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Chapter 1: Introduction   

1.1 Background 

Nowadays enterprises and their business models are changing rapidly and radically. 

According to Westerman et al. (2014), today’s businesses are subject to a wave of innovations 

with a magnitude not been seen since earlier industrial revolutions. According to Forbes and other 

forecast institutions such as the German initiative of Industrie 4.0 (Industry 4.0, 2017) that was 

defining the 4th industrial revolution of manufacturing, official related to what it expresses, 

referring to the Germany’s broader strategic innovation as a country developed by Germany Trade 

and Invest seeking leadership in the global market of manufacturing. Its reports are considered 

important and related to new technologies), the IoT (Internet of Things) implementation, which 

often is referred as a major part of digital transformation of manufacturing, will be drastically 

increased the coming years. Industrie 4.0 will be a huge paradigm shift with major impact on and 

will transform almost every industrial business model in the areas of manufacturing (Forbes, 

2016). 

One important ingredient in this revolution is the availability of cheap sensors and wireless 

communication, interoperability components that could be used on products, carriers and machines 

to increase value in many different ways. This sensor and communication driven technology 

sometimes is explained as the part of and the physical enabler of Industry 4.0. A commonly mistake 

is to put Industry 4.0 as a synonym for IoT and vice versa because IoT is just the interoperability 

technology and an enabler behind Industry 4.0 (Industry 4.0, 2017), IoT is useful not only for the 

manufacturing industry but for many other businesses and purposes (Schleich, 2017). 

In a historical perspective, Industry 4.0 was stipulated as being the initiative to secure the 

future of the German industry (i-sccop, 2016) with purpose of being more competitive and 

decrease the harmful outsourcing trend of moving production from Germany to low cost countries 

such as China or India. The idea of the German government was to promote a high degree of 

computerization and automation within the German manufacturing industry to be competitive 

towards low cost work force countries with only manual assembly. The initiative of this high-tech 

strategy project was named, Industrie 4.0 (BMBF-Internetredaktion, 2016) 

In addition to the use of the Internet of Thing as a component of functionality, the present 

can be used as a virtual copy of the physical world but also as technical assistance through actions 
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such as robotics, visualization systems and artificial intelligence (Lawrence, 2016). 

To adopt and being aligned with Industry 4.0 this means huge investments in information 

and sensor technology, in robotics but also in creating new ways of working with impact on 

organizations on all different levels. This condition and the entrance of this new era is often 

referred as digital transformation, and will be drastically increased the coming years. (Forbes, 

2016) 

The reason is based on the fact that IoT can deliver the most value, and that is in solving 

complex logistics, manufacturing, services, and supply chain problems. (Forbes, 2016). In order 

to be more specific, as Forbes summarize, the main institution of innovation such as Bain, predicts 

that by 2020 annual revenues could exceed $470B for the IoT vendors selling the hardware, 

software and comprehensive solutions. (Forbes,2016). 

 In addition to that, McKinsey summarizes the total IoT market size in 2015 was up to 

$900M, growing to $3.7B in 2020 attaining a 32.6% CAGR and General Electric predicts 

investment in the Industrial Internet of Things (IoT) is expected to top $60 trillion during the next 

15 years. Finally, IHS forecasts that the IoT market will grow from an installed base of 15.4 billion 

devices in 2015 to 30.7 billion devices in 2020 and 75.4 billion in 2025 (Forbes, 2016). With the 

Internet of Things (IoT) poised to generate billions of dollars in economic value over the next ten 

years, companies have flocked to the IoT platform market, vying to become the go-to vendor. 

Platforms account for just €15 billion of the €250 billion will be spent on IoT in 2020. (BCG, 

2017) 

Furthermore, it is important to mention that the economic value of the IoT is brilliant. Cisco 

an Deutche Bank have performed a bottom-up analysis of 21 private sector and 40 public sector 

use cases to be able to estimate the economic value IoT might create worldwide between year 

2013-2022. In the private sector, the estimated value at the stake is $14.4 trillion and for the public 

sector, $4.6 trillion is at the stake (Cisco, 2013).  

On the other hand, it is widely known that at the case of business investment, and especially 

at the scenario of digital transformation of the business, uncertainty is considered as a main 

drawback. More than 350 different IoT platforms on the market today are challenging the 

enterprises to identify strategic functionalities such as which platforms are covering both current 
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and future business needs, which platforms have the capability of surviving this war or will 

disappear from the market etc. (Boston Consulting Group, 2017). A simultaneously activity to be 

done when functional needs are to be analysed trying to match them with different platforms. BCG 

suggests that companies also should evaluate their risk appetite as well as identifying the key 

factors and ecosystems from the different vendor’s perspective and try to determine which of the 

companies satisfies their unique business needs. (BCG, 2017) 

The general definition of IoT as well as the widely approach of possible applications, can 

create difficulties for businesses to be able to identify and capture business value. (Gartner, 

October 2016). On contrary, for the reasons that we already stated, and as the existing research 

empower, companies who fails to adapt and integrate IoT in their own business processes will 

probably see their business models turning obsolete or struggling with attaining competitive 

advantages (Liu et al., 2011). Summarized, today’s challenges for an enterprise is not only to 

identify functional needs or to learn from own or other failures when marketing IoT towards its 

customers, the reduction of uncertainty starts with knowledge and understandings of customers 

business need for their further investments. 

 

1.2 Problem discussion   

Even if the IoT implementation can significantly increase business value, it could also 

create difficulties on businesses capturing and identify the possibilities. In other words, it is 

important for the customers to really understand the value of an implementation of IoT in their 

business. For that reason, the purpose of this thesis is to investigate the how and if the customer 

uncertainty can be reduced when deciding to introduce IoT and its supportive services applied to 

an industrial enterprise (Gartner, October 2016).  

It is well known that uncertainty often becomes a barrier even for a profitable business 

strategy and the implementation of IoT is no exception because it does influence profitability of a 

business. Even if there are many scientific papers that analyse the IoT from different perspectives 

such as the manufacturing, logistics, utilities, service market, there is a scientific gap on how 

companies who sell PowerTools (power tool companies) with implemented IoT technology (IoT 

PowerTools) can reduce the buyer uncertainty and consequently increase their sales and profit. In 
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order to be more specific, how the power tool companies can meet the customer needs and promote 

the relevant IoT PowerTools attributes to the customer. Once the customer understands the values 

of IoT for power tool (and consequently his level of uncertainty will be reduced), the willingness 

to pay for IoT power tool attributes will be increased.  As many researchers concluded, customer’s 

perception of value strongly affects their purchasing behaviour (Yang et. al, 2009).  

According to Ostrom and Lacobucci (1995) value appears to be closely interlinked with 

cost and pricing, relative to quality. In order to be able to understand how the IoT create value to 

the customer, it is important to define value, the value may be one of the most overused and 

misused terms in marketing and pricing today. (McKinsey, 1997). Value has a broad definition 

and is much easier to define within a specific context. Value is defined as the worth, importance 

and usefulness of something. Applied to the context of a customer it is commonly accepted that if 

a product or service is important for a customer and it fulfil the customer needs, willingness of pay 

will be increased. On the other hand, we do not have to underestimate the importance of the unique 

needs of each customer (McKinsey, 1997).  

According to Zeithaml (Zeithaml, 1988) the relationship between Consumer Perceptions 

of Price, Quality, and Value has been defined by many authors. One definition of “value” is “the 

consumer’s overall assessment of the utility of a product or service based on perceptions of what 

is received and what is given”.  

Other similar definitions of “value” many researchers being stated as the real essence of 

revolves around the “trade off” between the benefits a customer receives from a product and the 

price they pay for it (Dodds, Mouroe, and Grewal 1991; Gale 1994; Ostrom and Iacobucci 1995; 

Woodruff 1997; Slater 1997; Wang, Lo, and Yang 2004; Lindgreen and Wynstra 2005, McKinsey, 

1997). 

In other words, the relationship between value and price can influence the purchase 

decision. In addition to that and already mentioned, the value depends also for the fulfilment level 

of the unique customer expectations. As Hui states as an example, the traditional products can 

fulfil existing needs and lifestyle in a reactive manner while the IoT products, can address real 

time and emergent needs in a predictive manner (Hui, 2014).  

For all companies that needs to adopt IoT in their current business or to start new ones, 
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there is a struggle of choosing right IoT-provider out of 350 different suppliers. According to 

Boston consultancy, this group of buyers are looking for insight to be able to make the best choice 

when selecting an IoT platform. The most useful approach, according to BCG, is to identifying 

key factors and ecosystems from the different vendor’s perspective trying to determine which of 

the companies will win the IoT platform wars (BCG, 2017). 

With the Internet of Things (IoT) poised to generate billions of dollars in economic value 

over the next ten years, companies have flocked to the IoT platform market, vying to become the 

go-to vendor. Platforms will be accountable for €15 of those €250 billion that BCG are expecting 

to be spend on IoT in 2020 (BCG, 2017). 

 

1.3 Specific problem discussion 

As already mentioned, even though the value of the IoT from the marketing perspective is 

widely analysed, the uncertainty these buyers are experiencing, derives from uncertainty because 

to many enterprises IoT are to be considered as a black box. Nowadays, the companies follow a 

customer-oriented approach and one of the main requirements is not only to develop value for 

money products, but also to market them in a way that the customer can understand its value. 

(Kronqvist&Martinez Olsson, 2016, NICB 2012, Vanderpool, 2016).  

At this point, it is important to mention that products enriched with the IoT services are 

considered as a customer oriented science (Xia et al., 2012). In other words, it is widely known 

that customers often doesn’t know the potential value their products, when IoT is implement, can 

bring to their business. For that reason, the supplier needs to promote the IoT product attributes in 

a way that can meet the specific customer requirements but also eliminate customer uncertainty.  

