage. 

 

Organizational Context 

Gustafsson continues the interview by saying that the company works as a whole entity. This 

means that they can both produce their products but also deliver and partake in the logistics for 

the client. Gustafsson believes that they are not able to compete with the big logistics 

companies, but they can provide logistics and delivery for their customers so that they don't 

have to think about it. In addition, Dynamic Precision offers warehouse space, which 

Gustafsson believes creates a lot of value for their customers. Dynamic Precision may not be 

able to compete with their competitors through their prices, but instead, Gustafsson says that 
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they compete by bringing the most amount of value for their customers. The company has 

currently dedicated resources to R&D in an attempt to keep progressing.  

 

Environmental Context 

Gustafsson believes that automation optimization in Europe will continue and mentioned that 

Industry 4.0 will play a big part in their industry in the future and that efficiency improvement 

is a must. He continued by referring to the current AI technology the company has incorporated 

in the manufacturing process as something the company sees as the beginning of developing 

even further in terms of production. They want to be at the front edge of this new area, maybe 

not the leaders, but quite close behind the leaders. Finally, Gustafsson mentioned that they are 

trying to use the current technology that is present in the industry and work and develop 

themselves by using these technologies in order to stay in the game.  
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6.1.5 Jeltec AB 

Background of the interviewee and the company 

Jens Svenler, co-owner and head of sales at Jeltec AB was the participant for this interview. 

Svenler has been working with sales for the past 21 years. He has had many different positions 

within sales, but 4-5 years ago he became a co-owner in Jeltec. Jeltec is a manufacturing firm 

from Linköping that manufactures products for kindergartens, such as diaper changing tables, 

gates and storage solutions. Jeltecs’ changing table is arguably their most advanced product. 

The tables possess technology that allows it to go all the way down to the floor so the child can 

climb the table on its own. This technology was invented by Jeltec, and they were the only ones 

with that sort of technology for a long time. Since then, other companies have started using 

similar technologies. He mentioned their large variety of changing tables, approximately 420 

different models, as one of their primary competitive advantages.  

 

Technological Context 

Jeltec does not use any advanced technology in their manufacturing process, but Svenler stated 

that they use a 2D/3D program that they use to draw their products in and to illustrate them to 

their customers. He mentioned that this program is quite advanced and something that has 

helped them immensely. This program also allows customers, architects, and builders to 

download all their models to their computer, making their products easily accessible. Svenler 

mentioned that they have plans to purchase more technologically advanced machines in the 

future to aid them in their manufacturing process but argued that this was not a priority at the 

moment. Implementing technologies related to Industry 4.0 was not something that they had 

discussed and was sure that it would be too expensive at this stage. 

 

Organizational Context 

Svenler states that their management has not been enrolled in discussion regarding 

improvements in their technology at this stage because they have other priorities. One of the 

reasons Svenler mentions for this is the high costs associated with research and possible 

implementation of new technology. Furthermore, the employees in the manufacturing have not 

requested any further technical implementations, and hence, they have not recognized a need 

for it. 
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Environmental Context 

Svenler mentioned that few companies operate within their specific industry here in 

Scandinavia, perhaps a maximum of five to eight, making the competition relatively 

comfortable. Furthermore, Svenler believes that if larger corporations enrolled in this 

production, it would harm many of the participants of the industry, due to larger corporations’ 

competitive advantage associated with more significant resources.  
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6.1.6 Hjältevadshus AB 

Background of the interviewee and the company 

The authors of the thesis interviewed Esko Nykänen, Head of Production at Hjältevadshus AB. 

Nykänen has previous experience from "volume factories" that manufacture houses and 

apartments and has a background in engineering. Hjältevadshus build houses in a factory; they 

are building both villas and apartments. They create value for their customers by always 

following trends and being up to date with the latest in their industry. In addition, they strive 

to always have the highest quality on their houses and are also at the top on that list. 

 

Technological Context 

Nykänen was confident that the industry would benefit greatly from AI. Nykänen mentioned a 

few possibilities where Hjältevadshus could possibly benefit by using AI; new ways to control 

the heat and ventilation in the factory to reduce electricity costs, make forecasts about the 

weather outside so that they would not need to heat the factory overnight.  

