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Abstract 
Every day, more and more devices are getting connected to the Internet and becoming what we 

know as the Internet of Things (IoT). In both commercial and industrial context, IoT plays a 

significant role in enabling automatisation and connectivity. For companies that want to 

become the innovation leader in their branch of industry, IoT is a useful method to gain 

competitive advantage where automatisation, predictive maintenance and connectivity can 

improve company’s performance. However, no research have been done from the perspective 

of an IoT-provider. How they can fully harness the power of IoT when they adopt it for their 

existing products or services? This study aim to investigate how a theoretical model would look 

like with the performance impact in focus when an innovation-driven company adopt IoT on 

their existing products. The research is conducted with a case study of a Swedish company in 

the heavy industry sector, which has successfully adapted IoT into their products. The empirical 

data was collected through documentation review and interview. This study results in a 

conceptual model that contains crucial factors which needs to be taken into consideration when 

adopting IoT. However, further research needs to be done, in order to verify this model as well 

as to be able to generalise the findings to cover innovation adoption in general.  
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1. Background 
Every day where more and more things are getting connected to the Internet. Due to the 

exponential growth of both applications and connected devices. Mukhopadhyay (2014) points 

out that IoT has the potential to replace humans as both the largest consumer and producer of 

information on the Internet. The amount of Internet traffic will be 92 times more than in 2005, 

and the amount of M2M connections will be more than 12 billion by 2020, which is more than 

twice of connected devices in 2015 (Gemalto, 2016). According to the authors, the Internet can 

be used to transmit the sensing data collected from different devices, making the Internet of 

Things to be feasible. Eventually, every device with embedded intelligence in this world will 

be connected to each other via the Internet. Abdul-Qawy et al. (2015) state that the acceleration 

of wireless communication trends encourage the growing innovation in Internet connectivity, 

Cisco (2015) predict that more than 66% of global Internet traffic will come from wireless 

devices. Infrastructureless communication devices become more ubiquitous, powerful, 

connectible, and easy to deploy and install IoT devices.  
 

1.1 Definition of Internet of Things 
The definition of Internet of Things is still under debate, and there is a lack of a standard 

definition due to the infancy of its research. (Amadeo et al., 2016; Atzori, Iera & Morabito, 

2010; Misra et al., 2017) The term “Internet of Things” was however proposed by Kelvin 

Ashton in 1999, but it was further developed to the concept of “Internet of things” by MIT. The 

concept is all about how to connect physical things and let them talk to each other. IoT is used 

to describe embedded devices (things) with Internet connectivity, allowing them to interact 

with each other, services, and people on a global scale.   The term things in the sense of internet 

of things incorporate both machine-to-machine communications and person-to-machine 

communications. (Mukhopadhyay, 2014) The connectivity of IoT emphasis “any-time, any-

place” for “any-thing” (Coetzee and Eksteen, 2011). Ma (2011) writes that the main aim is to 

enable interaction and integration of the physical world and the cyberspace without human 

interventions. The author also states that “Based on the traditional information carriers 

including the Internet, telecommunication network and so on, Internet of Things (IoT) is a 

network that interconnects ordinary physical objects with the identifiable addresses, so that 

provides intelligent services.”(Ma, 2011, p. 920). Botterman (2009) suggested a definition as 

“a worldwide network of interconnected objects uniquely addressable, based on standard 

communication protocols.” However, Abdul-Qawy et al. (2015) have a complementary opinion 

about IoT based on Ma (2011) and Botterman (2009)´s definition of IoT which is:  
 

“The true value of IoT is in its ability to connect a variety of heterogeneous devices including everyday 

existing objects, embedded intelligent sensors, context-aware computations, traditional computing 

networks and smart objects that differ in their design, systems, protocols, intelligence, applications, 

vendors, and sizes. These entities can communicate and integrate with each other to collect, generate, 

process, and exchange data through applications and management systems residing on data centers or 

network clouds.” (Abdul-Qawy et al., 2015, p.71) 
 

Misra et al. (2017) state that there is a main research consensus that acknowledges IoT has a 

primary role in providing access to services and information offered by billions of 

heterogeneous “things,” both resource-constrained and powerful “things”, includes everyday 

life objects in an interoperable way. Rayes and Salam (2017) write that the purpose of the 

Internet of Things is to be able to connect anything and everything over the internet. These 

connections are not only to gather data but can also be physical and allow control of the object. 

This gives the possibility to monitor and control the connected devices via the internet. 

Therefore, the authors suggest with a definition of IoT as “The network of things, with device 

identification, embedded intelligence, and sensing and acting capabilities, connecting people 

and things over the Internet.”Misra et al. (2017) envisioned IoT development could contribute 

to a world where all electronic devices are networked, and every object whether it is physical 
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or electronic are tagged and connected, enabling all physical objects to act as nodes in a 

connected, networked physical world.  
 

IoT is also defined by the International Telecommunication Union (ITU) as “A global 

infrastructure for the Information Society, enabling advanced services by interconnecting 

physical and virtual things based on, existing and evolving, interoperable information and 

communication technologies.” (ITU, 2012). 
 

 

 

Towards definitions of IoT Authors Keywords & Terms 

“The term Internet of things (IoT) is used to describe 

embedded devices (things) with Internet connectivity, 

allowing them to interact with each other, services, and 

people on a global scale.” 
 

Mukhopadhyay 

(2014, p.1) 
embedded devices; internet 

connectivity; interact; 

“A worldwide network of interconnected objects uniquely 

addressable, based on standard communication protocols.” 
Botterman 

(2009) 
network; interconnected 

objects; addressable; 

standard communication 

protocols 

“Based on the traditional information carriers including the 

Internet, telecommunication network and so on, Internet of 

Things (IoT) is a network that interconnects ordinary 

physical objects with the identifiable addresses so that 

provides intelligent services.” 

Ma (2011, p. 

920) 
interconnects ordinary 

physical objects; 

identifiable addresses; 

intelligent services 

“IoT is the network of things, with device identification, 

embedded intelligence, and sensing and acting capabilities, 

connecting people and things over the Internet.” 

Rayes and Salam 

(2017, p.4) 
network of things; device 

identification; embedded 

intelligence; connecting 

people and things;  

“However, the true value of IoT is in its ability to connect a 

variety of heterogeneous devices including everyday existing 

objects, embedded intelligent sensors, context-aware 

computations, traditional computing networks and smart 

objects that differ in their design, systems, protocols, 

intelligence, applications, vendors, and sizes. These entities 

are able to communicate and integrate with each others to 

collect, generate, process, and exchange data through 

applications and management systems residing on data 

centers or network clouds.”  

 Abdul-Qawy et 

al. (2015, p.71)  
connect heterogeneous 

devices; everyday objects; 

embedded intelligent 

sensors; smart objects; 

communicate and 

integrate; 

“A global infrastructure for the Information Society, 

enabling advanced services by interconnecting physical and 

virtual things based on, existing and evolving, interoperable 

information and communication technologies.” 

ITU (2012, p. 1) interconnecting physical 

and virtual things; 

 

Table 1. Shows various definitions of IoT  
 

Due to the lack of a standard definition of IoT (Amadeo et al., 2016; Atzori, Iera & Morabito, 

2010; Misra et al., 2017), this paper will proceed from a definition of IoT which summarises 

different authors definition of IoT: Things with Embedded intelligence that are uniquely 

identifiable, interconnected through internet, that are able to communicate and integrate with 

each other, services and people. (See figure 1.) The term Things includes daily objects, people, 

and machines that integrates and communicates with each other. The Internet acts as the 

medium that links these things together. The intelligence of the things refers to the ability 
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through which, embedded sensors and processes, can collect and generate data and exchange 

these data with each other and users.     
 

 

  
Figure 1. Conceptual model of IoT 

 

1.2 History of IoT 
Machine to Machine (M2M) is a precursor to IoT, which is a broad term that refers to 

innovations and technologies that allows homogenous devices to connect and interact with 

other devices. Abdul-Qawy et al. (2015) listed three key technological factors for M2M: (i) 

industrial machines and home appliances embedded with powerful but low-cost processing 

units; (ii) integration of the Internet as a standardized distribution protocol/network, and (iii) 

the declining of wireless technology prices. These factors provide a good innovation foundation 

for IoT development, and the amount of internet connected things would reach to 25 billion by 

2020 according to Gartner forecasts.  
 

De Cremer, Nguyen and Simkin (2017)´s perspective of IoT includes various kinds of devices 

(things) that are highly connected to each other. These devices can be sensors, actuators, RFID 

(Radio Frequency Identification devices) tags, smartphones or backend servers which serves 

different functionalities. Due to the nature of IoT and its variety, the authors state that recent 

research efforts have been focusing on the design, application, and adaptation of standard 

Internet protocols for IoT devices. In addition, as more and more IoT devices are being 

deployed into the consumers market, attention associated with security, privacy and trust have 

been raised, and more research around these challenges have been initiated.  
 

Due to the possibility of collecting data, connecting traditional “things” with each other for 

data exchange etc., more and more organisations start to exploit IoT to improve their business 

performance. The integration of IoT into manufacturing or industrial processes is called the 

Industrial Internet of Things (IIoT). IIoT collects and exchange data through various sensors 

on various industrial equipment and devices that are used for the manufacturing process. IIoT 

provides a real-time view of the manufacturing process and operational conditions. In 

increasing utilization of IoT or IIoT in recent years has made predictive maintenance possible 

for many organisations and the number of connected factory equipment will expect to reach 

over 38 billion by 2020, up from 13.5 billion in 2015(Bumblauskas et al., 2017). 
 

According to Mukhopadhyay (2014) the concept of IoT is now being influenced strongly by 

developments in computing and network ubiquity as well as the next-generation Internet. New 

emerging technologies like RFID sensor technologies, smart things, nanotechnology and 

miniaturisation will drive the future development of IoT.  
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The development of IoT has had a full speed ahead during the last decades, the definition of 

IoT has also changed from only covering machine to machine communication to border 

definition where includes “any-things” at “any-time” and “any-place”. The possibilities of IoT 

and related technologies have simultaneously extended to different field such as the consumers 

market thanks to the new technologies such as RFID. A more precise term such as IIoT has 

also emerged to specific the usage of IoT in different domains.     

 

1.3 Previous studies 
There have been immense research interest in IoT technologies and its future development. 

Many studies have been made on IoT´s future challenges and opportunities (Mukhopadhyay, 

2014; Rose, Eldridge and Chapin, 2015). Other researchers have suggested a common 

architecture for IoT technologies with three different layers. Research have also been done 

about how to exploit the potential of IoT in the industrial domains (Borgia, 2014). This can be 

an interesting direction for the further studies to examine underlying problems and find new 

development directions for IoT technologies. In this section, diverse research domains and 

categories of IoT will be presented, along with a summarise of some important finding domains 

in the research of IoT and present the research gap in the current studies. 
            

1.3.1 The Technology 

There have been several studies conducted looking at the technological aspects of IoT. A lot of 

this research focus on the enabling technologies for IoT products and services. Atzori, Iera and 

Morabito (2010) divide IoT into three layers, (i) Identification, sensing and communications 

technologies, (ii) Middleware and (iii) Applications. In the first layer, the authors put 

technologies such as RFID tags and WSN (Wireless sensor network). Sensor networks play a 

crucial role for IoT, enabling automatic data collection and sensing. The middleware layer is 

the software layer, and it is interposed between the technological and the application levels. 

This layer handles the connection and communication between different things and programs. 

The use of common interfaces and standard protocols gives a horizontal view of the system. 

The last layer is the Application layer which is the top of the architecture and has the 

responsibility to export the system functionality to the final user. Lee, I and Lee, K, (2015) on 

the other hand lists five technologies used in successful IoT products and services: (i) RFID, 

(ii) WSN, (iii) Middleware (iv) Cloud computing and (v) IoT application software.  
 