In order to identify these attributes, the authors will investigate both value and correlated 

uncertainty of IoT on PowerTools (for an example; Power tool with an IoT-implemented 

technology can automatically be tracked and traced, while a power tool without, can’t), through 

customer and user questionnaires, categorize in different attribute types (attractive, one 

dimensional, must be, indifferent or revere attribute). These questions will be combined with 

certain grades of uncertainty. Additionally, the needed theoretical background will be presented 

by using different scientific papers and keywords such as IoT, product attributes, customer needs 
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and uncertainty.  

 

1.4 Thesis’ structure 

This work is going to study how consumer uncertainty can be reduced when deciding to 

introduce IoT and its supportive services for application to an industrial enterprise and in particular 

to the PowerTools industry. The first chapter presented the history and will discuss the problem 

design and its purpose. The second chapter focused on the study of the practical application of the 

IoT to work tools through the categories of applications. A reference will be made to applications 

related to smart devices for home, industry, cities in general, transportation and procurement, 

retail, smart actions and measurements, as well as properties of autonomous information systems. 

A reference will be made in the third chapter to devices that detect fires and others that act as part 

of the business strategy. The fourth chapter presents the methodology of the research focusing on 

the benefits for customers and society in general. The work will close with the fifth and final 

chapter where the results and conclusions that will be drawn in relation to the theory and the 

research will be recorded. 
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Chapter 2: Literature Review 

2.1 Introduction 

As we already mentioned, in order to be able to identify the correlation between IoT 

PowerTools attributes and the different level of customer uncertainty, the theoretical basis needs 

to be presented. Even if the analysis of our thesis will be based on two different and widely 

accepted on the scientific word models which are The Kano model and the Dimokas framework, 

the needed additional theory will be presented on the following chapter. Before the analysis of the 

basic model of the project a general perspective of the IoT will be developed in order the one be 

understandable by the readers. 

 

2.2 Practical application for IoT in PowerTools 

PowerTools have long been an auxiliary resource for various industries, as they help workers 

in every industry. With special features like electric motors, PowerTools help to eliminate intense 

manual labour. In what began as a poor decade in sales of PowerTools, financial stability in 

construction and the automotive industry paved the way for innovations in the tool market 

(Mehnen et al., 2017) 

With their dominance in the tool market, PowerTools show exciting trends and innovations, 

with new models of existing tools and some completely new tools. The following are some of the 

trends driving the purchase of PowerTools today (Nayak, 2017): 

1. Wireless PowerTools 

There was a change from the cord to the cordless PowerTools. While corded tools still have 

significant sales, the transition to wireless is important. Wireless PowerTools include batches of 

battery-powered tools such as saws, circular saws, presses, drills, screwdrivers and more. These 

tools are ideal for welding, grinding, cutting, metallurgy and other applications. Switching to 

cordless PowerTools shows the desire for a more mobile tool. Today’s wireless tools are also able 

to work longer with one charge than in recent years. For example, a major power tool manufacturer 

has managed to increase their sales of PowerTools by 5% due to the introduction of wireless 

PowerTools (Li and Mi, 2015). 
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2. Changes to batteries 

With the growing prevalence of cordless PowerTools, long battery life is only one of the 

many features that complement these devices. As a result, a new change in the power tool market 

is in progress, that of lithium-ion batteries, replacing nickel-cadmium battery-operated tools as 

well as nickel-metal hydride batteries. A lithium-ion battery is smaller and lighter than its 

equivalent and does not self-discharge, allowing it to last for months. Lithium-ion batteries also 

offer higher energy density or Watt-hours in smaller packaging sizes, making them more efficient. 

This allows the battery to drain more power and work longer than the nickel-cadmium battery. 

The average lithium-ion battery maintains a 12-month battery charge, while the nickel-cadmium 

battery lasts only a few months. There are hundreds of lithium-ion batteries, which have different 

voltages and potentials (Wagner et al., 2013). 

3. Product developments 

In addition to increased sales for existing PowerTools and batteries, there are new products 

in the industry. Companies are pursuing research and development (R & D) efforts to enhance the 

power and life of the tool. For example, one of the largest power tool manufacturers, Stanley’s 

Dewalt, recently released a new innovation called Flexvolt™. This is a battery that automatically 

changes its voltage with every tool it uses and is the first of its kind in the world with this feature. 

Milwaukee is a leader in the development of wireless tools with the 9.0Ah battery 

circulation, which have a type of lithium-ion battery. This battery lasts 5 times longer than normal 

lithium batteries. It keeps about 35% more power while being used in heavy applications. This 

type of battery is based on low impedance and high power cells. It is also recharged faster than 

conventional lithium-ion batteries (Kim et al., 2015). 

There have been developments in grinding tools through Matabo, a power tool manufacturer 

based in Germany, who has made progress with a new flat-headed grinder collection. These 

grinders have a small head design that enters confined spaces and provides access to narrow 

corners up to 43 degrees. This grinder makes metalworking at narrow angles a safe choice, unlike 

previous flat grinders. Efficiency is an important factor in product development, especially in the 

Matabo case, where the new grinders include 75% longer battery life (Yuan and Tuan, 2014). 

The PowerTools market is on the rise and there are four leading manufacturers earning 
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nearly half of the world's PowerTools market: Robert Bosch of Germany, Emerson Electric Co. 

of the UK, Makita, Stanley, and Black and Decker of the United States. In addition to these four 

companies, there are other major PowerTools manufacturers around the world who play a role. 

This, in part, stems from the growing demand for PowerTools worldwide. In the US, the demand 

for PowerTools increased from $3.5 billion in 2011 to $4.6 billion in 2016. At the global level, 

the demand for PowerTools is estimated at 4.8% per year, reaching 32.9 billions of dollars by 

2018. With the growing international demand, more manufacturers will enter the market and 

compete with major players, which can help boost innovations (Kim and Mauborgne, 2014). 

 

2.2.1 First category of applications 

The first category includes the idea of millions of heterogeneous smart and interconnected 

devices with unique IDs that interact with other devices / objects, infrastructures and the natural 

environment. In this category, IoT plays a large part in the role of command, control and route. 

As with all aspects of IoT, safety and security are of the utmost importance (Bassi et al., 2013). 

These applications are not intended to extract data from people’s behaviours, but rather to extend 

automation and machine to machine, machine to infrastructure, machine to nature, and 

communications in general that can contribute and help simplify people’s lives (Bandyopadhyay 

and Sen, 2011). 

 

2.2.2 Second category of applications 

The second category relates to the processing of the data collected by the end nodes (smart 

devices with sensors and connectivity) and the finding of data on trends and behaviours that can 

generate useful marketing information in order to create additional trade.  

The companies that sell credit cards, as well as the cards of store members are already 

tracking and using people’s behaviour to modify their offers in order to increase the sales. Now 

the question is how far this data exploitation will go. Cases of use could include tracking the stores 

we visit and the time we spent during our purchases, even the kind of items we kept and navigated. 

Such scenarios are easily feasible by using a mobile phone with GPS, RFID and the smart / 

wireless labels in stores. The result could be as simple as an e-mail offer or push services at the 
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points of sale. Thus, it can be seen that in this category the IoT enables the data collection on every 

aspect of everyday life with pleasant or unpleasant consequences. This second category, and 

particularly the discussions about privacy, security and social responsibility that goes with self-

awareness, has connected the world (Miorandi, 2012). 

 

2.2.3 Examples of applications 

When we crossed the threshold of finally connecting more objects than people on the 

Internet, a huge window was opened that gave us the opportunity to create applications in areas 

such as automation and machine-to-machine communication. In fact, the possibilities are almost 

endless. The application areas include urban planning, waste management, environment, social 

interaction, emergency response, smart purchases, home automation devices, smart meters, and 

more. The following examples highlight some of the ways that IoT changes people’s lives for the 

better (Gubbi et al., 2013). 

 

2.2.4 What’s on the market 

The Liechtenstein based tool manufacturer Hilti have been pioneers in the area of IoT for 

PowerTools with their product On!Track. Based on On!Track Hilti offers a whole ecosystem for 

managing PowerTools but the solution works for almost all assets from all brands. 

The Hilti-system is based on both smartphone apps and a classic client application. The 

solution uses RFID-tags as the identifier, a tag that is mounted on the different assets and gives the 

possibilities of identify and track the location of a specific tool. The system also supports 

inventory, maintenance schedules, rental information, employee training/certifications, cost 

allocation and similar (Abdul-Hamid, 2014). 

The tool manufacturers Bosch and Milwaukee got similar solutions as Hilti when it comes 

to asset management but there is also differences. Both Bosch and Milwaukee offers a smart 

communication chip that could be mounted on (Milwaukee) or installed in (Bosch) the power tool. 

The chip acts as a bridge between the tool and the smartphone app through Bluetooth. This solution 

opens up possibilities of receiving data from a tool to follow up usage and performance from a 
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specific tools or even a fleet of tools. There is also possible to remotely lock or disable a tool or 

even track the location of a tool from almost anywhere. In opposite direction, the app and the 

communication chip could also be used for personalization and adjustment by sending data to a 

specific tool. This also gives the manufacturers the possibility of downloading upgrades or fix bugs 

or error on a power tool remotely.  See Market analysis in Table 6-0-1 

For all other major manufacturers of PowerTools s.a. Makita, Hitachi, Panasonic, Ryobi, 

AEG, Einhell, Metabo Black&Decker, Festool, Mannesmann or Atlas Copco there is nothing 

similar in their product range or roadmaps similar to what Hilti, Bosch, Milwaukee already have 

on the market or what DeWalt soon will release. See table 6-0-1 

 

2.2.5 The smart home 

Future smart homes will have “consciousness” about what is going on inside a building, 

mainly influenced by three aspects: resource use, safety and comfort. The goal is to achieve better 

levels of comfort as well as a reduction in the overall costs. In addition, smart homes will be able 

to adequately address safety issues through complex security systems to detect fire, theft, or illegal 

entry. 

Based on the information they receive and analyse, manufacturers could help customers 

and clients avoid breakdowns and performance problems. (Vanderpool, 2016).Theft of 

construction equipment is a major issue. According to the National Insurance Crime Bureau, as 

much as $1 billion worth of construction tools and equipment is stolen each year and 90% of this 

amount is taken from work sites. Utilizing RFID tags or sensors that provide GPS coordinates 

make it easy to, in real time, track not only the operation of this equipment, but its location. 