 

Nykänen, Head of Production at Hjältevadshus AB: ”We will probably use ourselves more of 

AI within operation and maintenance, and maybe also marketing, but not so much in 

production.” 

 

Organizational Context 

According to Nykänen, Hjältevadshus has not yet taken any steps towards implementing AI 

due to time constraints, lack of financial resources and other things being higher up on their 

priority list. Nykänen believed that Hjältevadshus would not be the leader of the development 

towards the implementation of AI  
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Environmental Context 

Nykänen stated that when the industry arose in the 1970s, everything was manufactured and 

assembled manually, and that is still the case today, and he was stressed that he does not think 

that will change anytime soon. However, Nykänen mentioned that several larger companies in 

the industry have started to use new technology within the production process, where 

investment has been made in new “lines” (places where the manufacturing is being held”, a 

new type of inventory management, and robots helping the workers. 

 

Nykänen, Head of manufacturing, Hjältevadshus AB: “I am fairly confident that the 

construction industry will not be the leader of the development of this AI technology, but we 

will definitely observe and later follow in other competitor’s footsteps.” 
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6.1.7 Bustads Bryggeri AB 

Background of the interviewee and the company 

The participant in this interview was David Bustad, CEO of Bustads Bryggeri AB, which is a 

microbrewery located in the west of Sweden. Bustad had previous experience from working in 

other larger breweries organizations before he decided to start his own company, Bustads 

Bryggeri AB. The company has only been around since late 2018, and during Fridays and 

Saturdays, they also operate a restaurant at the brewery.  

 

Technological Context 

The production process involves measuring many different sensor values in their fermenters, 

and thus Bustad saw opportunities where AI could potentially benefit his production process. 

He mentioned that AI could help the company to keep track and stabilize all these different 

values because if these values go beyond what is normal, the entire brew could be destroyed,. 

However, besides that he did not see any benefits that AI could bring for them specifically. On 

the contrary, Bustad then argued that if they implemented these sorts of technology, it would 

maybe jeopardize their customer’s perception of their products being completely handmade.  

 

Organizational Context 

When asked about whether or not Bustad has had any thoughts about implementing more 

advanced technology into their production process, he responded by saying that it is just too 

costly at this stage. The company is quite young, and generally, the managers in the firm have 

a relatively low amount of knowledge and technical skills to implement any more advanced 

technologies. As a microbrewery, Bustad explained that he believed that a part of what makes 

their customer intrigued by their product is the idea of not drinking a beer that is mass produced. 

Thereby, implementing advanced technologies may be harmful for the company in terms of 

their relation to their customers.  

 

Environmental Context 

Bustad claimed, just as many other interviewees, that the industry that they operate in is quite 

conservative. Thus, he said that there are little or no technologically advanced tools within the 

industry. However, Bustad was quite sure that there is far more technology used by the giants 

in the beer industry, but that was also partly due to them working more with mass-production. 

Bustad did, however, feel that sooner or later the industry would adapt to new technologies, 
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something Bustad Bryggeri would eventually benefit greatly from in terms of efficiency and 

cost reduction, according to Bustad himself. 

 

David, CEO at Bustads Bryggeri AB: “Well, see it like this; The micro-brewing industry is 

viewed as an industry where everything is crafted by hand, and if we were to start implementing 

too much technology, it wouldn’t make sense anymore. Other companies such as Kopparbergs, 

however, who mass-produces their products, are surely working a lot more with advanced 

technology.” 
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6.1.8 Skandia Elevator AB 

Background of the interviewee and the company 

The interview with Skandia Elevator was conducted with Joakim Larsson, the CEO. The 

company was founded by Larsson’s grandfather and his brother in 1914. The company's 

mission is to manufacture machines used for harvesting by farmers. However, the farmers are 

Skandia Elevator's customers' customer, and thus, the company's actual customers are entities 

operating as intermediaries between them and the farmers. 