Borgia (2014) argues for a collection phase, a transmission phase, and a processing, managing 

and utilisation phase. Each phase is defined by different technologies and protocols, which have 

different purposes and functionalities. The Collection phase often refers to the phase where 

connected things start to sense the physical environment, collect and process the real-time data. 

Technologies such as RFID and sensors enable the identification of physical objects in the 

environment, while wireless technologies such as Bluetooth and NFC (Near Field 

Communication) are responsible for the data collection. The second phase is the Transmission 

phase which includes processes to transfer the collected data to applications and different 

external servers. The last phase is the Processing, management and utilisation phase. Here data 

is sent forward to the applications and servers, data processing is managed, and information 

flows are analysed. It also handles device management, data filtering, semantic analysis and 

information utilisation.  
 

The development and formation of IoT technologies are dependent on the development of 

Wireless Sensor Networks (WSN) and RFID. The wireless devices offer many advantages such 

as cost, flexibility and power options, which are critical for IoT technologies in terms of 

practical deployment of IoT devices. But Mukhopadhyay (2014) also points out that some 

technological challenges need to be solved within WSN devices such as how to deal with the 

cost-effective factors, availability of Internet and sustainability aspect concerning the E-waste 

that will be produced by the increasing amount of IoT devices. 
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Borgia (2014) points out that IoT technology will go through an inevitable evolution in the 

network infrastructure: Where the currently used vertical approach that cost unnecessary 

redundancy, and high cost due to IoT applications do not share features of managing services 

and network. Will eventually be replaced by a more flexible and horizontal approach: a 

common operational platform that manages the network and the services, and will abstract 

across different sources of data to enable IoT applications to work properly. All the three phases 

of IoT mentioned above will consist shared infrastructure, environment and network elements 

and a common service platform. 
 

1.3.2 The use of IoT 

Several studies have looked at the use of IoT in industries also known as Industrial Internet of 

Things (IIoT) and the value that IoT can bring to organisations. Borgia (2014) summarised the 

use of IoT in the application domain, emphasising that IoT technology has a huge potential to 

develop new intelligent applications in almost every domain. The applications of IoT are 

divided in three major domains: (i) Industrial domain, (ii) Smart city domain, and (iii) Health 

well-being domain. Although each application domain has distinguishing characteristics, they 

are not entirely isolated from each other, but partially overlapped due to some of IoT 

applications are shared between domains. 
 

Rayes and Salam (2017) reveal that IoT devices can sense our environment and communicate 

with us or each other to take action. This has the ability to help us both on a personal-, business 

and societal level. On a personal level, it can give us the ability to do things such as health 

monitoring, monitor our home when we are away, start our car with an application on the phone 

and much more. For businesses, IoT can help to collect massive amounts of data, streamline 

business processes or take action when something goes wrong or even before. IoT can also help 

with things such as manage smart cities, make the traffic run more smoothly. Research have 

also been conducted on categorisation of different types of IoT applications and how these may 

bring value to organisations. I, Lee and K, Lee (2015) identifies three category types for IoT 

solutions in enterprises; monitoring and control, big data and business analytics, and 

information sharing and collaboration. IoT technologies can be used in different industrial 

activities to reap benefits. 
 

Mukhopadhyay (2014) points out in their research that some of the business leaders are very 

positive about applying IoT technologies in their business contexts. 30% of business leaders 

feel that the use of IoT technologies will open new revenue opportunities, while 29% respective 

23% believe that it will inspire new working practices and eventually change the model of how 

they operate. Business segments that are most likely undergoing positive changes perceived by 

the business leaders are customer service/support, products or services, data management & 

analysis and supply chain management. Besides the overall positive expectation on IoT 

technologies, there are also few concerns that companies have on IoT, some of the most 

recognisable concerns according to the authors are: the lack of employee skills/knowledge; 

products or services that don't have an obvious IoT element to them and immaturity of IoT 

standardisations. 
 

The industry sector is going through some significant changes, and we see the start of the 

industry 4.0. According to Gilchrist (2016) the concept of industry 4.0 has its origins in the 

German manufacturing sector and is often described as the fourth industrial revolution. The 

first industrial revolution being mechanisation, the second electricity and third IT. Industry 4.0 

refers to the way the industry sector will adopt new technologies connected to the internet, such 

as IoT and the internet of services. Hermann et al. (2015) argue that the industry 4.0 consists 

of for main concepts, Cyber-Physical systems, Internet of services, smart factories and IoT. 
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Parpala and Iacob (2017) state that at first, IoT technology was deployed mainly on commercial 

products such as refrigerators, washing machines and small devices for smart homes. Later as 

the concept and technology evolved, many companies are now trying to implement IoT-

technology into their modern manufacturing systems. Authors suggest that IoT can provide 

excellent support for predictive maintenance system such as send out usage alert before the 

actual errors occur. As IoT-technology can integrate information from different machines and 

manufacturing systems. Dhall and Solanki (2017) suggest a similar use of IoT-technology in 

the automobile industry. By monitoring and analysing the information captured from various 

connected devices embedded in the cars or other vehicles, the data being shared with backend 

applications can be about the location or speed of the vehicle, status of various parts and gear 

of the vehicle. According to the authors, various workflows can be created at the backend of 

the application and evaluate rather it is necessary to take any maintenance. Predictive car 

maintenance is one of the domains where IoT-technology can contribute to the automobile 

industry.  
 

Borgia (2014) listed both commercial and financial activities between organisations, such 

indicative examples can be logistics, manufacturing, monitoring of processes, service sector, 

banking, etc. One of the relevant examples of IoT technologies in use of the industrial domain 

is to enhance the logistics and supply chain management performance. By using technologies 

such as RFID which can be attached to objects to identify materials and goods provided by the 

company, this can be used to improve the efficiency in warehouses and retails, provide a real-

time, accurate inventory status. With some more advanced and integrated IoT systems, can 

contribute to monitor the production process, and allow to monitor the entire supply chain. 

Another benefit IoT can offer according to Borgia (2014) is the ability to automate part of 

business processes. In the automotive industry, everything can be monitored by specific 

sensors. The sensed data will later be transferred to a centre system for further analysis.  
 

Atzori, Iera and Morabito (2010) suggest that IoT sensing technologies such as RFID tags can 

be used to monitor objects in real-time, which eliminate the need for a human worker to monitor 

the objects. This also allows the mapping of the real world into a digital virtual world. Hence, 

IoT-technologies can be used in a wide range of application scenarios. Bumblauskas et al. 

(2017) claim that the increase of sensors and evolved IoT-technologies or IIoT (Industrial IoT), 

has surged in the last decades and made predictive maintenance possible.  
 

I, Lee and K, Lee (2015) have researched the economic perspective of IoT and which economic 

evaluative model companies should use to decide if they want to invest in IoT or not. The 

authors find that the economic investment model that should be used in case of IoT investments 

are a real options model. This is due to a couple of factors when it comes to IoT investments. 

One is that this kind of investments tends to have a high degree of risk and uncertainty involved. 

Another one being the fact that the benefits of IT-systems often cannot be seen directly in the 

balance sheets.     
 

In conclusion, IoT as a research topic has surged in the last years, and at the same time, it is 

becoming an ever more important part of our daily lives. Some technical theories such as the 

Three phrase architecture (Atzori, Iera & Morabito, 2010; Borgia, 2014), for the regulation and 

more efficiently use of IoT devices. I, Lee and K, Lee (2015) identified three category domains 

where IoT can contribute to the enterprise's business processes. While Mukhopadhyay 

(2014)  looks at the challenges and concerns business leaders have. Many research has stated 

the evolving IoT-technologies has promoted the possibilities of IoT in industrial use. IoT 

sensors and the wireless network made it possible to monitor and collect data which can 

improve for example industrial manufacturing and predictive maintenance in different 

industrial domains. 
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Hence we can conclude that IoT has not only found its way into our personal lives, but 

companies have also started to adopt the technology in various parts of their business processes. 

IoT presents an immense opportunity for companies that are successful in their IoT investment, 

but at the same time, they face several challenges to be able to reap the benefits of this disruptive 

technology. Researchers have looked at many key areas for a successful IoT investment, such 

as different types of IoT applications, technical aspects and economic evaluation models. 

However, most of the research and findings are based on the perspective of companies which 

deploys IoT to increase their performance outputs such as increase productivities or 

maintenance improvement, yet too few or none research is based on the perspective of IoT-

providers or companies that intend to deploy IoT on their existing products or services.   
 

1.4 Problem 
The literature review of previous studies has proven the different area of application of IoT 

beyond the commercial products. Many research has pointed out by deploying IoT into their 

existing manufacturing line or products. Companies will be able to utilise the attribute of IoT 

such as sensors, connectivities and intelligence to save cost and gain productivities (Atzori, Iera 

and Morabito, 2010; Parpala & Iacob, 2017; Dhall & Solanki, 2017). Different perspectives of 

how IoT can be used to effective business process and predictive maintenance have been 

covered, but none however have researched from the perspective of an IoT-provider. There is 

still a gap in the scientific research about what needs to be taken in concern: What are the 

important aspects for a company which choose to adapt IoT on their existing products or 

services, to fully harness the potential of IoT as an IoT provider.  
 

The use of IoT in the industrial domain and the investments companies make linked to IoT are 

growing rapidly. Companies that are successful with their IoT investments can benefit from the 

technology in ways such as, more effective work processes and maintenance coordination, data 

collection to support managers and reduced costs (Mukhopadhyay, 2014).  
 

Mukhopadhyay (2014) states that according to a global survey of 779 company executives, 30 

percent of them have a positive expectation on IoT-technologies to benefit their products or 

services. To unlock new revenues from existing products/services has been ranked as the most 

likely to happen with IoT for the current business according to the executives. This shows that 

using IoT to enhance existing products/service has been an important opportunity and challenge 

for many companies.  
 

Even if there can be huge upsides from IoT adoption, according to a survey conducted by 

Forbes insights (2017), where they surveyed more than 500 business executives about their IoT 

programs, only 42% think that their IoT investments are meeting their expectations.  
 

“Despite some initial challenges, companies are finding success with IoT. In fact, 42% 

of companies say their IoT programs are doing what they should be doing—saving 

money, making the company more efficient or earning new revenues” (Forbes Rapport, 

2017, pp.10) 
 

At the same time companies need to get started on their IoT projects to not get left behind their 

competition. These numbers show the importance of more rigid research on how companies 

can make sure to get the intended value out of their IoT investments. 

   

“Its rapid expansion and early traction have established it as a competitive reality in 

the market, and standing by is not an option. Companies need to move, and move 

quickly, to implement an IoT strategy. Otherwise, they risk falling behind or being 

disrupted.” (Forbes Rapport, 2017, pp.10) 
 

There can be enormous upsides for companies that fully manage harness the power of IoT. 

Therefore it is crucial to understand how, companies that are looking towards IoT to enhance 
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their existing products and services can get the intended performance impact from their 

investments.   

 

1.5 Research purpose and questions 
The purpose of this study is to develop a preliminary model for the performance impact of IoT 

when adopted by innovation leading companies in the industry sector. The research is 

conducted by analyzing these two research questions:  
 

RQ1 - What would a theoretical model look like with the performance impact in focus, when 

innovation-driven companies are adopting IoT on their existing products or services? 
 

RQ2- How does IoT adoption improve these companies performance? 
 

1.6 Disposition 
Chapter 2 Theoretical frameworks 

This chapter consists of the theoretical frameworks that have been used in this study. The 

primary model Technology-to-Performance Chain is presented, together with the two 

component models TTF and IDT. Finally, criticism and limitations of the models are presented.  