(Vanderpool, 2016). 

 The actors involved in this scenario are a very heterogeneous group.  Various operators will 

collaborate inside the house of each user, such as Internet companies, device manufacturers, 

telecommunications operators, media service providers, security companies, utility companies, 

etc.(Soliman, 2012): 

1. Use of energy and water: Energy and water consumption are monitored so as to take the 

proper decisions to reduce resources and costs 
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2. Remote control devices: These devices can be enabled and disabled remotely to avoid 

accidents and save energy. 

3. Intrusion detection systems: Windows and doors detection to identify violations and 

prevent intruders. 

4. Perimeter access control: Access control in restricted areas and detection of people in 

unauthorized areas. 

 

2.2.6 Smart cities 

Although the term smart city is still a vague concept, there is a general agreement that it is 

an urban area that creates sustainable growth and a high quality of life. The model clarifies the 

characteristics of a smart city, including economy, people, governance, mobility, environment and 

living. By overcoming these key areas, implementation can be achieved through strong human 

strength or social capital and infrastructure. For the latter, a first business analysis concludes that 

many sectors and industries will benefit from the more digitized and smart cities (Zanella et al., 

2014). 

a) Status study: Monitoring of vibrations and material conditions in buildings, bridges and 

historical monuments. 

b) Urban noise maps: Real-time audio tracking in bars and central zones. 

c) Smart phone Tracking: Locating iPhone and Android devices and generally any device that 

works with Wi-Fi or Bluetooth interfaces. 

d) Smart lighting: Intelligent and customizable illumination based on weather conditions on 

streetlights. 

e) Waste management: Detection of garbage levels to optimize waste collection routes. 

f) Smart roads: Intelligent highways with warning messages and diversions depending on the 

climatic conditions and unexpected events like accidents or congestion. 

 

2.2.7 Smart industry 
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In a global supply chain, the companies will be able to track all their products through radio 

frequency identification tags. As a result, companies will reduce their operating costs and improve 

their productivity. Also, machine maintenance will be facilitated by the connected sensors, 

allowing real-time monitoring of the proper operation and performance of the plant equipment 

(Shrouf, Ordieres and Miragliotta, 2014). 

In general, the IoT will provide automated procedures that entail a drastic reduction in the 

number of employees needed. Employees will be replaced by bar code scanners, readers, sensors 

and actuators, and eventually by complex robots as effectively as a human being (Da Xu, He and 

Li, 2014). 

Undoubtedly, these technologies will bring opportunities for employees in new white-

collar positions, and a large number of techniques will be needed to program and repair these 

machines. This is synonymous with the need to create new jobs, particularly in the field of 

maintenance, but it is also a new challenge to move forward and develop such types of jobs to 

avoid unemployment. 

1. Indoor air quality: Monitoring of toxic levels of gas and oxygen in the workplace to ensure 

the safety of employees and goods. 

2. Temperature monitoring: Temperature control inside industries and refrigerators 

containing sensitive goods. 

3. Presence of ozone: Monitoring of the ozone levels during the process of drying the meat in 

food factories. 

4. Indoor monitoring: Indoor area evaluation using active Zig Bee and passive labels (RFID 

/ NFC). 

 

2.2.8 Transport / Supply 

In transport/supply, IoT not only improves material flow systems but also the global 

positioning and automatic identification system for goods. It also increases energy efficiency and 

therefore reduces energy consumption. Thus, IoT is expected to bring about profound changes in 

the global supply chain through smart freight transport. This will be achieved through the 
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continuous synchronization of supply chain information and uninterrupted tracking in real time. It 

will make the supply chain transparent, visible and controlled, allowing the smart communication 

between people and freights/cargo (Brachmann, 2012). 

a) Traffic jam: Tracking vehicles and pedestrians to optimize driving and light traffic. 

b) Smart Parking: Tracking parking spaces for the availability of vacancies in the city. 

c) Quality of loading conditions: Monitoring of vibrations, hits and check packages to ensure 

they stay closed throughout the trip. 

d) Item placement: Search for individual items in warehouses or ports. 

e) Storage / Incompatibility / Detection: Emissions warning for the transport of flammable 

goods and the isolation of those containing explosive materials. 

f) Product tracking: Monitoring of the routes used for the transport of sensitive products such 

as medicines, jewellery or dangerous goods. 

 

2.2.9 Retail sale 

The IoT understands both customer needs and business needs. It compares the price of a 

product with other products of the same quality with a lower price and gives information not only 

to customers but also to stores and businesses. This information in real-time helps businesses 

improve their purchases and meet customer needs. Obviously, large retail chains will take 

advantage of their dominant position to strengthen and enforce the future of the IoT retail market. 

In particular, companies with control positions will be able to promote the adoption of IoT because 

of their huge market share (Bardaki, Kourouthanassis and Pramatari, 2012). 

1. Procurement Control: Monitoring storage conditions and product tracking. 

2. NFC payment: Processing payments based on area or duration of activity for public 

transport, gyms, theme parks etc. 

3. Smart Purchase Applications: Point-of-sale advice according to customer habits, 

preferences and updates for allergic ingredients or expiration dates. 

4. Smart Product Management: Checking products on shelves and warehouses to automate 
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inventory enrichment processes. 

 

2.2.10 Remote Patient Monitoring 

Control and prevention are two of the main goals of health care. Already today, people have 

the ability to be monitored and examined by experts even if they are in a different place. 

Monitoring people’s health history is another aspect of IoT that shows great flexibility. Business 

applications could offer the possibility of medical services not only to patients but also to experts 

who need information to proceed with their medical assessment. In this field, IoT makes human 

interaction much more effective since it allows not only the identification but also the monitoring 

of patients.  

The provision of information about the patient’s condition makes the process more effective 

and makes people much more satisfied. The most important factors in this scenario will be public 

and private hospitals and institutions. It is worth noting that the telecommunication operators are 

quite active in e-health (Jara, Zamora-Izquierdo and Skarmeta, 2013). 

• Fall Detection: Assistance for the elderly and the disabled who live independently. 

• Medical refrigerators: Control of conditions in freezer cabinets used for the storage of 

vaccines, drugs and organic elements. 

• Athletes Care: Checkpoints in high performance centres. 

• Patient monitoring: Patient monitoring in hospitals and nursing homes. 

• Ultraviolet radiation: Measuring of the ultraviolet radiation of the sun to warn the world 

to avoid exposure to the sun in specific hours. 

• Better quality of life for the elderly: The world’s population is growing. In fact, about 1 

billion people aged 65+ should be classified while they have reached the “non-working 

age” since the middle of the century. IoT can greatly improve the quality of life for the 

growing number of the elderly. For example, imagine a small mobile device that is 

customized on us that can detect a person’s vital signs and send a warning to a healthcare 

professional when a certain limit has been reached or the notification that a person has 

fallen down and cannot get up. 
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2.2.11 Smart Energy 

This field has many associations with other scenarios such as smart home and smart city. 

The key issue in these scenarios is to identify ways to save energy. This refers to what is known 

as a smart grid. In this area of application, initiatives involving more distributed energy production 

should be highlighted, since many homes today have a solar panel, for example. As a vital 

component, smart meters are considered a prerequisite for enabling smart monitoring, control and 

communication in grid applications (Pan et al., 2015). 

Thus, by combining the supply and demand analysis, energy companies will be able to 

provide more efficient demand formation. They will not only provide incentives for consumers 

but will actually turn off unnecessary devices. In addition, these must be done automatically. Here, 

we are again faced with a heterogeneous scenario with the participation of various stakeholders. 

The main factors are, of course, energy utilities, and the public bodies will be important players. 

1.Smart Thermostats 

2.Load controllers 

3.Plug-in electric vehicles 

4.Smart Devices 

5.Width extensions 

6.Energy Interconnection Services 

7.Converters 

 

2.2.12 Smart Livestock 

In the Internet of Things, even cows should be connected. A special report on the 

Economist titled “Enhanced Entrepreneurship” describes how cows should be monitored. Thus, a 

newly established Dutch company implanted sensors in cattle ears. This allowed farmers to 

monitor the health of cows and their movements, ensuring a healthy, more abundant supply of 

meat for people to consume. On average, each cow generates about 200 MB of information per 
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year (Herrero, 2010). 

1. Hydroponics: Monitoring the conditions of plants grown in water to get maximum yields 

of crops. 

2. Care of offspring: Monitoring the conditions of growing offspring in animal farms to 

ensure their survival and health. 

3. Animal Monitoring: Identification and recognition of animals grazing on meadows or large 

stables. 

4. Study of toxic gas level: Ventilation study and farm air quality for the detection of harmful 

gases from faces. 

 

2.2.13 Smart Measurement 

Smart measurement applications offer the benefits of improved reliability and precision 

ease of calibration, security and advanced charging features as well as the opportunity to better 

manage energy use (Heo and Jeon, 2009). 

1. Smart Monitoring: Monitoring of energy consumption and management. 

2. Level Monitoring: Monitoring of water, oil and gas levels in storage tanks. 

3. Photovoltaic installations: Monitoring and optimizing efficiency in the field of solar 

energy. 

• Water flow: Measurement of water pressure in water transport systems. 

• Measurement of material: Measurement of the vacuum level and the weight of the 

merchandise. 

 

2.2.14 Smart Agriculture 

There is a wide range of agriculture based on various practices and applications that have 

the potential to increase food production and adaptability of the food production system as well as 

to reduce emissions and to enhance carbon storage in agricultural soils and the biomass (TongKe, 
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2013). 

 

2.3 IoT and semantic technologies 

In 2010, SRA recognized the importance of semantic technologies for discovering devices 

as well as in achieving the semantic interoperability. Over the last few years, semantic web 

technologies have demonstrated their ability to link web-of-data concepts, while other related tools 

and techniques have just emerged. This could be based on the prior integration of technologies 

(e.g. sensor technologies) into IoT infrastructures and applications (Chen, 2012). 