 

Technological Context 

The company’s production is already rather automatized, though in certain aspects of the 

production humans have to be a part of it, for instance in assembling of the parts for each of 

the machines. Skandia Elevator is confident that AI would increase the company's 

performance. When asked about any ideas the company might have to implement any advanced 

technology such as Artificial Intelligence into the production, Larsson answered that at this 

stage those kinds of technologies are too expensive, although the company had currently 

implemented other Industry 4.0 related technologies through their cloud solution in relation to 

the performance of their products. 

 

Larsson, CEO at Skandia Elevator AB: “Right now we do have cloud solutions implemented 

into our business, but it's not AI. We do have people hired who are examining how we could 

implement other sorts of Industry 4.0 technologies although right now, AI is much too 

expensive. Perhaps in a few years, we can start considering implementing specifically AI.” 

 

Organizational Context 

Right now, the related costs and the current lack of knowledge are the main obstacles to 

implement advanced technologies to a more significant degree. However, the company recently 

hired a technical engineer to start exploring the field of Industry 4.0 to a further extent and 

believed that in a few years the company might be able to implement AI into their operations, 

which they hope to do. Larsson mentioned that the top management was highly intrigued to 

keep investigating the possibilities of what AI and other Industry 4.0 related technologies may 

bring and that they had an apparent belief that how manufacturing is done will keep moving 

towards a more advanced stage. 
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Environmental Context 

Larsson proceeded by explaining how the company sees itself as a leader in the industry. For 

instance, no other company had come up with the idea to go directly to the farmers and 

implement a cloud solution similar to the one Skandia Elevator had implemented and thus, 

Larsson believed that staying on your toes and continuing to explore the options and 

possibilities to become even better is crucial to remain competitive. Additionally, Larsson 

explained that the idea behind the cloud solution was related to demand coming directly from 

the farmers. When looking to the future, Larsson explained that there will most likely be an 

increase of Industry 4.0 technologies and that AI will undoubtedly have an impact on this. The 

harvesting industry is already rather digitized, though Larsson believed that AI’s involvement 

will increase and become a major aspect of it. 
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6.1.9 Company Anonymous 

Background of the interviewee and the company 

Company Anonymous requested to remain anonymous in the published research. The 

interview was conducted together with the CEO and CFO of Company Anonymous. The 

company has 45 years of experience within their industry and their line of production consist 

of advanced technological equipment that is commonly used in the majority of manufacturing 

industries. 

 

Technological Context 

The CEO and CFO had shared opinions regarding implementation of AI, being that there are 

potential direct benefits of adopting the technology. However, they did not feel like the benefits 

are high enough that they feel an urge to implement it at this stage and they were uncertain if 

the technology was compatible with the existing technology in the production. 

 

Organizational Context 

The participants of the interview did not feel that implementing AI in their production was 

something that was of high priority for the organization. One of the reasons mentioned is the 

perception that the costs of implementing advanced technology are very high and that it is hard 

to forecast whether or not the benefits will exceed the costs. 

 

Environmental Context 

The participants reckon that in the future there will be plenty of AI within their industry, but 

more commonly used in the administrative operations compared to the producing operations. 

However, the participants believe that in the future, several of their clients might expect them 

to innovate their products with more AI technology that could benefit the customers' 

operations. 
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6.1.10 Härenviks Sweden AB 

Background of the interviewee and the company 

The interview was conducted with Bobby Grahn, Production Manager at Härenviks Sweden 

AB. Grahn has 20 years of experience in the manufacturing and producing industry. Härenviks 

offers services in four areas: Product development & construction, machining, prototype & 

model manufacturing and, fittings. 

 

Technological Context 

During a tour in Härenviks production facilities, Grahn demonstrates their machine parks and 

explains that most of the machines are highly advanced and that it is possible to update the 

machines with new software that allows the machine to utilize machine learning. The benefits 

associated with machine updates that Grahn mentions are related cost reductions, as eventually, 

they perceive the amount of humans’ errors could reduce their cost associated with machine 

malfunctions. 

 

Organizational Context 

Grahn states that the constant improvements in the technology used in their production 

operations are highly necessary for them to remain as productive and competitive as possible. 