 

Chapter 3 Methods 

The methodology of this study is presented, starting with the research strategy, followed by the 

data collection methods and the data analysis methods.  

 

Chapter 4 Results 

This chapter presents the empirical findings from the interview and documentation review. The 

data is also analysed based on the theoretical framework presented in chapter 3.  

 

Chapter 5 Conclusion 

The modified conceptual, theoretical framework is presented, together with a conclusion based 

on the research purpose and questions.  

 

Chapter 6 Discussion 

Here the research findings are discussed, and further research are suggested. 
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2. Theoretical frameworks 
As mentioned in the previous chapter, the primary purpose of this paper is to cover the research 

gap within IoT to help organisations to understand the critical conditions and factors for 

successful utilisation of IoT into existing products/services, as well as make more effective 

usage of IoT.  
 

To examine the factors for a successful IoT implementation into existing business, it is crucial 

to study how IoT is utilised to get the intended performance. There are various theories and 

methods in the research domain about how to understand, predict and assess the process users 

involves when interacting with a system, one of the well-established models is Technology 

Acceptance Model (TAM) (Harrati, Bouchrika & Mahfouf, 2017). However according to 

Harrati, Bouchrika and Mahfouf (2017), due to the limitation of the TAM model (see section 

2.1 and 2.5.1) for addressing the technology as a whole and its lack of task focus, Goodhue and 

Thompson (1995) introduced the Technology-to-Performance chain model (TPC) by 

combining the utilization aspect and Task-Technology Fit model  (TTF). The predictors of the 

utilisation are the user attitudes toward a system or technology, in this paper will be focused on 

company´s attitudes towards IoT as innovation and predictors of the performance are measured 

with task-technology fit (Staples and Seddon, 2004).  
 

One of the well-established models in the research domain for users’ acceptance and attitudes 

toward new technologies and innovations is Innovation Diffusion Theory (IDT). The model 

was introduced by Everett M. Rogers in 1983 as a part of Diffusion innovation theory in order 

to examine how new ideas or innovation are spread among groups of people (Rogers, 1983).  
 

Thus, the main theoretical framework that is used for this study is the Technology-to-

Performance chain (TPC). To further focus on the two different parts of the TPC-model the 

task-technology fit- (TTF) (Goodhue and Thompson, 1995) and Utilization of new innovation 

with innovation Diffusion theory (IDT) are used. Combining the TTF and IDT models provides 

a needed theoretical basis for the evaluation of the important factors for a successful IoT 

implementation into existing business. 
 

2.1 Technology-to-Performance Chain 
According to Goodhue and Thompson (1995) it is difficult to directly measure the performance 

impact of an information system on the individual performance. Instead, researchers often 

focus on using surrogate measurements for measuring the success of an information system. 

Two of the most prevalent surrogates for performance impact in the early days of IS research 

where utilisation and task-technology fit. Utilization being the most research one. However, 

Goodhue and Thompson (1995) argue that neither one of these factors on their own provide a 

sufficient foundation for evaluation.  
 

Goodhue and Thompson (1995) state that only using a utilisation model as a surrogate have 

some limitation, one of them being that the utilisation of an information system is not always 

voluntary. Utilization is often more dependent on the task than attitudes towards use. As the 

utilisation of a system gets less voluntary, the use of the system gets more dependent on task-

technology fit. However, BenMessaoud, Kharrazi and MacDorman (2011) state that whether 

it's intentional or voluntary use of a technology for an individual user, it is referred to as 

technology acceptance. Technology acceptance models are general social-

psychological/behavioural theories that originated from the theory of reasoned action that are 

adapted to information technology use. With models explaining individual users’ acceptance 

of a technology, can provide a better understanding of the users' attitude towards the 

technology.  
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Another limitation of only taking the utilisation part of the TPC in account is according to 

Goodhue and Thompson (1995) that more utilisation does not necessarily equal a better 

performance impact. Often poor systems are utilised a lot due to social factors, habits and so 

on. This however will not boost the performance. The use of only task-technology fit has its 

limitations as well. The main ones being the need for a system to be utilised to yield a 

performance impact, and the complexity of factors that determines the utilisation of an 

information system. Even if the information system has a good task-technology fit, it may not 

be used to the extent to which it wa intended.          
 

To overcome these limitations they suggest the Technology-to-performance chain (TPC), 

combining both task-technology fit and utilisation (see Figure 2). They argue that task-

technology fit together with utilisation provides a strong surrogate for evaluating the 

performance impact of an IT-system. If either of these factors is lacking, the information system 

will not improve the individual performance.  
 

“for an information technology to have a positive impact on individual performance, the technology must 

be utilized, and the technology must be a good fit with the tasks it supports” (Goodhue and Thompson, 

1995, p.213) 
 

 
Figure 2: Illustrates the TPC-framework. (Goodhue and Thompson, 1995) 
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Staples and Sheddon (2004) applied the TPC-model in both a voluntary and mandatory use. 

The authors found strong support for the model, however, there is a variance of the validity of 

the connections depending on if the use is voluntary or mandatory. For both settings, they found 

strong support for the influence of task-technology fit on the perceived performance impact as 

well as on attitudes and beliefs about use.  
 

The TPC-model consists of five factors that have an effect on the performance impact. The 

factors that are task characteristics, technical characteristics and individual characteristics have 

an impact on the Task-Technology fit which in turn is one of the factors that directly have an 

effect on performance impact, the other one being utilisation. 

  

2.1.1 Tasks characteristics 

Goodhue and Thompson (1995) defines tasks in the TPC-model as “the actions carried 

 out by individuals in turning inputs into out”. 

 

2.1.2 Technologies characteristics 

According to Goodhue and Thompson (1995) technologies in the TPC model are “tools used 

by individuals in carrying out their tasks”. These tools can be either computer systems with 

hardware, software and data, or other support services such as training or helplines.  

 

2.1.3 Individual characteristics 

Individuals refer to potential users of an information system. Every individual is unique and 

his or her characteristics may have an effect on the use and performance impact of an 

information system. Such characteristics can be anything from training, technology experience, 

motivation, to previous experience of use. (Goodhue and Thompson, 1995) 

 

2.1.4 Task-technology fit 

The task-technology fit (TTF) dimension of the TPC-model is described by Goodhue and 

Thompson (1995) as the ability of which the functionality of technology is able to assist the 

user with his or her task. If an IT-system has a strong TFF correlation, it will improve both the 

likelihood of utilisation and the performance impact for the user of the system.    
 

Dishaw and Strong (1998) explains that the TTF model describes the fit between technology 

and the tasks that users want to perform. Zigurs and Buckland (1998) give fit three definitions: 

fit as congruence, fit as interaction and fit as internal consistency. 
 

TTF is have been used as a basic model as a user evaluation for the impact on individual 

performance based on the theory by Goodhue (1998), that the strongest link between 

information systems and performance impacts will be due to a correspondence between task 

needs and system functionality (task and technology fit).  
 

The model consists eight factors (Goodhue and Thompson, 1995) that measures from different 

perspectives to examine the fit between technology and user performance: Quality, 

Locatability, Authorization, Compatibility, and Ease of use, Production timeliness, System 

Reliability, and Relationship with users. The original model analysis at the individual level, but 

other authors such as Zigurs and Buckland (1998) has presented an alternative model that 

analysis at a group level.  Hence, TTF model can be modified to adapt the research topic, and 

this paper will not use the original eight factors presented by Goodhue and Thompson (1995) 

to measure the fit of IoT and company’s need.  By reason of some of the factors are overlapping 

with the characteristics in the IDT model (e.g. compatibility, complexity etc.).  This study will 

focus on the fit part of the TTF model, to examine what the company’s clients need are and 

how IoT enhanced products or services can help the clients to solve their problems.  
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2.1.5 Utilization 

Goodhue and Thompson (1995) describe utilisation as referring to the actual use of a system. 

The use or non-use of an information system can be linked to several different factors such as 

beliefs about the consequences of use, affect toward use or social norms.  To evaluate the 

utilisation dimension of the TPC model theories of attitude and behaviour should be considered. 

Utilization in terms of frequency of use or times the user chooses to use a system, is a variable 

that can be hard to measure since it can be both voluntary or mandatory. This in turn will have 

an effect on how often a user chose or needs to use the information system.  
 

In their research, Goodhue and Thompson (1995) looked at the utilisation dimension by looking 

at the extent to which a system has been integrated into the work routine of the user. Regardless 

if acceptance for the system comes from the user or organisation. Doing this enables the TPC 

model take in account both mandatory and voluntary utilisation of an information system. They 

in practice managed this by asking the users how dependent they are on different systems in to 

complete their tasks (Goodhue and Thompson, 1995). 
 

Although the development of IoT and industry 4.0 has changed how users see and use 

technologies, such as new emerging functionalities like automatisation and increased general 

knowledge and usage of IT. How users actually use a system and their acceptance of new 

technologies and innovation such as IoT are different than the time TPC model are presented. 

This paper will further examine critical factors that need to be taken into consideration for a 

successful IoT project for companies with Innovation Diffusion Theory (Rogers, 2003). The 

IDT will be used to define companies’ perceived behavioural intention on IoT investments by 

study their perceived characteristics of IoT-technologies. Behavioural intention is considered 

as the main determinant for predicting users´ intention in using a technology or in making a 

decision (Phichitchaisopa and Naenna, 2013).  
 

The utilisation part of the TPC-framework aims to examine the actual use of the technology, in 

this study the utilisation represents the critical attributes required for companies to be able to 

successfully implement IoT-technologies on their existing products or services and harness full 

performance impact. Hence, this paper will use a modified IDT model which is adjusted for 

industrial use of IoT, as the utilisation part of TPC model (see section 2.3).  

 

2.1.6 Performance impact 

Goodhue and Thompson (1995) write that the performance impact of an IT-system is 

determined from the ability of the user to perform the tasks at hand. For an IT-system to 

enhance the performance of its user, it has to improve the efficiency, effectiveness, quality or 

a mix of improvements of these. This paper will interpret Performance impact as something 

that creates value for the users (e.g. companies that invest in IoT projects). Value creation can 

exist in different forms, such as reduce costs, increase productivities or simply add values to 

products or services.   

 

2.1.7 Feedback 

When a user utilises an information system, he or she will get feedback from the system. This 

feedback will affect the perception that the user has for the system. The feedback can affect 

both the task-technology fit and utilisation. As the user gets more experience with a system, he 

or she will learn how to utilise the system in various ways, and as a consequence, the task-

technology fit may also improve. Utilizing a system or technology may also affect the attitudes 

towards the system or technology. This in turn can have an impact on how the user chooses to 

utilise it in the future.      
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2.1.8 Limitations of TPC 

There are some limitations about the TPC model, Goodhue and Thompson (1995) claim that 

although the two main focus of TPC (utilisation and fit) gives insight into the impact of 

technology on performance, each alone has some limitations. First, authors state that utilisation 

of a system is not always voluntary. Which means for many users, it is more about a function 

of how jobs are designed rather than the usefulness and quality of the system. To the extent that 

if it is not voluntary, the performance impact will depend more upon task-technology fit 

instead. Second, authors state it is important to acknowledge that more utilisation of a system 

will not necessarily lead to higher performance, especially when the TTF is low.  
 

Limitations of the fit focus relate to the model focusing on fit alone, which will not give 

sufficient attention to the fact that it is the utilisation part that delivers the performance impacts 

(Goodhue & Thompson, 1995). The utilisation is a complex mixture of different factors besides 

fit, which needs to take into concern rather than just focus on one of the focus of TPC. 
 