Semantic technologies are an extension of the current web, which will bring structure to 

the essential content of the web pages. The logic behind them is that the published information 

will contain metadata, which will be common to all and can be “understood” by machines, which 

will help them to better collect and process them (Chen, 2012).  

Will also play an important role in facilitating the sharing and reuse of virtual objects as a 

cloud service. With semantic enrichment of virtual objects, we will be able to understand how the 

semantic commenting on web pages has been allowed in the semantic web. The idea of having a 

semantic base will help IoT users to independently find virtual objects in order to improve the 

performance and efficiency of the IoT applications they are going to use (Gao and Bai, 2014). 

 

2.3.1 Autonomy 

Impressive advancements in technology have introduced more and more complex and 

large-scale computers and communication systems. What we call autonomous computing, inspired 

by biological systems, has been suggested as being the great challenge that will enable the systems 

to self-manage this complexity, the use, goals and policies defined by man. The goal is to provide 

some properties in the system, where these properties may be adaptation, organization, 

optimization, configuration, protection, treatment, discovery, description, etc. (Gubbi et al., 2013). 

The IoT will increase the scale and the complexity of existing IT and communications 

systems. Autonomy is therefore an imperative need for IoT systems. 

However, there is still a lack of research into how existing research data on autonomous 
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computing can be adapted to the specific features of IoT, such as the high potential and the real-

time distribution of scarce resources and loss in environments (Atzori, Iera and Morabito, 2014). 

 

2.3.2 Properties of autonomous IoT systems 

1. Self-Adaptation: In the very dynamic framework of IoT, from the physical to the application 

level, self-adaptation is a key feature that allows nodes to communicate and the services that use 

them to react in a timely manner to the ever-changing context, for example, business policies or 

performance targets defined by man (Athreya, DeBruhl and Tague, 2013). 

The IoT systems should be able to justify autonomously and make self-adjusting decisions. 

Network self-organization protocols, automatic service discovery, and application-level links are 

important levers for the self-adaptation of the IoT (Borgia, 2014). 

2. Self-organization: In IoT systems, and especially in WS & ANS, it is very common for nodes 

to be connected and disconnected from the network spontaneously. The network should be able to 

reorganize itself against this evolutionary topology. Self-organization provides energy-efficient 

routing protocols that are of major importance to IoT applications to provide seamless data 

exchange across all highly heterogeneous networks. Due to the large number of nodes, it is 

preferable to consider solutions without a central control point, such as clustering approaches. 

Working on self-organization, it is also very important to look at the energy consumption of the 

nodes and to come up with solutions that maximize the lifetime of the IoT system and the 

effectiveness of communication within the system (Ding et al., 2013). 

3. Self-optimization: The optimal use of limited resources (such as memory, bandwidth, 

processing, and most importantly, power) of IoT devices is essential for the sustainable and long 

life of the IoT systems. Taking into account some optimization of the high-level goals regarding 

the performance, consumption or quality of energy services, the system itself should take the 

necessary steps to achieve its objectives. (Da Xu, He and Li, 2014). 

4. Self-Configuration: The IoT systems are potentially generated by thousands of nodes and 

devices such as sensors and actuators. Therefore, the configuration of the system is very 

complicated and difficult to carry out manually. The IoT system should provide configuration of 

remote installations so that the self-management requests can automatically configure the 
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necessary parameters based on the needs of applications and users. This includes setting up the 

device, for example, and the network with parameters for installing / uninstalling / upgrading the 

software, or for configuring performance parameters (Cirani et al., 2014). 

5. Self-protection: Due to its wireless and ubiquitous nature, the IoT will be vulnerable to many 

malicious attacks. Because the IoT is closely related to the physical world, the attacks will aim, 

for example, on controlling the physical elements of the environment or acquiring private data. 

The IoT must autonomously be able to protect different levels of security and privacy, without 

affecting the quality of services and the quality of its offer (Chen, 2012). 

6. Self-healing: The goal of this category is to detect and diagnose the problems that arise and to 

attempt to fix them in a self-contained manner. The IoT systems need to constantly monitor the 

status of their various nodes and detect whenever they behave differently than expected. They can 

then take action to correct the problems they face. Improvement meetings could include new 

configuration parameters or the installation of a software update (Stankovic, 2014). 

7. Self-description: Sensors and actuators, meaning things and resources must be able to describe 

their characteristics and abilities in an expressive way to enable others to communicate with 

objects in order to interact with them. Sufficient formats of devices and services as well as a 

description in languages should be specified, probably at the semantic level. Existing languages 

will need to be reviewed and adapted in order to find a balance between expressiveness, 

compliance and the size of the descriptions. Self-description is a fundamental property for the 

implementation of connection and interaction in resources and devices (Miorandi et al., 2012). 

8. Self-discovery: Along with self-description, the characteristic of self-discovery plays an 

essential role for the successful development of the IoT. The IoT devices and services should be 

dynamically available and be used by others in a single and transparent way. Only powerful 

devices and services as well as discovery protocols (along with description protocols) will enable 

an IoT system to be fully dynamic (Jara, Zamora and Skarmeta, 2012). 

9. Self-energy-supplying: Finally, the self –supply of energy is an extremely important (and very 

specific IoT) feature to realize and develop viable IoT solutions. The methods that harvest energy 

(solar, thermal, vibration, etc.) should be preferred as the main power supply, unlike batteries that 

need to be replaced regularly, and also have a negative effect on the environment (Vermesan et al. 
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2013). 

 

2.4 IoT Adaptation 

2.4.1 IOT-A reference model as a common basis 

Establishing a common basis for a particular field is not simple. For this to be effective, the 

common base should provide as many advantages as possible. The establishment of a common 

basis includes the definition of IOT entities and describes the interaction and relationships between 

them. The architectural reference model provides exactly this common basis for the IOT field. 

Any team envisioned developing an IoT-A compliant system must follow the rules defined by the 

reference model (TongKe, 2013). 

 

2.4.2 Creating architectures 

Another advantage is the use of IoT-A ARM to create similar architectures for specialized 

systems. This can be achieved with the support of tools. The advantage of creating such a scheme 

for architectures is not only the automation of the process but the fact that the architecture created 

will essentially provide interoperability to complementary IoT systems (Chen, 2012). 

 

2.4.3 Recognizing the differences 

When using the above-mentioned IoT-ARM-based system tools, any differences in the 

generated architectures are attributed to the particularities of the case. When applying the IOT-A 

ARM predictions of system complexity can be made. This makes it very easy to solve problems 

that are not recorded when creating the project plan. The overall implementation effort is definitely 

less than the development of an architecture without the help of an architectural reference model 

(Gao and Bai, 2014). 

 

2.4.4 Comparative assessment 

Equally important is benchmarking. For example, NASA used a reference model for 
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benchmarking bids to be received during a public offer for the new exploration vehicle. While the 

reference model determines the language to be used in systems / architectures, the reference 

architecture indicates the minimum (functional) requirements for systems / architectures. By 

standardizing the description and the ordering and delimitation of the constituent elements, there 

is also a high level of transparency and comparability in the benchmarking process (Gubbi et al., 

2013). 

 

2.4.5 Protected items 

Which parts should be protected depends on the scenario. However, the IoT ARM comes from 

the synthesis of a number of cases, which makes identification of the elements that need to be 

protected broadly and multifaceted. This analysis only deals with the general elements that need 

to be protected and therefore this study is a good point for studying a scenario in which the IoT 

ARM will be applied. The scenario includes 

• Transportation 

• Smart House 

• Smart city 

• Smart factory 

• Retail sale 

• E-health 

• Energy (Smart Network) 

Natural person: This represents the user (human). Threats - risks related to use are usually 

related to protection rather than safety. Such a threat occurs when a service is diverted or 

unavailable to a third party. An example may be a malicious service that returns incorrect 

information or even information that can create dangerous situations. The health-related scenario 

is also the one with the highest risk of such attacks. Of course, it should be noted that the level of 

the critical point depends on the degree of automation. It makes sense that the most critical 

decisions in such a system should require the involvement of the human factor. 
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Privacy: This item represents all the information the user or device expressly disagrees with 

is publicly available or is available to another person (Atzori, Iera and Morabito, 2014). 

Communication channel: The communication channel must be protected by itself. Common 

threats are attacks on the integrity of the traffic data through the channel. An example of such an 

attack is data corruption or data re-transmission. The communication channel must also be 

protected against attacks that have to do with the basic network routing operation. 

Branch devices: One such device represents all the IoT elements that are connected to a 

simple IoT-A infrastructure. Labels, readers, sensors and actuators are some examples of such 

devices. Many object protection plans need to be developed. These must ensure the integrity of 

the software, hardware and location of these devices. 

Intermediate devices: These devices provide services to branch devices and, in addition, 

restore communication. An example of such a device is a gateway that interconnects different 

domains. By deactivating, for example, an intermediate device, an attack on the infrastructure may 

be limited. Such attacks are the purpose of this analysis. 

Backend Services: Backend services represent the server-side system components that are 

located on the server side. Infrastructure Service: Discover, search and analyse services are very 

critical services since they support fundamental functions in IoT systems. Similarly, security 

services are very important for a secure interaction between entities. 

General Installations: This last category of objects is intended to protect services with a 

universal character. For example, there may be a risk that an attack on a smart home can be the 

ultimate dissolution of the service by destroying the communication channel between the devices. 

The consequences of this disaster can be prevented by devices in this category (Atzori, Iera and 

Morabito, 2014). 

 

2.4.6 Devices and device capabilities 

In an IoT model, devices are technical objects intended to play the role of the interface 

between the digital and the real world, that is, the connection between the virtual entities and real 

entities. For this reason, devices need to be able to operate in both the physical world and the 
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digital world, and the IoT model focuses on the ability of devices to provide observation and 

change of the physical world from the digital environment. For this reason, they cannot be 

considered as separate entities. 

The hardware of the devices is very important and should therefore, to some extent, be 

capable of communication, calculation and storage. In addition, energy sources have an equally 

important role, as they must be able to provide autonomy to devices. Many technologies and 

products are available and their capabilities are remarkable. Although these capabilities may not 

have a direct impact on the IoT model, they are very important during the design phase. 