Härenviks recognize the importance of maintaining their competitive advantage in their 

production through constant technology improvements. This is something that has been highly 

supported by the entire top management, including the CEO Thomas Adolfsson who, according 

to Grahn, is an individual with a great passion for technology and thus the culture in the 

company has developed to become rather accepting of technological advancements. However, 

Härenviks was currently finding themselves at a point where they have an understanding of 

which technologies and have dedicated resources to R&D, though at this point the costs of 

more advanced technologies may be much too costly. 

 

Environmental Context 

Grahn also mentions that they are not necessarily concerned about competition in terms of 

other suppliers. However, many of their clients could potentially stop outsourcing parts of their 

production to Härenviks and incept wholly owned production. Furthermore, Grahn mentioned 

that the company was mainly intrigued to explore technological expansions in their production 
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due to the failure detection and increased efficiency, but that their customers had no 

expectations of them to use technologies such as AI. 
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7. Analysis 

___________________________________________________________________________ 

The purpose of this chapter is to provide an analysis on the identified factors influencing the 

implementation AI in SMEs by contrasting and comparing ideas and data gathered from the 

empirical data as well as previous research. 

___________________________________________________________________________ 

7.1 Cross-case analysis 

The table defines and presents the conditions that were derived from the empirical findings 

from the interviews. As two out of ten companies interviewed had implemented AI into their 

production, themes have been derived on the basis of attempting to enlighten which factors 

ultimately results in manufacturing SMEs implementing AI. 

Table 1 – Cross-case analysis (Bigger picture in Appendix 2). 

7.1.1 The technology context 

Perceived Direct Benefits of Artificial Intelligence 

By observing the findings presented in the cases in this analysis, it is clear that efficiency is 

one of the main reasons why a manufacturing SME would consider implementing AI into their 

production. Efficiency is one of the critical aspects of Industry 4.0, and thus, it appears that 

Swedish manufacturing SMEs possesses an understanding of a shift in how to compete 

(Rüßmann et al. 2015). All of the interviewees saw direct benefits with implementing AI into 

their production. Efficiency was the main advantage that the interviewees mentioned as a 

possible improvement gained from AI, and something that they could use within order 
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processing and warehousing to name a few. On the contrary, CEOS and Bustads Bryggeri said 

that their industries were a bit too conservative, or that the acceptance of new emerging 

technologies was low. Therefore, they did not feel that the need was as present as the other 

companies did. The companies that did possess more significant and more technologically-

advanced machines all agreed that the implementation of AI could be of substantial value. 

However, all of those companies said that such an implementation would be far too costly for 

them at this stage, which has been argued by previous studies as well (Stentoft et al., 2019). 

Thus, it appears that the costs of adopting AI into manufacturing SMEs is the main reasons as 

to why these enterprises do not commit to such implementations. Five out of the ten companies 

had brought up the discussion of AI and looked into the possibilities, but three of the five had 

not come to any conclusion or chose to discard the discussions due to not seeing enough 

benefits or realizing that it would be too costly. Moreover, the two companies that had 

implemented AI into their manufacturing operations both argued that one of the advantages AI 

brought was their ability to handle immense amounts of data, which they believed would be 

crucial in the long-run. This correlates rather well as previous studies have argued that handling 

of Big Data is essential in Industry 4.0 and that it may be tremendously challenging to operate 

without this ability (Qi & Tao, 2018; Coleman et al. 2016).  

Perceived Indirect Benefits of Artificial Intelligence 

By contrast, the answers differed regarding the perceived indirect benefits of implementing AI 

compared to the direct benefits. For instance, Jeltec, Bustads Bryggeri, and Company A did 

not recognize any indirect benefits associated with the implementation of AI technology. 

However, although seven out of ten companies acknowledged indirect benefits, they were not 

as prominent compared to the direct benefits although there are examples of that, for instance, 

increased competitive advantage as has been previously discussed (Moeuf et al., 2018). 