2.2 Innovation Diffusion Theory  
 

 
Figure 3: Innovation Diffusion Theory (Rogers, 1983) 
 

“For technologies to improve productivity, they must be accepted and used by employees in 

organisations.” (Venkatesh et al., 2003) Hence, it is important for organisations to understand 

the likelihood of success for each new technology that introduces to organisations, and analyse 

what is the underlying factors that drive the acceptance and behaviours. Especially when the 

technology is an innovation which has not been tested or adopted by the company. 
 

One of the most often cited literature that measures potential adopter perceptions of innovations 

was published by Rogers (1983), who studied thousand innovation studies and surveys, 

presented a framework that consists five variables that determines the rate of adoption of 

innovations (ie. Attributes of innovations, Type of innovation-decision, Communication 

channel, Nature of the social system and Extent of change agents´ promotion). (Rogers, 2003). 

According to the author, “Diffusion is the process in which an innovation is communicated 

through certain channels over time among the members of a social system”, besides the way 

of communication and the environment, one of the most important variables that will determine 

the adoption of an innovation such as IoT is the attributes of the innovation.  
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Hence, the author identified five characteristics of a innovation that could be critical and will 

affect the rate of diffusion of an innovation (Moore and Benbasat, 1991) and proposed 

Innovation Diffusion theory (IDT) as a well-known theory to explain the user adoption and 

decision making process towards a new innovation, which will be the adoption and 

implementation of IoT for this paper. The original model of IDT was presented by Rogers 

(1983) which includes five characteristics/determinants: Relative advantage, Compatibility, 

Complexity, Observability and Trialability (Rogers, 1983). This model has been applied into 

various relevant IT and IS research (Nehemiah, Osden and Pako, 2017), the five characteristics 

can be used to predict companies´ implementation and adoption of IoT innovations on existing 

products or services. According to Yap and Chen (2017) IDT is well established to study 

consumers and users´ acceptance of a product or service based on the five mentioned 

characteristics, the model can be used to elucidate the evolution and spread of IoT in 

companies, and examine what are the obstacles and motivations of why companies will 

implement IoT on their existing products and services, as well as the speed of acceptance and 

adoption, which can affect the decision of whether adopt the innovation or not. This study aims 

to investigate companies that use IoT-technologies on existing products and services in order 

to increase performance, thus implementing new technologies such as IoT can be seen as 

adopting an innovation. Hence, IDT model is used to examine the utilisation of IoT. 
 

2.2.1 Relative advantage 

Relative advantage is one of the five characteristics that are determinant of users’ behavioural 

intention. It can be simply explained as the benefits user will get by adopting the innovation 

(Nehemiah, Osden and Pako, 2017). This study determines IoT as an innovation that mainly 

can be used by companies to enhance their existing products and services, which lead to 

stronger performance. Relative advantage can be seen as one of the strongest characteristics 

that motivates a company to adapt this new innovation, Moore and Benbasat (1991) and Rogers 

(2003) defined relative advantage as the degree to which an innovation or technology is 

perceived as being better than its precursor. Rogers (2003) points out that the degree of relative 

advantage can be measured in economic terms, but as well as other none-economic terms such 

as social prestige, convenience and satisfactions factors perceived from the innovation. The 

author states that it is not important whether the innovation has significant “objective” 

advantage, what does matter is how the user perceives the innovation as advantageous.   
 

The natural qualities of the innovation determine which of the specific type of relative 

advantage (i.e. economic, social, convenience, and satisfaction) is most important to the 

potential adaptors (Roger, 2003). For most companies, getting benefits from IoT-technologies 

is the most important factor that drives them to invest in the projects. IoT has to show the unique 

and favourable advantages compared to the original product or services. In the context of IoT, 

companies may interpret relative advantage of IoT as something that can enhance their existing 

products or services, enable competition advantages, gain efficiency which would be more 

difficult to achieve without IoT. 
 

2.2.2 Complexity  

Complexity can be simply described as the level of difficulty of adopting or operating the 

innovation (Nehemiah, Osden and Pako, 2017). Moore and Benbasat (1991) define the 

complexity from IDT model as the degree to which an innovation is perceived as being difficult 

to use or understand. The more complex an innovation is, the more time it will take for 

companies to implement and adjust their current business model or product for their IoT 

projects. Roger (2003), explained that some innovations are more readily comprehended by 

most of the users, while some innovations can be more complicated and therefore might be 

adopted slowly, author points out that innovations that are simpler to understand are adopted 

more rapidly by users, while innovation that seems to be complicated or requires user to 

develop new skills and understandings are adopted more slowly. The author also suggests that 
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complexity may not be as important as relative advantage or compatibility for many 

innovations, but complexity is still a very important barrier to adoption for some new ideas.  
 

Hence, complexity in terms of IoT can be companies’ accessibility of IoT, how companies 

estimate the effort that is needed to include IoT into their existing product portfolio, the change 

that is required to make in order to adopt it on their current products or services.  
 

2.2.3 Compatibility 

The degree to which an innovation is perceived as being consistent with the existing values, 

needs for the innovation, and past experiences of potential adopters (Moore and Benbasat, 

1991; Roger, 2003). Yap and Chen (2017) refer compatibility as the innovation should 

coherence with the company's existing norms and needs. If a company insist on adopting an 

incompatible innovation, it often requires the company to adopt a new value system (Roger, 

2003), which can be expensive for the company. A concept of innovation that is more 

compatible, will be experienced as less uncertain for the potential adopters. Such compatibility 

can also help the adopter to give meaning to the new idea, so the idea of the innovation can be 

experienced as more familiar.   
 

IoT-technology´s compatibility with company's existing value and their products is critical for 

companies to determine whether or not it is suitable to invest in IoT-projects. Another aspect 

of compatibility of IoT can be how companies think by implementing IoT-technologies can 

add values to their image, which later can be used to promote their products and services.  
 

2.2.4 Trialability 

Trialability is the degree to which an innovation has the possibility to be easily tested and 

experimented before adoption (Roger, 2003). The author also points out that to fulfil 

trialability, an innovation needs to be able to be experimented with on a limited basis, an 

innovation that is triable represents less uncertainty to the company that considers to implement 

it, as it is possible to learn by doing. The importance of trialability various between earlier 

adopters and later adopters. The author claims that trialability is more important to relatively 

earlier adopters due to they may not have examples to follow when they adopt, while later 

adopters are surrounded by users already adopted the innovation. Thus, their own personal trail 

is not as crucial as early adopters.  
 

2.2.5 Observability 

Rogers (2003) defines observability of an innovation as the degree to which the results are 

visible to others. The difference between observability and trialability is that observability often 

occurs first, where users can see the benefit of an innovation from other users who have adopted 

it. Yap and Chen (2017) explain that the more visible the innovation is, the more attention it 

will attract the users and reduce their uncertainty towards the innovation. However, Rogers 

(2003) claims that technological innovations have two components: the hardware aspect and 

the software aspect. The software component of an innovation is often possessed less 

observability, therefore usually have a relatively slower rate of adoption. 
 

2.2.6 Image 

The last characteristic Image is defined by Moore and Benbasat (1991) as the degree to which 

use of an innovation is perceived to be able to enhance users´ image or social status.  
 

Image was not listed as a separate characteristic by Rogers (2003), rather it was included as an 

aspect of Relative advantage. Moore and Benbasat (1991) expanded the original IDT model 

with Image. Authors argue that for almost any individual to adopt an innovation, the desire to 

gain social status is one of the most important motivations. Authors also state that effect of 

Image such as social approval can be different enough from  

Nehemiah, Osden and Pako (2017) claim that the extension of IDT brings in more clarity and 

explanatory power to the original model. 
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Companies in the industrial sectors often choose to promote the unique attributes and speciality 

of their products or services. For companies that have adopted IoT-technologies, it can be an 

easy way to build up a unique image and distinguish their products or services from their 

competitors in the market. IoT has been identified as one of the trendy emerging technologies 

in IT (Gubbi et al., 2013), it can be beneficial for many companies to include IoT into their 

product portfolio, which can promote their identities as a creative and innovative company.   
 

Both Image and Compatibility have similar attributes that concern the social aspect, but image 

focuses more about outside of the organisation, how to promote a company’s identity, while 

compatibility focus on the user itself, or inside the organisation. Companies often choose to 

promote their identity and values, one of the definitions of Compatibility is the degree of 

innovation is perceived as being consistent with the existing value (Moore and Benbasat, 1991; 

Rogers, 2003). If using IoT is perceived by companies as consistent and fit their existing value 

and organizational culture, it will naturally for companies to promote the usage of IoT in order 

to enhance their image. Hence, we propose a correlation between Compatibility and Image, if 

IoT fits with companies existing values and needs, they will be willing to enhance their social 

status with IoT.  
 

2.2.7 Limitations of IDT 

Innovation diffusion theory has been applied widely and modified by different 

research.  Despite its popularity, the model per se has some limitations. One of the obvious 

limitations is that the model was designed by Rogers (2003) to investigate users´ behavioural 

intention on innovations, so the model is only limited and focused on new technologies, 

assuming that users have none or little knowledge with. Although the model has been modified 

and updated by Rogers (2003) and other authors, need some adjustment to examine the 

behavioural intention of IoT. 
 

2.2.8 Adopted Innovation Diffusion theory 

The Innovation Diffusion Theory has been modified and adopted in some research to study the 

determinants of behavioural intention when users adopt an innovation or similar technologies 

(Nehemiah, Osden and Pako, 2017). This paper has chosen a modified IDT framework which 

combines the original IDT model by Rogers (2003) with characteristic image suggested by 

Moore and Benbasat (1991), considering that IoT has been one of the most discussed 

technology in the last decade, it has enormous potential in the industrial use, which companies 

can use to promote as a part of their image. Along with Image, authors also suggested another 

perceived characteristics to be voluntariness of use, which dined as the degree to which use of 

the innovation is perceived as being voluntary, or free of will (Moore and Benbasat, 1991). 

Since this paper aims to study in a context where IoT-technology is implemented in company´s 

existing products or services in order to harness full performance impact. Hence, whether being 

voluntary to adopt IoT or not, the voluntariness of use aspect will not affect the company's 

behavioural intention towards the usage of IoT.    
 

The adjustment of the framework results in a modified IDT model (see figure 4), consists six 

characteristics, i.e. Relative advantage, Complexity, Trialability, Compatibility, Observability 

and Image. These six characteristics can examine and further develop behavioural intention 

which can measure companies´ behaviour towards implementation of IoT. The focus of these 

six characteristics was chosen to study why the perception of using IoT rather than perceptions 

of IoT itself. According to Moore and Benbasat (1991) many studies that have focused to 

examine the primary characteristics of a innovation turns out to be inconsistent, this is due to 

primary attributes are often intrinsic and independent of their perception by the potential users. 

On the other hand, the behaviour of users is predicted by how they perceive the primary 

attributes of an innovation, due to different users might perceive the primary attributes 

differently. Hence, this paper will focus on the perceived characteristics of IoT. Furthermore, 
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by study the perceived attributes by users helps to establish a general theory that suits the 

potential users in this study, which are companies that want to implement IoT on their existing 

products and services, these companies might have different needs and perceptions of IoT than 

other potential users of IoT e.g. government that uses IoT to build smart cities.  
 

 
 

Figure 4: Adopted Innovation Diffusion Theory  
 

2.3 Integrating IDT with TPC  
As mentioned earlier, this paper will use TPC model that combines the utilisation aspect (IDT) 

with the performance aspect (TTF). Zhou et al. (2010) propose that even though a technology 

may be perceived as being advanced if it doesn't meet users´ task expectation, they may not 

adapt the technology to improve their performance. Therefore simply focus on of the aspects 

is not enough, a good understanding of both perception and attitude towards the technology 

and good a task-technology fit is required. As mentioned earlier, in order to examine how 

companies can maximally harness the performance impact by extending IoT-technologies on 

their existing products or services, this paper will use a theoretical framework that consists both 

IDT and TTF model. 
 