The communication capabilities depend on the type of data exchanged with the device and 

the communication topology. All of the above are very important for IoT and have a great impact 

on energy consumption, frequency of data collection, and the amount of data being transmitted. 

Communication features indirectly affect the location of the sources (on devices or on the 

network). Security issues also affect communication capabilities as they usually create an 

overhead (Athreya, DeBruhl and Tague, 2013). 

On the other hand, the computational capabilities greatly influence the selected architecture, 

the applicable security features as well as the power sources of the devices. They are also 

important in terms of resource availability and complexity, since devices with limited capabilities 

may not have sufficient computing resources. 

Storage usually refers to the firmware / software support capability that is running on the 

device. This can be achieved by storing data from embedded sensors or data collected by other 

services and required to support a particular resource. The storage capability varies by no means 

such as in RFID technology in KB as is the case with built-in devices (Athreya, DeBruhl and 

Tague, 2013). 

 

2.4.7 Sources of danger 

Hazard sources are categorized according to the STRIDE (Microsoft 2003) classification, 

which is a widely used method of classifying threats related to information systems. STRIDE 

(Spoofing Identity, Denial of Service, and Elevation of Privilege) means identity fraud, 

falsification of data, disclosure, disclosure of information, denial of service, and elevation of 
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rights. These categories are briefly summarized below - but we must keep in mind that in the real 

world such incidents usually consist of a combination of such threats. 

Identity plagiarism means someone is using someone else's identity illegally. Forgery assault 

may occur in all kinds of items, regardless of whether they represent a physical person, device or 

communication stream (Borgia, 2014). 

Data falsification means that an attacker has the ability to change the content of the data 

exchanged between two or more participants. Data falsification can include very subtle attacks in 

which the attacker is able to alter the behaviour of the recipients by ultimately manipulating the 

original data (Ding et al., 2013). 

Denial is involved in attacks where the attacker takes unlawful actions and then disputes that 

he committed them in such a way that other nodes cannot prove that the attacker acts maliciously. 

Disclosure of information means that information is disclosed to unauthorized persons. It is 

related to the existence of a licensing model that defines for each information item a set of people 

authorized to access under certain specific conditions. 

Denial of service attacks means disabling services offered to legitimate users (as opposed 

to, for example, systems where service attack can be changed, for example by making a search 

service return the wrong results without legitimate users being in place to watch it) (Borgia, 2014). 

Rowing rights may occur in systems that have different classes of users, each category 

having a specific set of rights. Incorrect entitlement occurs when an attacker manages to acquire 

the rights that should normally be granted only to more privileged categories. Dangerous 

downloading of rights may occur when an attacker can acquire management rights for the entire 

system or part thereof, which means that the attacker can perform arbitrary actions on the intruder's 

access to them, so he is in a position to ruin the system or to completely change its behaviour. The 

sources of risk examined here are limited according to the following rules. 

• Non-human sources of danger, whether general (flood, lightning, fire, electrical, heating) 

or local (individual device damage) are not considered. Only human sources of danger. 

• Among human risk sources, only theft or loss attacks are taken into account. Technical 

errors or accidents are not taken into account. In other words, only malicious attacks, not 



 

26 

 

unintentional, are taken into account (Borgia, 2014). 

 

2.4.8 Reviews and Doubts 

While technologists see the IoT as a step towards a better world, scholars and social 

observers have some doubts about the omnipresence of the computational revolution. 

 

2.4.9 Privacy - Autonomy - Control 

Peter-Paul Verbeek, argues that technology already influences the decisions we make, 

which in turn affect human privacy and autonomy. Warns that we need to see Technology as a 

human tool and not as an active agent. 

Justin Brookman, expresses concern at the impact of IoT on consumer privacy, saying 

"there is a world in the business world that says" Give us useful data, let's collect everything and 

store it for always and later we'll pay someone to think about their security. ”The question is 

whether we want to have a policy framework that restricts it.” 

The American Union for Civil Liberties (ACLU) expresses its concern over the question 

of whether IoT can control human life. More specifically, he writes, "there is simply no way to 

predict how these enormous forces (data) gathered disproportionately in the hands of companies 

seeking economic benefits and the governments that are longing for more control will be used. 

Most likely, these enormous data and IoT make it harder for us to control our lives as we live more 

and more transparently for the all-powerful companies and government institutions that are 

becoming more and more indiscriminate for us»(Ding et al., 2013). 

 

2.4.10 Safety 

A different criticism is that IoT is growing rapidly without proper consideration of the 

important security challenges involved and the regulatory changes that may be needed. More 

specifically, as IoT spreads widely, cyber-attacks tend to become natural (and not just virtual). In 

January 2014, an article in Forbes presents a list of many online-connected devices that "spy on 
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people in their own home" including television, kitchen appliances, cameras and thermostats. 

The National Intelligence Council in a secret report argues that it will be impossible to 

deny access to sensor networks and remote controlled objects by America's enemies, criminals 

and malicious users. In an open market, aggregated data from sensors can serve commercial 

interest, but security is such that it even helps criminals or malicious users to spy on sensitive 

targets. In this way, massive use of sensors can undermine social cohesion. ”In general, the 

scientific community sees IoT as a rich source of data (Da Xu, He and Li, 2014). 

 

2.4.11 Design 

Given the widespread recognition of the evolving nature of IoT design and management, 

solutions designed to control IoT's "uninterrupted scalability" must be designed. Application of 

the concept of unpredictable extensibility can be extended to physical systems (i.e. objects 

controlled in the real world). Therefore, this "hard anarchic scalability" creates the prerequisites 

to understand exactly the possible solutions for the design of IoT. 

 

2.4.12 Environmental impacts 

Concern about IoT technology concerns the environmental impacts of manufacturing the 

use and eventually disposal of all these devices consisting of many integrated circuits. All modern 

electronic devices consist of a wide range of heavy metals as well as toxic synthetic chemicals. 

This makes these devices very difficult to recycle. Electronic devices are usually incinerated in 

landfills, resulting in contamination of subsoil, ground and ground water and air. Such infection 

has a long-term effect on human health. In addition, environmental costs are constantly increasing 

from the extraction of rare earth metals for use in such appliances. With the world's leading 

electronics production and small recycling (from the beginning to the end of their lives) of their 

metallic elements, the impact on the environment is expected to increase (Cirani et al., 2014). 

Also, because the concept of IoT involves the addition of electronic components to 

household appliances (for example, simple light switches), and because the basic driving force for 

replacing electronic components is often technological obsolescence and not a real failure to 
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operate, it is sensible to expect that the parts that used to work for many decades if they were part 

of the IoT replacement cycle would be very small. For example, a traditional house built with 30 

switches and 30 sockets could for the next 50 years remain with this infrastructure without the 

need for replacement. However, a modern home built based on IoT technology with the same 

number of switches and sockets due to technological developments and needs may need to replace 

these elements every five years. This translates into a 10-fold increase in such waste (Cirani et al., 

2014). 

While IoT devices can be considered to help save energy, the wise use of existing devices 

that will become a good habit in everyday life can bring the same results. Practically, such 

fundamental issues are usually overlooked by traders in order to encourage consumers to buy IoT 

devices without actually needing. 

 

2.5 Examples from the adaptation of IoT 

2.5.1 Detecting forest fires using wireless sensor networks 

In the summer of 2007, more than 80 people died in Greece and 670,000 acres (2,711 km2) 

were burned due to fires. In the same year in California, 500,000 acres (2,027 km2) were destroyed 

by fire, causing at least 14 deaths. In addition to preventive measures, early detection of fires is 

the only way to minimize damage and loss. DIMAP-FactorLink, which, under the name of 

SALVIA Vigilancia y Seguimiento Ambiental, operates commercial projects to protect the 

environment, has developed and built a forest fire detection system. 

The covered area is about 210 acres in the region of Northern Spain, which includes the 

Communities of Asturias and Galicia. The goal was to give different organizations an 

environmental monitoring infrastructure, with the ability to instantly manage and activate early 

alarms. One can highlight three main parts of the Waspmote system: The wireless sensor network, 

the communications network, the reception centre. 90 Waspmotes were developed at strategic 

points. The four parameters measured every 5 minutes were the following: Temperature, Relative 

humidity, Carbon monoxide (CO), Carbon dioxide (CO2) 

These four sensors are connected to Waspmote via the Gases Board, which contains the 

electronic systems required to implement the hardware integration easily from many different gas 
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sensors: Carbon monoxide (CO), Carbon dioxide (CO2), Molecular oxygen (O2), Methane (CH4), 

Molecular hydrogen (H2), Ammonia (NH3), Isobutene (C4H10), Ethanol (CH3CH2OH), Toluene 

(C6H5CH3), Sulfur hydrogen sulphide (H2S), Nitrogen dioxide (NO2) 

The amplification stage of each sensor is adjustable to allow for a better integration of the 

particular sensor. Additionally, this feature allows us to focus the precision of Waspmote on an 

area of interest. In addition, it is possible to check the power of each sensor separately, since its 

power supply lines are independent and can be controlled by Wasp mote in real time. 

Most of the sensors are affected by three parameters: relative humidity, atmospheric 

pressure and temperature. If any of these measured parameters goes above the set limit, then the 

system analyses the information and responds by sending a notification to the firefighters. In this 

way, they will immediately know that there is a fire and where it is located with accuracy because 

each Wasp mote can incorporate a GPS that provides accurate position and time information. 

Firefighters will be able to know where the fire is spreading with real-time information, which is 

very important in order to understand how the fire behaves. One of the main features of Wasp mote 

is its low power consumption:  9 mA, ON mode, 62 kA, sleep mode, 0.7 kA, hibernate mode. 

The Wasp mote is in the standby mode for most of the time in order to save the battery. 

After a predetermined time (user-preferred), Wasp mote returns to its active mode and reads the 

sensors, implements the wireless communication and returns to the standby mode. Each device is 

powered by rechargeable batteries and a solar panel, making the system completely autonomous. 