Additionally, an interesting point is that the two companies that had implemented AI (Episurf 

Medical and Dynamic Precision) argued that one indirect benefit with adopting AI is the ability 

to respond to shifts in market demand. This correlates rather well with arguments that have 

been previously made in regard to requirements of flexibility in Industry 4.0 (Lasi et al., 2014). 
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Compatibility with Existing Technology 

Every company that was interviewed, apart from one, mentioned that their existing technology 

would be vastly improved by having AI implemented. Many of the companies believed that 

they have machines that are quite advanced technology-wise, but lacks that final touch, namely 

AI, or similar technology that would optimize their usage of their machines. Quite a few of the 

interviewees argued that they would need to improve/change some of their existing technology 

before implementing AI, but that they still had part of their machines or other tools that is 

compatible with the usage of AI. However, some of the companies believed that it would 

require an immense effort to make the existing machines that they use to cohere with AI, and 

thus believed that their current technology would be insufficient. Although, the companies 

were fairly convinced that their current technology would handle an AI implementation. 

7.1.2 The organizational context 

Existing technical skills among employees 

The main pattern found in this regard was that SMEs internal technical competences in the 

manufacturing industry differs greatly. At five of the companies interviewed there were 

relatively few employees, and thus, the technical expertise within these sorts of technologies 

was not present at such a large extent. The general consensus that emerged from these five 

participants that did not have existing technical personnel was that they did not see the urgent 

need for their companies to possess these sorts of skills. Another similarity was that the 

companies that did have employees with the technical expertise for implementing any Industry 

4.0 related technology had gotten quite far in their pursuit of it. Even though they had not 

implemented AI into their production, they did possess the technical skills. The very same 

argument has previously been made by studies which suggest that one of the struggles 

manufacturing SMEs face in technological implementations is the lack of technical resources 

or skills (Mahidhar et al., 2018; Stentoft et al., 2019).  

Readiness to allocate adequate financial resources 

The primary theme from the interviews in regard to financial allocation was that the companies 

who had employees and managerial skills necessary for more advanced technologies also had 

more financial resources allocated for R&D within technology. This may suggest that the 

enterprises' readiness to allocate financial resources to AI is highly dependent on the company's 

technical skills amongst employees. Interestingly, both these correlate to the findings amongst 
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previous studies (Rizos et al., 2016; Moeuf et al., 2018). A few of the interviewees mentioned 

how much, in percentage, that they had allocated in their budget, and the rest was not entirely 

sure or did not want to specify. However, for clarification, the amount of money allocated for 

this R&D was not just focused on AI, but on a lot of other technologies as well that they thought 

could benefit them in their manufacturing process. The companies who responded “No” on the 

question whether or not they had resources allocated also implied that the reason why was often 

lack of resources, but that they wanted (for the most part) to allocate financial resources to this 

matter in the near future. Previous studies have found similar patterns that suggests that lack of 

financial resources is one of the primary reasons why SMEs might struggle to pursue 

implementations of AI or other Industry 4.0 related technologies (Stentoft et al., 2019).   

Top Management Support 

Regarding the aspect of whether the top management at the companies supported exploration 

and possible implementations of AI, the answers differed quite vastly. Because all of the 

interviews were conducted with people in the company’s top-level management, the insights 

to the extent of the support were clear. One finding in this regard was that top management was 

relatively supportive of examining how AI could or already did contribute to their production. 

Six out of ten interviewees stated that the top managers of their companies were keen on 

keeping their production up to date and thus encouraged the dedication of resources to explore 

any possible implementations of newer technology. Two of the companies already had AI 

implemented to their production, two were currently exploring the possibilities and currently 

believed that the only reason for why they had not gotten further was due to the highly required 

financial resources. Additionally, two companies believed that the top management did support 

exploration of AI implementation, though they wished to remain careful due to lack of 

insightful knowledge into what it could contribute to. Industry 4.0, especially AI, requires 

management skills in regard to technology (Lee et al., 2014).  
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7.1.3 The environmental context 

The perceived threats from competitors 

The answers regarding perceived threats from competitors tended to differ exceedingly from 

the previous technological context-section. Only two out of the ten interviewed companies 

believed that there was a direct threat from other competitors within their industry. What this 

means is that the companies were asked whether or not they perceive a risk of "falling behind" 

due to their competitors already starting to/are done with implementing AI or similar 

technologies to increase their efficiency, revenue or other parts of their business operations. 