Here we present the research model for this paper, a modified model of TPC with a focus on 

TTF in order to examine the performance impact of IoT in modern organisational context, how 

companies aim to use IoT for and what IoT can actually contribute to companies desired tasks. 

This paper also suggests a connection between the task-technology fit and innovation adoption 

(see figure 5), i.e. if there is a good fit between IoT and the company's products or services, the 

company will be more willing to invest on IoT projects. The advantages of IoT and possibilities 

of automatization will allow users to reduce their manual works, perform convenient tasks. 

Thus, the characteristics of IoT fits with what most companies need in the industry 4.0 era and 

will result in their adoption of IoT-technologies (Innovation adoption).  
 

We believe that both models can be integrated and will be adaptable to examine the alignment 

between task characteristics and technology functionality of IoT and in turn how it can affect 

the company's behavioural intention towards deploying IoT technologies. There are noticeable 

overlapping of both models; existing research has proven that TTF can be used to study user 
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acceptance towards a technology, which is related to users´ perceived usefulness and perceived 

ease of use (Klopping & McKinney, 2004). Another research suggest that user´ perceived 

usefulness is comparable with relative advantage from IDT, while perceived ease of use is 

comparable with complexity from IDT(Wu & Wang, 2005). Due to the overlapping and 

similarity of both models, this paper suggest that by integrating these two models and applicate 

in the organisational context, it will provide an even stronger model in order to analysis IoT 

usage in organisational context. 

 
 

Figure 5: Illustrates the TPC framework to examine the performance impacts of IoT. 
 

2.4 Related theoretical frameworks 
2.4.1 Technology Acceptance Model 

The Technology Acceptance Model (TAM) is one of the most used technology acceptance 

models. The model proposes two main characteristics: Perceived ease of use and Perceived 

usefulness of a technology as predictors to examine users attitude toward using a technology 

(Nehemiah, Osden and Pako, 2017). TAM explores two aspects which relate to the user 

satisfaction: perceived ease-of-use and perceived usefulness. The first aspect refers to how 

users believe the effort that is needed to adopt a new technology or system, and the second 

aspect refers to the degree of which user believes that using a particular technology or system 

will improve their job performance (Davis et al., 1989).  

  

TAM focuses on users attitude towards a certain IT system or technology based on perceived 

usefulness and ease of use of the system or technology, while IDT has a focus on attributes of 

an innovation that will affect users adoption and decision-making process towards the 

innovation. This study aims to examine what are the factors that will affect companies adoption 

of an innovation such as IoT on their products and services. Based on companies perspective 

to implement IoT as an innovation rather than users´ perspective and the user experience. 
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Hence, this paper has chosen IDT in order to explain the innovation adoption rather using TAM 

to study the user experience.  

 

2.4.2 UTAUT 

Another well-known user acceptance theory is the Unified Theory of Acceptance and Use of 

Technology (UTAUT) developed by Venkatesh et al. (2003). The model combines eight 

different user acceptance models included IDT and summarised four main determinants that 

will affect the users' usage behaviour (Venkatesh et al., 2003). The author also included four 

social factors: age, gender, voluntariness and experience, that will have an impact on the four 

main determinants. UTAUT provides a unified theory for how we use and our acceptance 

towards a technology. However UTAUT is developed to examine the experience and 

acceptance of a single user, this study aims to understand the important factors of how 

companies can implement IoT. Therefore, IDT will be more suitable.  
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3. Methods 
This chapter summarises methods which this study have conducted, divided into three sections, 

where the strategy, the data collection method and the analysis method are presented. 

 
Figure 6: Structure of methods for this study. 
 

3.1 Research strategy 
Denscombe (2010) suggest that there is no single research strategy that is the “best” in all 

circumstances. The choice of strategy for this study depends on the most suitable strategy that 

fits with our research purpose. In order to find the proper strategy, this paper has taken two key 

factors into consideration: suitability and feasibility. 
 

To measure suitability for a research strategy, it needs to be judged in relation to the purpose 

of which the strategy will be used by reflecting of strategies in terms of how useful and how 

appropriate they are (Denscombe, 2010). In order to examine the gap between intended and 

actual performance impact by IoT, we need to collect information around how they actually 

implement and utilise IoT technologies. This paper will conduct case studies as the primary 

research strategy, since case studies can provide possibilities to understand the complex 

relationships between different factors as they operate in a particular social setting 

(Denscombe, 2010), which fits with the theoretical framework of this study that requires 

examining different determinants and characteristics of both users and technologies.  
 

Using case studies can also provide access to the crucial data that are needed to carry on the 

study. During case studies, combining interview as data collection method will help to 

overcome time constraints of this study and get contact to users that are relevant in the 

implementation and utilisation of IoT, as well as their operational and organisational context. 

The case study strategy can provide a relatively holistic view of the utilization context, and 

opportunities to carry on observations on more specific factors (Denscombe, 2010; Oates, 

2006). Thus, by using case study strategy will make this study feasible.    

 

3.1.1 Case 

The case study approach focus on one or few instances of the particular phenomenon, providing 

a deep view of explanation of events, relationships, experiences or process that is occurring in 

a particular instance (Denscombe, 2010). This will provide an in-depth study that will allow 

this paper to collect vital data around real user scenario of IoT in an industrial context, within 

relatively short time. One of the focus of this study is to investigate relationships between users, 

tasks, technologies and organisational environment. According to Denscombe (2010), 

relationships and processes within social settings tend to be interconnected and interrelated. In 

order to study IoT and its relationship to the users and the utilizational context, it is crucial to 

study how the determinants are linked and affecting the user behaviour, as well as the 
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relationship between task and utilisation. In this situation, the case study approach will be 

suitable to reveal the relationships in actual usage situation, enable a more in-depth study of 

how companies actually use IoT, which a survey normally cannot do. Oates (2006) state that 

unlike in experiments where hypotheses are generally tested, a case study mainly studies a 

particular instance to gain insights and knowledge from the instance which later might be 

relevantly applicable to other situations.  
 

An advantage of using the case study approach is that it allows the researchers to use a variety 

of research methods as part of the investigation (Denscombe, 2010), this paper will combine 

formal semi-structured interviews with users that are involved with IoT usage in the company 

with document reviews about actual user case of the selected company. According to 

Denscombe (2010), document research and reviews can be a cost-effective and an easy way to 

access vast amounts of data. This study will use data found by document research as a 

complement to support the case study.   
 

Denscombe (2010) also suggest that the case study approach is more about the scale and scope 

of an investigation rather than what methods must be used. However, in practice, the case study 

is more aligned with the qualitative research method rather than with the quantitative research 

method.  
 

 
Table 2. Shows the various uses of a case study approach (Denscombe, 2010) 
 

This paper will conduct a case study in a combination of two ways according to Denscombe 

(2010) and Oates (2006): a typical instance where the most common scenario of IoT usage will 

be studied, the finding from a typical instance can be generalised and applied elsewhere. As 

well as a test-site for theory, where case studies will be used for theory testing and theory 

building, to predict certain outcomes and verify if the theory of this paper holds true or not. 

Oates (2006) suggested there are three basic types of case studies: exploratory, descriptive and 

explanatory. The case study this study will conduct will fit the explanatory study due to the aim 

is to study why events occurred as they did and seek to identify the link between the factors.  
 

Although the case study strategy seems to be appropriate for this study, it still has some 

disadvantages that need to take in concern. One of the challenges can be the credibility of 

generalisations made from the findings; this study needs to be careful with how reasonable it 

is to generalise findings from one or a few cases.  
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3.2 Research method 
Unlike research strategy, research methods are the tools that allow relevant data to be collected. 

There is not a particular method that is claimed to be unique and completely effective for data 

collection  (Denscombe, 2010). Oates (2006) suggest that each research strategy contains one 

or more data collection methods. This paper will primarily use interviews as data collection 

method to associate with the research strategy. Document review will also be conducted in 

order to collect data to complement with the interview.  

 

3.2.1 Selection 

Denscombe (2010) suggests that the case study generally requires the researcher to pick out 

one or few examples from a wide range of examples of the class of things that are being 

investigated. The author also suggests that the selected case needs to be typical, is similar in 

crucial respects to the others that might have been chosen. Another aspect is that the findings 

from the selected case study are likely to apply elsewhere, since the selected case is 

representative, the findings therefore can be generalized. Hence, for this study, a typical case 

can be a company that has adopted IoT on their existing products or services which later on 

introduced the new enhanced products or services to their customers. Either it´s successful or 

unsuccessful implementation could be a relevant representation of a Typical instance as 

mentioned earlier.   
 

The supervisor suggested the authors to a few companies that are currently carrying on projects 

with IoT. After evaluation of the different companies´ products and their IoT efforts, as well as 

taking in consideration of the criteria of case selection; this paper has chosen a Swedish 

company in terminal solution industry which mainly provides cargo handling solutions and 

services to ports, terminals and heavy industries worldwide. The company is now apart of a 

Finnish cargo-handling machinery concern, within their own domain, the company sees 

themselves as the industry forerunner with innovation as the heart of their business (Kalmar, 

2016d). According to the company's website and diverse client case has proven that the 

company has successfully integrated IoT-technology into their existing products such as 

SmartTrucks which allow the real-time monitoring of the trucks and predictive maintenance of 

their trucks (Kalmar, 2018). The selected company is suitable as a typical instance for the case 

study, but also for the test-site of theory. Denscombe (2010) suggest that selection of a case for 

the test-site for theory can be based on the relevance for the selected theory, the researcher 

should be able to predict or compare the result if the theory holds true. The selected company 

can be seen as a successful example of adopting IoT which their products are also accepted by 

their clients. Hence, the selected company is proper as a case to test the modified TPC 

framework.  
 

The informant was chosen according to Denscombe´s (2010) suggestion that selection of 

people to interview is often based on their contribution to make, in case studies, the emphasis 

will be on choosing a representative sample of the people to interview. The informant who was 

chosen to conduct the interview for the case study is a senior business developer, who is 

responsible for IoT investment and development projects in the selected company. 
 

For the selection of client cases, all cases from the case page on the website were selected. This 

equaled a total of 46 client cases. (Kalmar, 2016a) From these 46 cases, the sample size was 

further reduced according to fit this study's purpose of looking at port solutions. Hence all cases 

not regarding port solution were eliminated. After this sample size reduction, 28 client cases 

remained.         
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3.2.2 Interviews 

An interview is a particular kind of dialogue between people, usually one person has a purpose 

to gain information from the other(s) for undertaking the interview (Oates, 2006).  
 

Interviews are actually something more than just a conversation. Interviews involve a set of assumptions 

and understandings about the situation which are not normally associated with a casual conversation. 

(Denscombe, 2010, p. 172) 
 

Interviews can be a useful data collection method for researchers to obtain more detailed 

information, often complex and open-ended. Interviews are preferred in case studies as data 

generation method, due to that interview-based research can provide data that can deal with the 

research topics both in depth and in detail (Oates, 2006). Denscombe (2010) suggest that, 

although interviews can be a useful method to collect straightforward data, the real potential of 

the method is when applying to explore more complex phenomena, such as people's opinions 

and experiences. If the research only wants to collect simple and uncontroversial information, 

the questionnaires have been proven to be a more cost-effective way. The case of this study 

aim to have more in-depth insights of users´ opinion and the link between different factors, 

using the interview as the main data generation method is more suitable for case studies. 
 

3.2.2.1 Semi-structured interview 

The interview was conducted in a semi-structured way, according to Denscombe (2010) the 

semi-structured interviews still has a clear list of questions which the interviewer has to follow. 