That is why it can reach up to 40 km with LOS using the 868MHz module. The high performance 

of the Wasp mote makes the readings accurate and the transmission is very reliable and flexible, 

placing the nodes on a 1.5-kilometer separation device. 

It is also possible to transmit data via GPRS as a secondary unit for better availability and 

backup in situations where it is critical to ensure the reception of the message, such as possible fire 

alarms. The GPRS drive is Quad band (supports any mobile connection provider), making it able 

to work around the world, therefore, this project to be described is appropriate for each country. 

To help the data transmission, two Meshliums were also installed in order to gather the 

information and secure their sending via Wi-Fi. Meshlium is the only multi-protocol router in the 

world, capable of interfacing up to 6 technologies: WSN: 802.15.4 / ZigBee, Wi-Fi: 2.4GHz or 
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5GHz at low or high power, GPRS: quad band, Bluetooth: communication with mobile phones or 

PDAs, GPS, Ethernet 

Meshlium implements an easy connection between these six communication protocols. In 

this case, it collects the information of the Wasp mote ZigBee wireless network and sends it to the 

Control Centre via Wi-Fi. 

Another Meshlium application is used to provide connectivity from a harsh environment 

to entire cities. The Meshlium is protected with an IP65 enclosure that allows it to operate in 

outdoor conditions. With regard to the power supply, it can be connected to a solar panel from the 

lighter of a car, so it can operate without problems in the forests. To reach the Meshlium the frames 

are broken down by dividing all data into small pieces or variables stored in a MySQL Server 

database. 

Once the data has been stored in the Database, it can be managed the way it should. SISVIA 

has created a control panel to display all the information on a graphical user interface. The solution 

was integrated into a Geographic Information System (GIS), placing the data in useful and 

convenient 2D or 3D maps. 

 

2.5.2 Smart city plan in Serbia to monitor the environment 

Clean air supply is essential both for our health and for the environment itself. However, 

since the industrial revolution, the quality of the air we breathe has deteriorated considerably, 

mainly because of human activities. The issue of air quality is still a major concern for many 

European citizens. It is also one of the areas in which the European Union has been quite active. 

Since the beginning of the 1970s, the EU has been working to improve air quality by 

controlling emissions of pollutants into the atmosphere, improving fuel quality, and integrating 

environmental protection requirements into the transport and energy sectors. The Waspmote has 

been used to control public transport and to monitor environmental parameters in various Serbian 

cities. 

The World Health Organization states “environment is an important determinant of health 

and is estimated to account for almost 20% of all deaths in the European Region of the World 
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Health Organization”. Different analyses and reports have revealed that it appears that 40 million 

people in the 115 largest cities in the European Union are exposed to air that exceeds the World 

Health Organization limits with air quality guidelines for at least one pollutant. Children living 

near streets exposed to heavy-duty traffic have twice as much risk of respiratory problems as those 

living near less congested roads. 

The indirect effects of air pollution, such as climate change, are becoming increasingly 

apparent. Transport is the fastest growing source of fossil fuel emissions of carbon dioxide (CO2), 

the largest contributor to climate change. 

As can be seen from the various reports and analyses, air quality improves, although in 

some areas it is still far from healthy. For this reason, monitoring environmental parameters is vital 

to understanding, assessing the main pollution points and trying to achieve an appropriate value in 

each city. 

 

2.5.3 The EkoBus Project 

The EkoBus system has been developed in cooperation with Ericsson, which has been 

developed in the cities of Belgrade and Pancevo. The system uses public transport vehicles to 

monitor a range of environmental parameters across a large area and to provide additional end-

user information such as bus location and estimated time of arrival at the bus stop. 

The EkoBus is framed within the SmartSantander plan. It proposes a unique worldwide 

city-scale with experimental installation research to support typical applications and services for a 

smart city. The project is funded by the European Union through the Future Internet and 

Experimental (FIRE) program. The consortium of this project is made up of different companies 

and Universities such as Telefonica, Alcatel-Lucent, Ericsson, the University of Cantabria or the 

University of Surrey. 

This unique experimental installation will be large enough, open and flexible to allow for 

horizontal and vertical communication with other experimental facilities and to stimulate the 

development of new applications by users of various types, including advanced experimental 

research on IoT technologies and of the realistic assessment of user acceptance tests. The project 

involves the installation of 20,000 sensors in several European cities such as Belgrade and Pancevo 
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(Serbia). 

The solution was 65 Waspmotes were developed in two different regions by measuring six 

parameters: Temperature, Relative humidity, Carbon monoxide (CO), Carbon dioxide (CO2), 

Nitrogen dioxide (NO2), GPS position 

These five sensors are connected to Wasp mote via the Gases Sensor Board, which contains 

the electronic systems required to implement an easy integration of the material of these sensors. 

The amplification stage of each sensor is adjustable to allow for better integration of the 

specific sensors, as there may be variations from one sensor to another of the same model. In 

addition, this feature allows us to focus the precision of Wasp mote on an area of interest. In 

addition, each sensor can be switched separately, since its power supply lines are independent and 

can be controlled by the Wasp mote in real time. In order to know where this sensor is located, 

each Wasp mote can incorporate a GPS that provides accurate position and time information. The 

high performance of the Wasp mote makes the readings accurate and the transmission is very 

reliable and flexible. 

It is also possible to transmit data via GPRS, as a secondary radio module for better 

availability and backup in situations that are critical to ensure the reception of the message. The 

GPRS is quad-band (it can work in four different bands to support each mobile connection 

provider); making it able to work around the world, therefore, this project is appropriate for each 

country. The data is sent over GPRS as the buses move all over the city. 

One of the main features of Wasp mote is its low power consumption: 9mA - ON mode, 

62uA - Sleep Mode, 0.7uA - Hibernate mode; The Waspmote is on the Sleep Mode most of the 

time to save the battery. After a few minutes (programmable by the user), the Waspmote returns 

to its operating mode, reads the sensors, implements wireless communication and returns to sleep. 

Each device can be powered with rechargeable batteries and a solar panel, making the system 

highly autonomous. 

 

2.5.4 Development process 

Typically, the calibration is performed in certified laboratories and is a complex and costly 
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process. Therefore, it does not apply to scenarios with hundreds and thousands of sensors, which 

could also have already been developed in different locations. As a starting point for calibrating 

the sensors in the system, some sensors have been calibrated with great precision. Their calibration 

is done in a laboratory, and all other sensors are calibrated compared to the reference sensors. 

The Wasp mote devices, sensors, GPRS and GPS were placed in a housing to be able to be 

applied to the roof of the buses. In such a location, continuous reading of these parameters is 

performed whenever the vehicle is in motion and in this way; the data is collected from different 

locations. With the help of GPRS data communication, all measurements are delivered to the 

server where they are processed and stored. The sensors and GPS modules on the device provide 

information they had read at a specific location, and the current position of the vehicle as well as 

the speed of its movements. 

As soon as the sensor nodes are validated by a large number of tests, developed in two 

Serbian cities, they are divided into two groups of 60 and 5 sensors each. 

The sensor nodes take measurements and periodically send the results to the server 

application for further data analysis and storage. The Web and the Android app collect information 

from the nodes and perform their visualization (vehicle positioning and atmosphere 

measurements). It is also possible to request information on the arrival time of the next bus on a 

designated line at a certain bus stop via SMS or USSD and to receive the information via SMS. 

The GPRS module is responsible for this feature. The analysis of the stored data is used for various 

traffic calculations as well as for forecasting. As a result, the additional information available is as 

follows: 

• Static data: geological locations and station names, bus sign posts, bus timetables, IMEI 

from the GPRS modules on the buses, the average time the bus passes from a particular bus station, 

the initial average time of the bus journey between two successive stations. 

• Dynamic data: the average time of a bus journey between two successive stations is 

calculated for a different part of the day and week. These nodes are powered by an external power 

supply connected to the battery of the bus. Taking advantage of the Wasp mote energy-saving 

features, the power supply is autonomous. Because of this program, the environmental parameters 

can be monitored for further study, and citizens can benefit from the site buses. 
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2.6 Drawbacks when using IoT in PowerTools which create uncertainties 

Although the promise of IoT is strong, there are still challenges that exist. One of the 

primary concerns is related to security and privacy. When left unsecured, connected devices that 

are more continuously transmitting can open doors to attacks, endangering not only the consumer 

but also the companies utilizing IoT services (Vanderpool, 2016) 

1. Privacy: A key factor slowing down the path to IoT is the security and privacy issues 

that arise from the use of IoT technologies. The information available and its volume in this 

environment raise questions regarding its access. The main problem seems to be the indirect 

monitoring of individuals through their possessions. Especially in the case of the ground road 

network that was presented, street users are monitored and all their moves and choices are 

recorded. This determines all the habits of each individual. This information is considered to be of 

great value, so its management is a matter to be resolved. 

2. Security: The IoT security concept relates to an organization’s ability to protect its 

information against any alterations and damages and unauthorized use of its resources to provide 

correct and reliable information that is available to authorized users whenever they look for them 

3. Reliability: High performance, High uptime, Solid architecture difficult to break) 

4. Support: A high tech platform needs an easy, fast and relevant support by their suppliers 

5. Standardization: Another topic of discussion, which is prevalent across many sensor 

technologies, is standardization. OEMs looking to deploy innovative, IoT solutions need to 

navigate an ever-growing list of connected technology to determine which solutions are compliant 

and which are best for integration into their ecosystem. This is no easy feat. (Vanderpool, 2016) 

 

2.7 IoT as part of business strategy 

It is widely known that one of the organization goals is to develop unique product and 

service and make the competition irrelevant. This strategy, according to Kim and Mauborgne is 

defined, as blue ocean strategy (Kim & Mauborgne, 2005) on the opposite side of the blue ocean 

strategy, there is the red ocean strategy. According to Kim and Mauborgne, the red ocean strategy 
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refers to the strategy of some companies which in order to sustain themselves in the marketplace, 

they focus more on building advantages over the competition and not “by making the existing 

market irrelevant”. In other words, the red ocean strategy is referred to competing by trying to grab 

a bigger share of the market.  (Kim & Mauborgne, 2005)Especially at the era of cloud services, 

even the start-up or small companies can bring differentiation by using cloud IoT with less cost 

and risk and make the competition irrelevant through innovation (Forrester, 2016).  