The other eight companies that did not recognize any threats gave the argument that they either 

do not believe that such technologies are currently present within their industry, or, that if there 

was a threat it came from far bigger competitors that were far above their level. As previous 

studies suggest that there is great danger in not acting upon technological changes, it is 

interesting that the Swedish Manufacturing SMEs tended to do so (Mahidhar & Davenport, 

2018). However, it may not be as great of a risk for Swedish Manufacturing SMEs to do so, 

since the fact that their competitors in the same industry are not operating with AI in their 

manufacturing.  

Pressure from Business Partners and the Industry 

Patterns that were recognized regarding the perceived threat from competitors was very similar 

to the observations concerning pressure from business partners and the industry. By observing 

the case of Dynamic Precision, who is manufacturing printed circuit boards as one of their main 

products, one can obtain an illustration of this scenario. Because Dynamic Precision utilizes a 

lot of technology, and so does their competitors, there is always pressure from the industry as 

a whole, as well as from business partners to continuously innovate and create new ways of 

using themselves of new technology or optimize the usage of their current machines. The 

company also mentioned this as one of the main things that they do to remain competitive in 

their industry and to avoid losing their competitiveness. Conversely, companies such as 

Hjältevadshus or Bustads Bryggeri, who operates in industries where the thought of using more 

technology has only recently emerged, considered that there was absolutely no pressure from 

business partners nor the industry as a whole.  
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Customer Expectations 

Expectations from customers were uncommon for most of the interviewees. Only Episurf 

Medical and Skandia Elevator named this as something influential in their decision whether or 

not to implement new technologies. The remaining companies had little or no perception about 

their customers having any expectations regarding usage of Industry 4.0 related technologies. 

The representatives of Episurf Medical explained that their usage of AI is vital to deliver what 

their customers are buying. The participants of Episurf Medical, as well as Dynamic Precision, 

argued that another main reason as to why AI was implemented into their manufacturing was 

the increased ability to respond to shifts in customer demand, which correlates to the arguments 

made by previous studies (Lasi et al., 2014). 

7.2 Summary of the factors and analysis of SMEs potential 

readiness to implement AI technology 

With the findings from the empirical data, the authors of this thesis argue that with regards to 

the technological context, all companies in the sample were ready to implement AI technology. 

This argument is supported by the fact that all companies did perceive benefits from the 

technology, all except one believed that the technology would be compatible with the 

technology they use at this stage and seven of the ten interviewed companies found indirect 

benefits. With regards to the organizational context, the authors acknowledge differences 

between the companies whereas half the sample did not possess the technological skills 

required within the organization to initiate a process of AI implementation.  

 

With the findings from the organizational context, one can see an interesting finding, being that 

there is a clear correlation between the factors “Existing technical skills among employees” 

and “Readiness to allocate adequate financial resources” in the sample of this study. The 

majority of the companies stated that they had support from the top management to adopt 

innovative technology and to some extent possesses technical expertise inside their 

organization. However, due to the requirements of financial commitment, half of the companies 

were not ready to allocate adequate financial resources or doing so scarcely in terms of financial 

results, entailing in that they believed that AI would be too costly and would, therefore, prefer 

to wait. Hence, the authors argue that if and when the technology becomes available at a lower 

cost, more companies will feel ready to implement the technology.  
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Out of the three different contexts, the findings from environmental context suggest that factors 

influencing the adoption of new technology are absent to a quite large extent. One theme 

derived was that the companies that have not implemented AI act as followers rather than 

leaders, and with no pressure from the competitors or business partners, they may potentially 

feel no need to adopt AI. The risk, however, is that  being a follower means that the probability 

of falling into a position that is close to impossible to return from increases  (Mahidhar & 

Davenport, 2018). Another observation is that only two company had considered 

implementations due to expectations from their customer. Based on the literature, one might 

argue this phenomenon appears because the sample consists of solely producing companies 

and not service companies, whereas service companies are expected to have a stronger 

relationship with their clients (Zhu et al., 2004). As mentioned, the literature suggests that 

perceived threat from the competition, pressure from business partners and the industry, and, 

expectations from the customers are the environmental factors that push companies towards 

adoption of innovative technology (Kuan & Chau, 2001; Iyer & Bejou, 2003). Therefore, based 

on the findings in this study’s sample, the authors argue that an increase in competitiveness is 

necessary to increase manufacturing Swedish SME’s readiness to implement AI technologies. 