However, during a semi-structured interview, the answers are often open-ended, with more 

emphasis on the interviewee to develop his or her own idea and speak more widely on issues 

raised by the interviewer. Oates (2006) states that semi-structured interview emphasises on the 

flow of the “conversation”, which the interviewer should be willing to change the order of 

questions as well as ask additional questions if the interviewee brings up topic or issues that 

weren't prepared for.  
 

The interview was conducted as a one-to-one interview, the advantage of one-to-one interviews 

is that it is straightforward for the interviewer to locate specific ideas and information with 

specific people, it is also relatively easy to control and plan the interview (Denscombe, 2010). 

During the initial phase, the informant was given necessary information about the interview 

and confirmation of the permission to record during the interview. As moved towards the main 

body of the interview, an interview technique suggested by Oates (2006) was used: Introduce 

with easy questions on what the interviewee is likely to have a well-formed view, then ask more 

questions based on the response or move onto other topics. Questions were clearly phrased and 

formed in a way that was clear and easily understood by the informant. The most question was 

opened questions which encourage the informant to elaborate and provide extensive answers. 

Some follow-up questions were closed questions which elicit short answers as further 

confirmation. Questions which touches the sensitive issues were left until later phase of the 

interview.  
 

The interview was audio recorded together with fields notes which later could be used as some 

form of permanent record (Denscombe, 2010). The prompt, prob and check tactics which were 

used during the interview to push and guide the informant (Oates, 2006). Such as repeat 

questions to encourage the informant to talk more about the topic; probes are often used to pick 

up on a topic in more detail; checks as repeating or summarising what informant raid to make 

sure that both partners have a correct understanding of the responses.  
 

3.2.2.2 Pre-study  

Before the data was collected, a pre-study was made in order to get better result of data 

collection. A study of the selected company was conducted before the interview, by reviewing 

the company's background and their customer cases which are available on the company's 

website, a deeper understanding of the company's business and current usage of IoT are 
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founded. Based on company's current circumstances, different area of question topics are 

formed together with the theoretical framework.  
 

Denscombe (2010) suggested to prepare the topics for discussion during the interviews, with 

some agenda planned beforehand will save considerable time to thinking through the key points 

during the interview. If the interviewee is well informed about the topic, it will likely to be 

more beneficial and arise some more in-depth conversation during the interview. Before the 

interview, some topic and open-ended questions were formed based on the different 

characteristics of the theoretical framework of this research. The informant was given the 

necessary information about which topic and the related area will be discussed during the 

interview days before the interview took place.  
 

3.2.3 Documentation review 

Except for the interview as data collection source, various documentation review was also made 

to get a better insight of the selected company´s usage context of IoT. Denscombe (2010) states 

that documents can also be treated as a source of data, it could be written sources, as well as 

visual sources (i.e. pictures, artefacts), even sounds. The material obtained via the Internet such 

as websites can be treated as a form of documents and the content can be analysed in terms of 

the text and images. Oates (2006) claims that the Internet is a very useful source for data 

collection due to the availability and the vast amount of data. However, both authors suggest 

to take validity into consideration while using online documents, while using online documents 

as the data source, researchers need to think about the authenticity, representativeness and 

credibility of the source material.  
 

This study has mainly used the company's official homepage to collect online documents; 

hence, the authenticity and representativeness of the data are assured. The website contains 

diverse customer cases which show how company's products that are deployed in real user 

cases, many of the products are embedded with IoT technologies which became an excellent 

choice of a data source for the case study. Every web page of customer case is divided into 

three parts: the challenge, the solution, and the result. Where the company present the main 

challenge from the client and how their products or services could solve the issue. Since they 

are all real client cases that have been completed, the result and client feedback are also 

presented. A more detailed report of every project can also be found as document on the case 

website. Which contact information to the client and how the company's technology has added 

value to the solution are stated. All the mentioned information were presented by the company 

itself, the main purpose of demonstrating the client cases can be seen as promoting the company 

identity and marketing. Hence, the credibility of the material has been taking into concern.  
 

3.3 Analysis method 
Unlike quantitative data analysis, when it comes to analysing qualitative data Denscombe 

(2010) argues that there is no set rules or specific ways of doing this. Oates (2006) explains 

that qualitative data can take so many different forms and can involve all but pure numerical 

and statistical data. Denscombe (2010) does, however, argue for some aspects that can 

generally be found in the qualitative data analysis. First, qualitative data gathering and analysis 

tend to be more iterative than other types of methods. This means that the gathering and analysis 

phases are an evolving process and occur alongside each other. Second, the analysis of 

qualitative data tends to be inductive. It uses a more detailed study of localised data to try and 

find more generalizable conclusions for the broader context. Third, the results of the analysis 

are influenced to a high degree by the researcher and his or her values and experiences.  
 

3.3.1 Data preparation 

According to Oates (2006), before the data analysis can start, the researcher must do some data 

preparation. The data need to be converted to the same format so that the researcher can work 

with it during the analysis phase. This often means transcribing audio files to text either by 
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hand or to computer files. The transcription is an important step since this enables the researcher 

to get an easy overview and to do further analysis of the material. Denscombe (2010) also 

suggest that if using audio recordings during an interview, it should be transcribed and 

annotated. This process will help the detailed searches and comparisons of the data later on. 

Before the data analysis phase, the audio recorded interview was transcribed and annotated. 

Together with data from the company's website about company´s IoT-investments and client 

cases, all data were collected and ready to analyse.   
 

3.3.2 Data analysis 

Even though there are no set rules or methods for the actual analysis of qualitative data, Oates 

(2006) gives some guidance on how it can be done. A first step is to categorise the transcribed 

material into three different categories: information that is irrelevant for the current research 

topic, descriptive information that helps the reader to understand the context of the research; 

and finally information that can be of interest for your current research topic. The author 

suggests that after the categorising, the researcher should focus on the third type of information: 

data that are relevant to the research question(s).  
 

In order to analyse contents that are relevant to this research and find the connections in the 

collected data, this study used the approach presented by Denscombe (2010). Data analysis of 

the relevant data starts with developing relevant categories for analysing the data. This study 

proceeded with the different characteristics of the theoretical framework, in order to identify 

“keywords” that are associated with the different themes. After identified the themes that link 

the collected data and the theoretical framework, categorisation and separation of the relevant 

data into different themes were proceeded. Denscombe (2010) state that content analysis has 

the potential to reveal many hidden aspects of the written text. By categorising the transcribed 

text into different themes, the informant´s opinion, values and approaches towards IoT-

implementation are exposed.  
 

3.4 Critical Consideration 
One of the criticisms against a case study approach can be the relevance of the case, according 

to Denscombe (2010) all case studies need to be chosen by the researcher on the basis of the 

significance to the practical problems or theoretical issues that are being researched. Another 

criticism is the relation to the credibility of generalisations made from case study´s findings. 

Author state that researchers need to be careful with reducing and illustrate to which extend the 

case is similar to, or contrast with others of its type. On the other hand, Oates (2006) suggests 

during a case study, the researcher should obtain as much detail about one specific instance of 

the phenomenon under the study. Although some attributes from the case might be unique and 

incomparable, other attributes and aspects will typically be found in other instance. 

Generalizations can, therefore, be made if the chosen case is typical of other cases (Ibid).  
 

A criticism of qualitative research could be the sample size, due to qualitative research and case 

study approaches aim to explore more in-depth of the chosen phenomena. Denscombe (2010) 

claim that a disadvantage of qualitative analysis is the data might be less representative, as it 

could be difficult to establish or generalise findings from the detailed, in-depth study of a small 

number of cases to other similar instances. However, the author states it is still possible to scale 

the findings relate to other instances, if the selection of relevant case or sample is deliberated.    
 

This study is aware of the sample size of the interview is relatively low compared to other 

similar studies. Denscombe (2010) claims that one of the benefits of using the case study 

approach is that it not just allows the use of various sources to collect data, the approach 

encourages the researchers to use whatever is appropriate for investigating the relationships 

and process that are of interest. Hence, documentation review of the company's client cases is 

used as data source to complement the qualitative research. 
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4. Result 
4.1 Client Cases 
 

4.1.1 Case C1   

After the economic crisis in 2008, this customer struggled to recover and was in the need to 

recover and increase their market share. This would be done by high productivity and quality 

of service. As part of the solution from Company A they implemented SmartFleet. This lets 

them to remotely monitor the machines. The remote monitoring abilities gave them the 

opportunity for real-time analysis, on-board performance, predictive maintenance capability 

and remote maintenance analysis. After the implementation of their new solutions, they have 

seen an increase in market share as well as in increase of handling capabilities. (Kalmar, 2016c) 
 

4.1.2 Case C2  

One of Company As customers faced the challenge to grow the capacity of their port by an 

approximate of 70%. To manage this increase of capacity they turn to Company A for help to 

optimise their processes. In this case, process optimisation represented the only option since 

the port could not geographically expand. With the support of IoT, Company A could provide 

a solution that reduced truck idle time and driving distance as well as give the driver 

information on job statuses, equipment and container positions. The ability to keep track of 

both equipment and containers, the system could assign the job order to the most appropriate 

piece of equipment depending on the location data. The seconds that the system saves with 

every move will quickly add up and result in an increased operational optimisation. This will 

result in both improved efficiency and save money. The value created in this case was so good 

that the customer now considers further implementation of equipment from Company As 

portfolio of connected devices. (Kalmar, 2016f) 
 

4.1.3 Case C3  

In another case Company A had a customer that wanted to double their capacity by 2030. The 

faced similar challenges regarding the limited possibility to expand their port on a geographical 

scale. Thus the need for process optimisation was prevalent here as well. One of the solutions 

provided by Company A in this case where data collection from the equipment to optimise the 

maintenance. In addition to this, they also benefited from the same solutions as the case above. 

By keeping track of equipment and containers, it allows them to increase their productivity and 

efficiency. All this is handled automatically so that the driver fully can concentrate on the 

picking and placing containers. (Kalmar, 2016g) 
 

4.1.4 Case C4 

This customer was expecting a significant increase in their volume capacity. The customer had 

identified their manual data entry process and localisation of the containers as limiting factor 

for their expansion. By automatically tracking containers the customer thought that they would 

be able to increase their productivity significantly. Company A provided this customer with a 

solution that keeps track of containers from that they arrive at port till they leave. By pairing 

the container data with machine data, they could optimise the usage of the machines by 

appointing them with the most suitable job. This leads to the customer to be able to lower costs 

as well as increase velocity and accuracy of their machine operations. (Kalmar, 2016e)  
 

“The real-time automated inventory reporting and management ensures you will never waste 

time searching your containers” (Kalmar, 2016e) 
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4.2 Task-technology fit 
As Goodhue and Thompson (1995) explains the TTF dimension can easily be described as the 

ability for a technology to assist with the task at hand. It is the fit between technology and task 

that are important in this case. For a technology to contribute to the performance it need to have 

a good fit with the task.    
 

Informant 1 (2018) explains that the reasons for using IoT is to optimise the usage of the 

equipment, maintenance as well as the workflow in the ports. This in turn will lead to increased 

capacity and lowered costs for their customers. It is further explained that the technological 

development that IoT presents suits their and their customers’ needs well. The alternative 

would be to manually download data to optimise these operations while with IoT you can get 

real time updates which fit the tasks better.        
 

Both the information provided by informant 1 as well as the cases presented above indicate that 

the task technology fit of IoT and Company As business is significant. There are an array of 

different tasks all connected to port optimisation. However the actual optimisation that IoT 

provides is not the key underlying reason for the innovation adoption. The main reason being 

that Company A want to provide their customers with the best and most innovative 

solutions.  Whether the task is to optimise maintenance operations, workflow or the equipment 

usage, IoT as a technology offer a suitable solution for their customers. The data collection also 

allows Company A to further develop their products. This study indicates that IoT is a good fit 

for the tasks. This research however argue for a development of these characteristics to better 

fit in a business context. Goodhue and Thompson (1995) argue for both the task- and 

technology characteristics being of the individual using a system. For the purpose of applying 

this model in a business context this paper suggest that these characteristics instead cover how 

companies use technology to perform their tasks. 
 