In order to be more specific, the nature of industry of many companies makes the 

innovation via service-oriented approach is considered as an essential part of their strategy.  On 

the other hand, due to the fact that the risk and development cost of service oriented strategy is 

high for a lot of organizations, companies prefer to adopt this strategy with the support of cloud 

computing.   

 At this point, it is important to mention that with more than 350 IoT-platforms (Forrester, 

2016) there is a high risk of the business to choose the inappropriate platform for their unique 

business or product needs. Consequently, an inappropriate platform could, among the others, 

create different lock-in effects, incompatibility, no alignment to new standards or security issues 

(Forrester, 2016) In other words, the lack of knowledge on the selection of appropriate IoT can 

lead on, among the others, to change the platform and consequently have direct influence on the 

company’s profit.  

On the other hand, it is important to mention that the implementation cost of the IoT 

systems is relatively low in relation to companies own overhead cost when implementing the 

solution. (Rexroth, 2017) For the reasons that we already stated, the implementation of the IoT 

technology in products and/or services is considered as one of the enablers of the blue ocean 

strategy.  

To continue with, as we already mentioned, the IoT technology in products and/or services 

can be potential considered as one of the enablers of the blue ocean strategy. On the other hand, 

the selection of the appropriate IoT platform is crucial especially currently, where there are more 

than 360 unique IoT platforms on the market (IoT Analytics, 2016).  

Due to the reason that many companies are not will or are not able to invest on building 

their own IoT platform, they focus more on re-used and standardized platforms. This leads at many 
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cases, to implementing IoT platforms which are not aligned with the customer requirements of a 

specific company and consequently make the competition relevant (red ocean strategy). Another 

important factor that we need to take into consideration is that even if the research shown that the 

IoT implementation can bring value to products or services through the whole lifecycle, still the 

companies are very cautious-if not, not convinced. In addition, the basis of this could potentially 

be the fact that according to Standish group only 19% of all software development projects 

succeeds and 27% still fails (Standish group, 2015) many different IT-projects fails because of too 

much focus on technical issues and software focusing on building something completely new. On 

the other hand, we have to bear in mind that the simple IoT platforms are (or must) focus on 

creating the most value for the customer (IOT Engineering, Aug 2016 and Yang, 2005). 

Furthermore, another important aspect that needs to take into consideration is that, a new 

way of deliver value to the customers and satisfy specific user needs, comes, among the others 

from the Product Service Systems (PSS). PSS as a system of products, services, infrastructure, and 

networks that continually strive to be competitive, to satisfy customer needs, and to cause lower 

environmental impact than traditional business models. By bundling products and services, PSS 

companies try to differentiate from competitors by a combined product and service offering. 

Consequently, the company is able to gather data from its product during the client usage life cycle 

phase and provide unique customer experience (Zancul et.al, 2016)  

IoT develop the customer experience to the next level. For that reason, organizations realize 

immediate value from the IoT such as not only cost reduction, maintenance and monitoring, but 

also analytics for real-time service and differentiation (Vitria market insights report, 2015) As we 

described at the previous chapter, the customer needs is the driver of developing products with 

different attributes such as Must-be, Attractive, One-dimensional, Indifferent, or Reverse attribute. 

(Ullah & Tamaki, 2010) This customer needs can directly be fulfilled with the attributes of IoT 

services and consequently, create clear product differentiation. As a result, a unique differentiated 

product, which exactly meets the customer needs, can directly influence the price of this product.  

To sum up, it is important for the companies that implement the IoT technology to their 

products not only selects the appropriate IoT platform from the technical point of view, but also 

by meeting specific customer requirements. By following this approach, the customer uncertainty 

will be reduced and the market acceptance will be developed smoothly (Forrester, 2016).  

http://www.ioti.com/iot-engineering
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Many companies is also experience difficulties to predict total cost of ownership on 

different volume scenarios and with this lack of knowledge still signing contracts that might reduce 

the profitability when the demand is increasing instead of the opposite (Wortmann & Flüchter 

(2015). This scenario could arise because of a “fine print” but also because of a tight financial 

model connected to the suppliers own calculus and their ability to tie new customers to the 

platform. (Wortmann & Flüchter, 2015). 

 

2.8 IoT market acceptance 

To be able to analyse how to reduce customer uncertainty when implementing IoT, it is 

crucial to understand the one of the most important basic requirements for introducing IoT is the 

market acceptance. To begin with, it important to mention that the expected rapid adoption and 

diffusion of Internet of Things technologies has not yet taken place due to lack of understanding. 

(Hwang, et.al, 2016) Being more specific, according to the existing research, even if the logistics 

and distribution industries widely use the IoT for inventory management in the inbound/outbound 

activities, the IoT technologies have been more actively adopted in the healthcare and 

leisure/sports industries for various purposes such as asset management and customer 

management. (Hwang, et.al, 2016) One of the main reason for adopting IoT is also cost related. 

There must be no uncertainty linked to the ROI (IBM, 2015) In order to be more specific, inventory 

management seems to requires a lots of RFID tags, which increase price on the inventory process, 

while asset management and customer management creates value thanks to the adjacent process 

inventory but the link is not always obvious. This is a typical problem of horizontal integration 

explained by Industry 4.0. (Industry 4.0, 2011) The most successful companies will use better 

communication to integrate suppliers and customers’ needs into all value-creation activities. 

(Deloitte, 2014) 

Another advantage when preventing theft of expensive equipment is the possibility of an 

improved relationship with customers. (Hwang, et.al, 2016) Based on the above facts, different 

patterns were developed which describe what attributes of IoT technology contribute to value 

creation in a certain business context consisting of service domains, value chain activities and 

industries. These patterns – clusters are ID-based Service Model, Multiple Operation Management 
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Model, Service-combined Inventory Management Model, Intelligent Inventory Transport Model, 

and Sensor-based Multiple Service Model and will be analysed at the master thesis. (Hwang, et.al, 

2016) 

Another important aspect which we need to take into consideration, is that in order to be 

able to capture the value which comes from the IoT services, also a shift of mind-set is required, 

(Hue, 2014). In order to be more specific, as we can see in the Table 3-0-1, the IoT create value 

by addressing real time and emergent needs in a predictive manner and capture the value by 

enabling recurring revenue.  

 

Table 3-0-1 IoT requires mind-set shift 

  Traditional products 

mind-set 

IoT mind-set 

Value 

creation 

Customer 

needs 

Solve for existing 

needs and lifestyle in 

a reactive manner 

Address real time and emergent 

needs in a predictive manner 

 Offering Standalone product 

that becomes obsolete 

over time 

Product refreshed through over 

the air updates and has synergy 

value 

 Role of data Single point data is 

used for future 

product requirements 

Information convergence 

creates the experience for 

current products and enables 

services 

Value 

capture 

Path to 

profit 

Sell the next product 

or device 

Enable recurring revenue 

 Control Potentially includes 

commodity 

Add personalization and 

context: network effects 
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points advantages, IP 

ownership and brand 

between  products 

 Capability 

development 

Leverage core 

competencies, 

existing resources and 

processes 

Understand how other 

ecosystem partners make 

money 

Source: Hue (2014) 

Summarized, while we analyse the market acceptance of the IoT services, it is important 

to take into consideration not only the industry, but also the required mind-set shift. Furthermore, 

when implementing an IoT technology to a product or service, the current business model needs 

to be aligned with this new enabler or even replacing an outdated model (Osterwalder & Pigneur, 

2010).  
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Chapter 3: Research models  

In this chapter the basic research models are presented, which are the basis for the 

development of this study. These models are directly related to the subject and with the completion 

of the chapter; the reader will have a complete picture of the content and the process of their 

development and use. In the beginning, a reference will be made to the Kano model and to its 

impact and importance to the consumer’s expression. Then, also based on the Dimokas model how 

consumer views, attitudes and behaviours are perceived will be presented. The aim of the 

presentation of the models is to answer, to develop correctly and to combine the theoretical with 

the practical part of the present study. 

 

3.1 Kano model for product attributes 

To begin with, the Kano model is a model that is used for integrating the Voice of the 

Customer into the subsequent processes of product development. In the Kano model, customers' 

preferences are obtained by using a prescribed form to know whether or not a given product 

attribute is a Must-be, Attractive, One-dimensional, Indifferent, or Reverse attribute for a given 

product. (Ullah & Tamaki, 2010) By taking into consideration that the Kano model support the 

organizations to determine business value, the companies that are conducted surveys of customers 

based on the Kano model is continually exceeding (Yang et al, 2005). In addition to that, the 

development of the IoT implementation on the traditional products such as the PowerTools, the 

research to the benefit of connectivity of IoT in the new business environment. (Ny Teknik, 2017) 

 

Figure 1-0-1: Kano model of customer satisfaction 
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The use of Kano’s model is not only necessary in the present application, but its dynamics 

are enormous in every industry, in an attempt to identify the qualitative characteristics that define 

the customers and the elements that satisfy them. Based on the satisfaction elements, companies 

develop products or services (Hinterhuber et al., 1997; Matzler & Hinterhuber, 1998) 

As we can see also at the Figure 1-0-1, an attribute is considered Must-be if its absence 

produces absolute dissatisfaction and its presence does not increase satisfaction. An attribute is 

considered One-dimensional attribute if its fulfilment helps increase the satisfaction and vice versa. 

An attribute is considered Attractive if it leads to a great satisfaction, whereas it is not expected 

being in the product.  

An attribute is considered an Indifferent attribute if its presence or absence does not 

contribute much to satisfy the customers. An attribute is considered a Reverse attribute if its 

presence causes dissatisfaction and vice versa. (Ullah & Tamaki, 2010) By taking into 

consideration the above facts, when we market a product or service we need to have the must-be 

attributes, add One-dimensional and Attractive attributes, avoid Indifferent, and Reverse attributes. 