This, since the only companies that currently have AI implemented into their production are 

the ones that do experience influences from the external environment, although they are a 

minority.  
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8. Conclusion 

___________________________________________________________________________ 

The purpose of this chapter is to provide the reader with a conclusion of the topic of factors 

influencing the organization’s readiness to implement AI and how ready the Swedish SMEs 

are at this stage. 

___________________________________________________________________________ 

The purpose of this study was to examine if the Swedish manufacturing SMEs are prepared for 

Industry 4.0 from the perspective of AI. To find an answer to the research question the authors 

first performed a literature review to obtain an understanding of the phenomena of Artificial 

Intelligence, and what the implementation process of new technologies looks like in 

organizations. The revised TOE framework by Racherla and Hu (2008) was adapted with some 

limitations to work as guidance in the research and analysis of the empirical findings. Once the 

authors had developed an understanding of the subject, they performed qualitative research 

which involved semi structured interviews with ten different manufacturing SMEs in Sweden. 

Once the authors had obtained answers from the companies, the results were analyzed with 

assistance from the literature and themes, similarities and differences were derived. Finally, the 

authors were able to apply the revised TOE framework on the field of study based on the 

findings and support from previous literature and thus extend the framework from the 

conducted interviews. 

● The technological context: perceived direct benefits, perceived indirect benefits, and, 

compatibility with existing technology. 

● The organizational context: existing technical skills within the organization, readiness 

to allocate adequate financial resources, and, support from the top management 

● The environmental context: pressure from competitors, pressure from business 

partners, and, expectations from customers. 

Out of the ten interviewed companies, there were only two who had successfully implemented 

AI, and the findings suggest that these companies were under the influence of all the factors 

presented in the proposed theoretical framework, although one of them did not experience any 

customer expectations in regard to AI implementation. To validate the developed framework, 

it would require testing in future research against a much larger sample size consisting of a 

combination of companies that had AI technology implemented and actively utilized, as well 

as companies that have not successfully implemented AI technology.  
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9. Discussion 

___________________________________________________________________________ 

The purpose of this chapter is to discuss the empirical findings and the analysis of the factors 

which are argued to be influencing organizations readiness to implement AI technologies, and 

also, the Swedish SMEs readiness to implement the technology based on the factors. This 

chapter also provides suggestions for future research. 

___________________________________________________________________________ 

The implementation of advanced technology is a complex process that has to be carefully 

analyzed prior to initiation. The internal factors influencing the process are related to 

organizational readiness and the technology. If the organization is not able to perceive any 

benefits with the new technology, the organization will never initiate the adoption. Once 

benefits are recognized, it is crucial that the project has support from the top-level management, 

the organization possesses technical expertise and is ready to allocate the required financial 

resources. The external factors influencing the process are related to pressure from the 

competitors, the business partners, and expectations from the customers. However, in the 

context of external factors, the majority of Swedish manufacturing SMEs do not experience 

influences from them. However, the companies that do experience these influences have taken 

the step to implement AI in their production.  

 

The internal reasons observed to why organizations are not ready to implement AI technology 

is due to the economic disadvantage many SMEs suffer coupled with a lack of technical 

expertise. On the contrary, all companies observed were able to identify the potential benefits 

associated with AI technology. 

 

The authors’ conclusion to the current situation faced by manufacturing Swedish SMEs is an 

ongoing state where all of the companies observed can perceive potential benefits through the 

implementation of AI technology. Furthermore, nine of the ten companies utilize machinery or 

some technology that would be compatible with AI technology. Hence, the companies are 

ready for the implementation of AI with regards to the technological context proposed in the 

framework. However, when the authors analyzed the organizational contexts, it was observed 

that only half of the companies had the technical skills that are believed to be necessary within 

the organization, and only half of the companies were ready to allocate the financial resources 

required. Likewise, only half of the companies possessed support from the top-level 
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management to initiate implementation of AI technology. Finally, the authors identified the 

environmental context as one of the key reasons why most companies maybe observe but then 

decide not to initiate the process of AI implementation. The only company in the sample which 

has AI implement and actively utilized is Episurf Medical, which also is the only company that 

experienced pressure from their competitors, business partners, and customers, and thus being 

the only company influenced by the environmental factors.  