Both task and technology characteristics are important for the technology fit. However the 

individual characteristics may not seem as important in case of IoT due to the processes being 

automated and thus removing much of the human-computer interaction. However the empirical 

study suggest that the company characteristics does mather. Company A have the motivation 

for the innovation adoption both in form of the desire to provide their customers with the most 

innovative solutions as well as through IoT being a natural continuation of their earlier 

experience with process automation. This study do however argue for individual characteristics 

being changed to Organisational characteristics in this context of organisational technology 

use.         
 

4.3 Relative advantage 
Relative advantage is described by Nehemiah, Osden and Pako (2017) as the benefits that a 

user will get by adopting an innovation. Moore and Benbasat (1991), as well as Rogers (2003), 

makes the same conclusion except that the advantage of the innovation in question should also 

be considered in relation to the previous technology.  
 

For Company A IoT presents a good relative advantage for many tasks compared to how they 

were handled before. Their solutions present a significant advantage for both them and their 

customers. Prior to the usage of IoT, many of the tasks were managed manually while others 

not at all. (Informant 1, 2018) 
 

Company As customers benefit from IoT in an array of different ways. Among other things, 

IoT is being used to optimise the maintenance of the products. Sensors can let you know if a 

driver hit something with his vehicle so that any potential damage can be taken care of. By 

implementing sensors, they can also keep track of the usage of the equipment and make 

predictive maintenance decisions before any part actually breaks down. (Ibid) 
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We can visit our customers and in advance tell them that this is going to happen so it is better if we take 

care of it. When we then remove the parts and show them how they have started to tear down and tell 

them that if we had not taken care of this now then this would have happened, then they get really 

impressed. (Informant 1, 2018)  
 

For instance, you can measure the viscosity of fluids like different kind oils to get an indication 

of when they need to be changed before it causes any problem to the machines. It is also easier 

to find the actual cause of equipment failure. Before IoT, you could get the symptoms of the 

equipment problem, and you would solve it while IoT let you solve the actual problem. (Ibid) 
 

“With connected sensors, on the other hand, you can you can get indications of the root cause 

of the problem and solve it.” (Informant 1, 2018)   
 

Maintenance is one of the main benefits of the implementation of IoT solutions, another one 

being the ability to optimise the operative processes and workflows themselves. By 

implementing for instance sensors that keep track of how the machines move around the port, 

you can optimise their routes in relation to each other. The data regarding workflow can also 

ease the scheduling of your personnel. (Ibid)    
 

In addition to maintenance, process and workflow optimisation, which are the main advantages 

of IoT, benefits are also gained in for of data that let Company A further develop their products 

as well as a compelling sales argument. (Ibid)      
 

Just as the theoretical framework suggests, the empirical study indicates that the relative 

advantage constitutes a significant factor for innovation adoption. The case shows that IoT 

presents a relative advantage in several different aspects. Having said that, it would be sufficient 

with only one significant advantage to justify innovation adoption. However the more 

advantages an innovation presents the more advantageous it would be for a company to adopt.  
 

Relative advantage can be gained by the new innovation either surpassing previous 

technologies or by it constituting solutions for entirely new areas. This can be illustrated by 

how the maintenance optimising solutions presented by IoT not only replacing previously used 

technologies but also represent entirely new ways of predictively manage maintenance. 

 

4.4 Complexity 
As Mavaretera, Jokonya and Maradung (2017), as well as Moore and Benbasat (1991), 

describes complexity in an innovation adoption sense as for how difficult an innovation is to 

adopt, operate or understand.  
 

For Company A the development of their IoT solutions have at times represented a high 

complexity task. Informant 1 states that it can be a complex problem to develop IoT solutions 

that bring value to the customer. The complexity of the task is at large dependant of the 

competence that is available for the company. Thanks to their experience as well as the way 

that IoT presented a natural continuation and part of their focus on automation, Company A 

had a lot of IoT related competency available in the company. This, however, was not enough 

to satisfy the competency needed in the developing process for their IoT solutions. To bridge 

the competency gap, they have opted to employ people that with the suitable knowledge and 

skills, many whom are at the forefront in their respective fields. In regards to attracting the right 

competency to the company, this is something that Informant 1 explain is getting more difficult. 

In addition to this Company A also have developed a close relationship with several 

Universities which give them the insight into the latest research progress. (Informant 1, 2018)  
 

“We are at the very forefront and work with everything from engineers to PhD to professors.” 

(Informant 1, 2018)  
 



 

33 

 

Even though most solutions are developed in-house, Company A also uses acquisitions to stay 

ahead of the competition when it comes to innovation and IoT. They have acquired several 

companies in related fields as part of their strategy to be at the forefront of innovation in their 

industry. Furthermore they also they do also buy off-the-shelf solutions that they modify to fit 

their products and customer needs. (Ibid)  
 

Acquisition of companies as well as modifying premade solution are a good option for 

developing everything in-house. IoT is not Company As core business offer but a tool and 

enabler to further enhance their value creation for their customers. Thus acquisition and 

modifying existing products lets Company A focus on their core business processes together 

with other parts of their solution portfolio instead of becoming a full-fledged IoT provider. 

Furthermore, these may also represent more viable options as it gets more difficult to keep and 

attract the competency needed.  
 

All things considered, the adoption of IoT for existing products often represent a notable 

complexity. Which is also something that company A is well aware of.  Nonetheless, regardless 

of the complexity, Company A consider IoT to be a necessary development to stay ahead of 

the competition. This study does, however, argue for complexity still being an essential element 

of innovation adoption. This is due to the competency in organisations is necessary to overcome 

complexity. If the right competency is not available the complexity may present a relevant 

enough factor to hinder innovation adoption. It is the complexity in itself that constitutes the 

hindrance while competency is just an instrument to deal with complexity.  

    

4.5 Trialability 
As Roger (2003) argue, trialability is the degree to which an innovation is possible to test before 

adoption. The trialability is mainly a way of reducing the uncertainty of how an innovation will 

bring value.  
 

According to Informant 1 (2018), the trialability for IoT solutions developed by Company A is 

an important aspect. They have several test sites around the world where they test their 

innovations before they are heading to market. Many times they develop and test solutions that 

never make it to the market at all. Being able to test products is important to see if the product 

bring any actual value.  
 

“ You have to test your way forward to see if it brings any value” (Informant 1, 2018) 
 

If they work with more customer specific solutions one important part of the testing is to be 

able to test the products in their real environment at the customers themselves. (Ibid) 
 

For Company A the trialability IoT has been an important aspect when developing the solutions 

that will enhance their existing products as well as the development of completely new ones. 

One of the most significant reasons for the importance of trialability is to explore how the 

innovation in question can be leveraged to bring value to their customers. This is well aligned 

with how trialability is described in the literature. Thus it can be argued for trialability being 

an essential element for innovation adapting in an industrial environment. 

              

4.6 Observability 
Rogers (2003) describes the observability of an innovation as the possibility of observing the 

innovation in use. Is it possible to see how others use said innovation and how it brings value? 

Informant 1 (2018) explains that for them the observability of the way IoT can be leveraged in 

the port industry has been very limited.  Furthermore, they admit that the adoption of IoT might 

have been easier if the observability was better. However, they want to be the industry leader. 

This is primarily due to an internal company driving force to provide their customer with the 
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most innovative solutions. On the other hand, this leads to being copied by others when they 

see how successful you are.  
 

“If you do not have anyone to copy you have to invent the wheel by yourself. Then, 

unfortunately, you get copied by others. “  (Informant 1, 2018) 
 

To conclude the observability for the usage of IoT does not seem to be an essential reason for 

adoption. However, in the light of the study, it seems reasonable to consider the observability 

of an innovation as more of a facilitator for adoption than an essential enabler. This is especially 

true when you want to be among the industry leaders and cannot afford to wait and see how 

others adopt the innovations. 

 

4.7 Compatibility 
One of the critical aspects of innovation adoption is compatibility. Like Moore and Benbasat 

(1991), Roger (2003) and, Yap and Chen (2017) all argue, innovation should be compatible 

with an organisation's existing values and needs as well as previous experiences. This is also 

something that Informant 1 (2018) argue is one of the most important aspects of the adoption 

of IoT technology for the products at Company A.   
 

4.7.1 Experience 

According to Informant 1 (2018), Company A has been working with small devices and sensors 

for information gathering since at least the early 2000s even though just in smaller projects. 

They are also one of the leading companies in the sector when it comes to automation and has 

a long history of developing automated solutions for their customers. Informant A also 

mentions that the investments in developing IoT solutions for their products come as a natural 

continuation of this previous work. This shows that the use of IoT is compatible with the 

previous experience thus having a foundation within the company. Which in turn will make the 

transition from previous technologies to IoT based solutions smoother.    
 

4.7.2 Customer centricity 

When it comes to Company As values, one recurring theme is their customer centricity. 

Informant 1 explains that one of the most significant reasons for them to invest in their IoT 

solutions is their way of working that always puts the customer in focus. He continues to 

explain that IoT most of the time is implemented as a result to solve the customers' problems. 

(Informant 1, 2018)    
 

“For the most part it is all about trying to relieve the customers’ headache.” (Informant 1, 2018) 
 

We want to optimize the performance of our customers. The main reason for us to do this is that we care 

about our customers. We put the customer first and try to find solutions for their problems. In today's 

society that is all about how to optimize the performance of our machines through the use of connected 

devices and IoT. (Informant 1, 2018)  
 

“The customer centricity is very strong in our company” (Informant 1, 2018)     
 

Sometimes the customer requests a better solution for a problem that they may have. Other 

times they do not know their own needs before a solution is ready. Company A wants to predict 

and solve the problems before they arise, to begin with. Even though they often work in projects 

directly linked to one or several customers the research and development unit is a vital part to 

stay ahead of the competition. The main benefit of IoT is the data collection. By collecting the 

data from their IoT applications all other services that Company A provides for their customers 

are enabled. The data collection is the foundation that makes it so that IoT can be such a 

valuable resource for both Company A as well as their customers. By collecting data Company 

A brings value in various forms to their customers, but they also collect data themselves to be 

able to develop their products further thus bringing even more value to the customers. (Ibid)  
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Whether or not the value from IoT solutions comes from providing functionality that greater 

enhance the value of their products or if Company A collects data to develop their products 

even further, in the end, it is all about creating value for the customer. The customer centricity 

is something that is present in all levels of the organisation similarly also in their sister 

companies. As IoT have the possibility to provide Company As customers with great value, 

this is well compatible with the customer centricity that acts like one of the foundations in the 

organisation.  
 

4.7.3 Sustainable development 

Another of Company As values is their belief in sustainable development. Which Informant 1 

(2018) mentions as one of their competitive advantages. Their commitment to the environment 

can also been seen in their initiative Port 2060 with the vision of a sustainable future for the 

cargo handling industry (Kalmar, 2016b).   
 

“By 2060, all ports will be powered by renewable energy with zero carbon dioxide emissions, 

and have triple productivity as compared to 2013” (Kalmar, 2016b) 
 

Company As work to enable the Port 2060 vision is done by developing sustainable solutions 

that among other things shall reduce fuel consumption optimise the cargo flow as well as lower 

operating costs. (Ibid) According to informant 1 (2018) Company A offer their customers value 

through their IoT solutions by helping them optimise the use of their products and operations 

as well as to reduce maintenance times and costs.  
 

The Vision of Port 2060 that focus on both productivity and a sustainable future through 

providing their customer with sustainable products is well in line with the value that IoT offer. 

The use of IoT is well compatible with both the values of productivity, efficiency and a 

sustainable future.       

               

As a result of these factors, we argue that IoT as a technology does have good compatibility 

with Company A in the form of both values, needs and previous experiences. Further the strong 

alignment between the value that IoT offers and their core values, compatibility acts like one 

of the primary drivers.  

   

4.8 Image 
According to Moore and Benbasat (1991), one thing to take in consideration when investigating 

the reasons behind innovation adoption is how the innovation will enhance the image or social 

status of the adopter. They also argue that the social status or image is one of the most 

significant aspects of innovation adoption.  
 

Informant 1 (2018) explains that the adoption of IoT has had an effect on their company's 

image. IoT has also become a part of their branding and selling arguments. Their customers are 

for the most part well aware that Company A is using IoT and that they as customers can benefit 

from it. Having said that, Informant 1 further argue that the image was not a significant reason 

for the Company to adopt IoT. How IoT help to contribute to their Company image is more of 

a byproduct that came with the actual adoption itself.  
 

In regards to the findings made in the empirical study it can be argued that, contrary to what 

Moore and Benbasat believes, image is actually not necessarily a significant part for innovation 

adoption when it comes to companies. The difference in importance of image for innovation 

adoption found in this study compared to the view of Moore and Benbasat may be derived from 

the difference in individuals and companies. While Moore and Bensabat, Rogers as well as 

Nehemiah, Osden and Pako, (2017) all have applied the IDT in a context of individual 

innovation adoption, this study looks at innovation adoption in an organisational setting. This 

study concludes that even though the enhancement of the company's image may be an 
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advantage, it is not an essential factor for innovation adoption. Thus in the organisational 

context, it is proposed that the image factor is a part of relative advantage rather than its own 

entity.  

  

4.9 Towards a theoretical framework 
When it comes to how companies can harness the power of IoT as well as get performance 

impact for their organisations by enhancing their existing products in a business to business 

environment, we suggest a readjusted technology-to-performance chain model. This model is 

developed by looking at an IoT context but are generalised for performance impact regarding 

enhancing existing products by adopting innovation in a business to business context for 

companies in the heavy industry sector that are innovation leaders in their respective industry.  
 

This study supports a readjusted technology-to-performance chain model that combines the 

two theoretical frameworks of Task-technology fit model as well as The Innovation Diffusion 

Theory. The two main components of the adjusted TPC-model, TTF and IDT, both are 

developed to fit in a context of individual use. With the result from the empirical study in mind, 

this study argues that the revised TPC-model can be applied in a business to business context 

all though it does need some adjustments. This even though all the IDT components do not 

have the same importance for an actual innovation adoption.  
 

If there is a significant enough relative advantage as well as a good enough compatibility an 

organisation may consider an innovation adoption even though there may be a low or almost 

no observability. While observability is non-essential for the innovation adoption, it can work 

as a facilitating condition thus ease the adoption of an innovation and the value creation of said 

innovation. This study finds the observability for an innovation to be less critical for companies 

that are innovation leaders in their industry. When a company is a market leader in their sector, 

like Company A, they may not have anyone to observe or follow. As Company A mentions 

innovation adoption regardless of the observability of said innovation, is still essential to keep 

ahead of their competitors thus maintaining their leading position in the market. For companies 

that are not yet or do not want to be at the forefront of innovation in their field of work, 

observability can work as a facilitator for innovation adoption. In conclusion, the observability 

factor is removed from the final iteration of the suggested TPC-model as it is not an essential 

factor for innovation adoption.  
 

The empirical study conducted for this paper indicates that the image is not a significant reason 

for innovation adoption. Image does not act as a driving force for innovation adoption but is 

instead a relative advantage gained as a by-product of the actual innovation. Hence this study 

suggests that image should not be a separate entity in the revised TPC-model but instead be a 

part of relative advantage.   
 

This study finds that the use IoT technology may represent a high complexity for the Company 

A but since the relative advantage, as well as compatibility, is great enough innovation adoption 

still occur. Company A has chosen to work around this complexity through acquire smaller 

companies with the right competency or by hiring the right people. It might, however, be that 

the complexity may be enough of an obstacle for innovation adoption if the right competence 

is too difficult to get hold of. If an innovation adopter cannot get the right competency to bridge 

the complexity, this will hinder the adoption. Thus complexity is kept in the final TPC-model 

presented by this study.  
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5. Conclusion 
RQ 1 - What would a theoretical model look like with the performance impact in focus, when 

innovation-driven companies are adopting IoT on their existing products or services? 
The results of this study indicate that a revised TPC-model can be used when researching the 

performance impact of IoT adoption by innovation-driven companies. (See Figure 7). This 

study argues that the performance impact is dependant on two factors in the form of Task-

technology fit and Innovation adoption. A task-technology fit is gained by looking at Task 

characteristics, Company characteristics as well as Technology characteristics. The 

innovation adoption is reliant on four key adoption factors. These four factors are Relative 

advantage, Complexity, Trialability, and Compatibility. 
 

RQ2- How does IoT adoption improve these companies performance? 
The technical characteristics of IoT can provide a company with a competitive advantage if the 

company has the characteristics and task requirements that fit the IoT attributes. In order to 

fully harness the power of IoT, companies need to consider how to adapt the technology, which 

is affected by the four key adoption factors (see figure 7). When a company has fulfilled the fit 

and adoption requirements, a competitive advantage can be gained. With IoT-enhanced 

products or services, a company can offer their customers innovative solutions such as data 

collection and predictive maintenance which gives them a competitive advantage. The use of 

IoT is used to enhance the customer experience and efficiency further when using these 

products. This can be used to gain new customers as well as retain old ones. Thus improving 

the performance of the company relative to its competitors.  
 

 
Figure 7: Modified TPC model  
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Task-technology fit 

 Task characteristics -  the actions carried out by a company to turn input to out 

 Company characteristics - the characteristics of the company adopting the innovation. 

 Technology characteristics - tools used by companies in carrying out their tasks 
 

Innovation adoption  

 Relative advantage - the benefits the user will get by adopting the innovation. 

 Complexity - how difficult an innovation is to adopt, operate and understand. 

 Trialability - the ability to test an innovation to see how it can benefit the value creation 

in the company. 

 Compatibility - how compatible an innovation is with an organisation's existing values, 

needs and previous experiences.  
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6. Discussion 
The purpose of this study is to fill the research gap of the critical factors for companies to get 

a performance impact from their IoT investment. This is done by conducting an empirical case 

study of a company in the heavy industry sector. The empirical research lets this paper develop 

a preliminary theoretical model for the performance impact of IoT adoption in a business 

context. However, this model needs further validation to see how strong the dependencies in 

the model actually are.  
 

There is also the question of generalizability. The case was selected as a typical instance for 

innovation leaders in the heavy industry sector and specifically for IoT adoption. Thus further 

research have to be done in order to see the generalizability of the model for other innovations 

and business contexts. If the theoretical model presented in this paper is found to be 

generalizable for the performance impact of IoT adoption in other business sectors as well, it 

may represent a practical foundation for companies looking to enhance their existing products 

with IoT. The model is however thought only to be applicable to companies that strive to be, 

or are innovation leaders in their respective industry. This is due to the fact that some of the 

factors, mainly observability is thought to be looked at differently by innovation leaders.  
 

The theoretical contribution is mainly in the form of the preliminary theoretical model 

presented. This model acts as a starting point for further research in the area. Further research 

of this model can be of great interest for both the academic and practical world. There is a great 

need for a theoretical framework able to explain the performance impact when companies adopt 

IoT as well as for other innovations. For the practical implementation it is of great importance 

since a tremendous amount of money is spent on the adoption of new technologies such as IoT. 

At the same time, not enough company leaders feel like their IoT investments pay off. This 

theoretical model could help them to better understand the factors leading to performance 

impact when adopting IoT.                
 

6.1 Future research 
For the purpose of verifying the model suggested by this paper further research needs to be 

done. A quantitative study could be used to verify the strength of the dependencies in the 

revised TPC-model and thereby validating the usefulness of the model. 
 

Further research also needs to be done in order to generalize the usability of this model for 

other types of innovations as well as different types of industries. Here case studies could be 

used as an option to validate the model in other contexts beyond the settings of this case. 

Another aspect for generalization is how well the model can be used in a context that is not a 

business to business setting. 
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Appendix Interview guide 
 Skulle du kunna börja med att berätta lite om de IoT-lösningar som ni erbjuder? 

o Hur länge har ni på Kalmar industries arbetat med IoT? 
o Hur skapar era IoT-lösningar värde för era kunder? 

 Ni arbetar mycket med automatisering och digitalisering, hur relaterar IoT till detta 

arbete? 
 Utvecklar ni era egna lösningar eller köper in färdiga lösningar som anpassas till era 

maskiner? 
 Hur har arbetat med utvecklingen av era IoT-lösningar sett ut? 

o Om du ska beskriva processen från koncept till färdig produkt, hur det arbete 

sett ut? 
o Vad har varit Svårt respektive Lätt med framtagandet av era IoT-lösningar? 

(Varför?)  
o Hur har ni arbetat med att testa produkterna innan lansering? (Hur viktigt har 

detta varit?) 
 

 Vilken kunskap fanns om IoT, i företaget innan ni påbörjade er IoT-satsning? 
 

 Hur har ni arbetat med att få rätt kompetens till företaget?(utbildningar, konsulter, 

anställa kompetens, något annat) 
 

 Hur har det varit att få rätt kompetens till företaget? (Svårt/Lätt) 
 Varför valde ni att implementera IoT i era produkter? (Vilka bakomliggande faktorer 

har det funnits?) 
o Fanns det krav från kunder på smartare lösningar?  
o Fanns det konkurrenter som hade börjat arbeta med implementera IoT i sina 

produkter?  
 om ja, hur påverkade detta ert arbete med att själva börja använda IoT? 
 Har detta eller IoT-användning inom andra branscher inspirerat er i ert 

arbete?  
o Fanns det en bakomliggande intern drivkraft att vara innovativ? 
o Såg ni andra potentiella konkurrensfördelar med att implementera IoT i era 

produkter? 
 

IoT är ett relativt nytt koncept som på senare år fått allt mer uppmärksamhet samtidigt som allt 

fler företag har upptäckt dess potential. 

 Vilka utmaningar har funnits med att anamma denna relativt nya teknologi som IoT? 
 Ser du några risker med det? 
 Hur påverkar användningen av IoT er företagsimage? (dvs consumers’ perception about 

the brand) 
o Är företagets image en anledning till att ni använder IoT? 

 

Om vi tänker lite på vad användningen av IoT har resulterat i för er 

 Vad skulle du säga att ni har fått ut från implementationen av IoT på era produkter? Hur 

skapar IoT värde för er (Kalmar Industries)? 
o Vilken feedback har ni fått från era kunder? 
o Lättare att skaffa kunder? 
o Används den funktionalitet som IoT erbjuder som ett säljargument?  

 Hur avgörande tror du det är för kunder när de jämför er med era 

konkurrenter? 
 Har implementationen av IoT för era produkter, påverkat er position på marknaden? 

o Hur skulle du säga att den har påverkats?   
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Om vi övergår till att prata om era SmartTrucks, du får gärna ta upp andra exempel på produkter 

om du vill.  

 Hur används IoT i era produkter? 
o Vilka problem ska IoT hjälpa till att lösa? 
o Hur används IoT för att lösa dessa problem?  
o Varför passar IoT för att lösa dessa problem? 
o Finns det andra uppgifter som IoT hanterar? 

 Hur hanterades dessa uppgifter innan ni implementerade IoT? 
 Vilka fördelar ger användningen av IoT på era smartTrucks jämfört hur det såg ut 

tidigare? 
 