 

Based on the empirical observations from the sample of this study and support from previous 

research, the authors hypothesize that the majority of manufacturing SMEs in Sweden are not 

ready to compete in Industry 4.0 from the perspective of Artificial Intelligence. 

9.1 Limitations 

A limitation that was discovered during the research by the authors was the potential 

translational errors that could occur throughout the translation of the interviews from Swedish 

to English. Secondly, since this topic within manufacturing, namely AI implementation, is a 

quite new phenomenon, there were some constraints regarding previous studies and academic 

journals that had focused on Swedish SMEs and their readiness for Industry 4.0. Thirdly, 

although the majority of the interviews were conducted face-to-face, three of the interviews 

were conducted via Skype. This led to missed factors such as personal connection and body 

language being absent. These limitations have throughout the process been taken into 

consideration when writing this thesis.  
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9.2 Suggestion for Future Research 

For future research, the authors suggest studies concerning potential subsidies from the 

government or other government regulations that would ease the process for SMEs to 

implement enhancing technologies to be more thoroughly researched and explored. To clarify, 

the overall knowledge about costs, processes and other ambiguous aspects of implementing AI, 

or other technologies from Industry 4.0 needs to be further clarified. Because the majority of 

the companies interviewed were not ready to allocate the required finances for AI 

implementation, the authors suggest that economic subsidies possibilities from the government 

should be investigated further so that companies considering implementing AI into their 

business could increase their chances of successfully implementing AI.  

 

Future studies should also focus on SMEs that are observing other companies, or scrutinize 

whether or not it is the right time for them to enforce a new and advanced technology into their 

business operations, and to make it more clear what aspects and factors need to be “in place” 

in order to ensure that the implementation process goes along smoothly and successfully.  

 

What’s more, general understanding of what Sweden as a country could do to help SMEs 

develop themselves further could be a worthy research investment.  

 

Finally, a final suggestion for future research is that the author’s proposed framework is tested 

on a larger sample of companies. The companies in the sample should be both companies that 

have already implemented AI and those who have not yet implemented it. This is mainly 

because the proposed framework should be tested on a larger scale in order to decrease the risk 

sampling errors. 
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11. Appendix 

11.1 - Interview Questions 

Questions for the background of the person and company 

• Who are you and could you please tell us a bit about your background? 
• How did you end up working at this company?  
• What does your company do? 
• How does your company create value for your customers, both in terms of products and 

internal operations? 
• How do you work to remain competitive? 

Questions for organizational context 

• Is implementation of technology that could potentially increase your efficiency 
something that is prioritized by the top-level management? 

• Do you believe your organization is able to allocate the required financial capital for 
the implementation of new technology? 

• In the case of technology implementations, who in the organization is responsible for 
the process? 

Questions for technology context 

• How much technology do you use in your manufacturing process?  
• Do you believe there are potential benefits for your organization by implementing new 

technologies and if so, what kind of benefits do you perceive? 
• Do you know what Artificial Intelligence is? 
• Have you considered to implement AI into your business? 
• Do you believe that AI could increase your company’s performance and in what way? 
• Have you taken any steps towards the implementation and if so, what have you done so 

far? 

Questions for the environmental context 

• Do you experience pressure from competition in your industry? 
• Is AI something that is discussed with your business partners? 
• In your opinion, what does the future look like in your industry? 
• Do you think that AI will influence the industry’s future and if so, in what way? 
• Do you notice any technological trends in your industry? 

Round up questions 

• Is there any thought that came to your mind during this interview which you would like 
to add to our research? 

• Do you and your company wish to remain anonymous? 
• Do you wish to review the material covered before publication? 
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11.2 – Cross-case analysis 

 