(Ullah & Tamaki, 2010) 

Even if the categorization of product attributes plays a crucial part of the product 

development, it is also important taking the quality attributes of the engineered software in 

consideration. Different studies have found an almost similar structure dividing quality attributes 

into an understandable structure.  

The usage of a quality model is the cornerstone of a product quality evaluation system. The 
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quality model determines which quality characteristics will be taken into account when evaluating 

the properties of a software product. (ISO, 2017) 

The international standardization organization – ISO, have defined an international 

standard (ISO/IEC 25010:2011) to be able to facilitate Systems and software Quality requirements 

and evaluation - Systems and software engineering shortened, SQuaRE. The ISO standard consist 

of eight different quality characteristics: Functional Suitability, Performance efficiency, 

Compatibility, Usability, Reliability, Security, Maintainability and Portability. This well-defined 

characteristic makes it easier to produce a structured analysis or survey based on quality. (ISO, 

2011). Same amount of categories and labels as ISO has been defined by the scientist (Ivan et.al, 

2016) and their thesis of a holistic view of product quality: 

 

Figure 1-0-2: Holistic view of product quality 

 

As we can see in the figure 1-0-2, even if the functionality is considered as the centre of 

the system, other pillars create a holistic view. (Ivan et.al, 2016) In order to be more specific, the 

functionality represents the degree to which a product or system provides functions that meet the 

needs when used under specific conditions. The security indicates the capability of a software 
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product to protect information and data so that unauthorized persons or systems cannot read or 

modify them and authorized persons or systems are not denied to access them. (Ivan et.al, 2016)  

Furthermore, performance shows the capability of software to provide appropriate 

performance, relative to the amount of resources used under stated conditions. (Ivan et.al, 2016) 

Compatibility indicates the capability of software product to have two or more of its systems or 

components exchange information and / or perform their required functions while sharing the same 

hardware or software environment. (Ivan et.al, 2016)  In addition to that, the reliability is 

considered as its capability to work at a certain level over a period while usability shows the 

effective achievement of goals in a specific context of use. Finally, the maintainability shows the 

level of modification capability while the portability indicates the capability of the software 

product to be effectively and efficiently transferred from one hardware, software or another 

operational or usage environment to another (Ivan et.al, 2016) 

 

3.2 Dimokas framework for product uncertainty 

As we already mentioned, the Kano model is a model that is used for integrating the Voice 

of the Customer into the subsequent processes of product development. Once the attributes of the 

product or service will be developed, as we already mention at the previous units, must be 

promoted in a way that the customer simple would like to buy them. Consequently, in order to be 

able to increase the customer willingness to pay, the product uncertainty must be significantly 

eliminated.  

Figure 1-0-3: Model for analysis of product uncertainty 
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Source: Dimoka et.al, 2012 

In order to be able to understand the uncertainty framework of Figure 2, it is important to 

provide the definition of the presented features. To begin with, under the umbrella of product 

uncertainty there is the seller as well as the product uncertainty. The seller uncertainty is referred 

to the buyer difficulty in assessing the seller’s true characteristics and predicting whether the seller 

will act opportunistically. The product uncertainty is defined as the buyer’s difficulty in assessing 

the product’s characteristic and predicting its future performance (Dimoka et.al, 2012). 

The H1 represents the directional relationship from seller to product uncertainty, as the 

seller is actively involved in shaping the product uncertainty. The consequence of product and 

seller uncertainty is expected to negative influence the level of price premiums. (Dimoka et.al, 

2012) The reason of that is both the description uncertainty as well as the product future 

performance can influence the price.  

The H2a indicated that the product uncertainty (description and performance) is negatively 

associated with the price premiums while the seller uncertainty (adverse selection and moral 

hazard) is negatively associated with the price premium. Another important aspect that the figure 

2 represents is the antecedents of product uncertainty. (Dimoka et.al, 2012)  

The diagnostic of product description that can be textual, visual and multimedia is 
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negatively associated with product uncertainty, as the H3 indicates. In addition to that, it is 

important to mention, that according to H4, the negative effect of diagnostic of online product 

descriptions on product uncertainty is negatively moderated by seller uncertainty. Finally, as the 

H5 also indicates, the existence of third party assurances (inspection, history, report, warranty) is 

negatively associated with product uncertainty. (Dimoka et.al, 2012) 

By adopting the uncertainty model of Dimokas we are hoping to find relevant answers what 

actually reduces uncertainty when introducing IoT on PowerTools - an important knowledge for a 

supplier of IoT systems that needs to reduce or even eliminate uncertainty to succeed. 
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Chapter 4: Research Methodology 

According to Zafiropoulos (2005), the methodology is defined as a process of methods and 

actions related to the development of research tools and questions in order to draw safe and 

objective results in relation to the basic theme of a study. 

Our method is to study relevant literature and journals of what is known according to of 

ΙοΤ. This thesis aims is to fulfil the business as well as the scientific gap, by defining type of 

product attributes (specifically for PowerTools) which implement the IoT technology influence 

the customer uncertainty.  

 

4.1 Purpose of the research 

The purpose of this research is to investigate PowerTools IoT and via customer and users 

questionnaires, will categorize it in different attribute types (attractive, one dimensional, must be, 

indifferent or revere attribute). In addition will present different scientific papers and keywords 

such as IoT, product attributes, customer needs, and uncertainty.  

 

4.2 Research method 

The research method may be quantitative or qualitative. The quantitative research results 

in percentages and numbers, while the qualitative research “explores the meanings and 

representations that the subjects attribute to social phenomena and processes”. At the same time, 

it aims at “describing, analysing, interpreting and understanding social phenomena, situations and 

characteristic social groups, responding mainly to the questions of how and why” (Stathakopoulos, 

2001). Researchers using the quantitative approach first describe the wider context of the subject 

under study to understand the place in which people affect or are affected by the phenomenon or 

behaviour. The quantitative methods work by directly contacting individuals in the research 

environment, with verbal data and observation (Eco, 2001). 

When the research has to do with studying how people live an experience and what their 

views are, when exploring a new field where its concepts are not fully understood, when assessing 

whether a new service or product is applicable, then the qualitative methodological approach 
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should be used (Hancock et al, 2007). 

This research is quantitative, as quantitative data will be collected. The quantitative 

research is based on reliable, numerical and statistical measurements of specific population. 

 

4.3 Research Techniques 

The research techniques refer to the collection of primary and secondary data. The primary 

data are collected through the primary research, which may be either qualitative or quantitative. 

The primary data are collected through questionnaires or interviews (Tomara, 2000). 

The secondary data are collected through the literature search, which can be carried out 

over the internet. The secondary data can also be collected through books, articles in magazines, 

visits to organizations, and searching for their archives (Tomaras, 2000). The quantitative research 

is mainly conducted with a questionnaire. The design of the questionnaire is the basis of the 

research as it determines the type of the research questions to be answered and the type of questions 

to be used for this purpose. The first rule in designing a questionnaire is that it should be 

appropriate for the method to be used (Tomaras, 2000). People, who respond to postal or online 

surveys, if they do not understand a question, cannot easily ask, “What exactly do you mean by 

that?” While confidential, personal questions are often treated much better by e-mail or online 

surveys, in which anonymity is ensured, as they have no contact with the researcher, thus further 

reducing the risk of leakage of their personal data. 

 

4.3.1 Research Tools 

The quantitative research tool is the questionnaire aimed at exploring what is really 

happening in the field. It is also interested in exploring the views of the subjects about these events 

but mainly in investigating their judgments. In short, the questionnaire is addressed to the cognitive 

level and for this reason it is called a questionnaire for the investigation of events (Athanasiou, 

2000). 

 

4.3.2 Research sample 
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The questionnaires were distributed to people from different countries. The survey was 

conducted over the internet. Follow up calls has been made with more than 20 of the respondents. 

 

4.4 Research work process 

Figure 4-0-1- The work process of the thesis 

 

Main purpose is to combine Kano and Dimoka different theories and models and one major 

goal in this thesis is to find out if it is possible to integrate Dimokas model and measure ISO-

quality model on product uncertainty with Kano’s model of 5 dimensions on customer satisfaction 

and which dimensions are most important. We need to figure out what effects on uncertainties 

have on different attributes/features: 

Prepare for an application/study – Working process: 

1. Identify key attributes/features  

2. Define these attribute and their different characteristics 

3. From the literature, perform an internal ranking of key attributes/features (only 2-4 different 

key attributes/features) 

4. Try to define the different levels of uncertainty in those 2-4 key attributes/features 
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5. Experimental design. (We need a certain amount of data) 

6. Reduce the dimensions between 3-4 (Which ones?) respondents in Europe. Focus on the end 

customer and let them rank: 

 Satisfaction of attributes/features. Ranking between 1-5 where 1-None, 2-Minor, 3-Attractive 

4-Crucial or 5-Must)  

 To what extend will these features also reduce uncertainty (scale between 1-X) 

7. Qualify our model by compare the impact between the theory and the respondent study.  

We have chosen to adopt the Kano model for the following relevant reasons:  

(1) it can be implemented even prior to the consumption experience and is useful for identifying 

customers’ needs and wants and in translating them in product or service specifications (Chaudha 

et al., 2011; Dominici et al., 2015); and 

(2) It is not built on direct relationships between customer satisfaction and performance, so higher 

quality does not necessarily determine higher satisfaction levels for all the product’s attributes 

(Dominici et al., 2015). 

To be able to understand what features to include in the survey a small market analysis 

where performed. A value proposition catalogue will be created through a small market analysis, 

from reading research and industry publications of new technologies reaching the construction 

market to contacting sales representatives from some of the larger manufacturers of PowerTools. 

The result will be gathered in a value propositions catalogue (Table 3-0-2) 

Table 4-0-1 Value proposition of functional features 

Functional 

feature 
PowerTools - Value propositions 

(Attributes/Features) 
Kano model 

attribute 
Level of 

Uncertainty 

#1 Active vibration reduction   

#2 Hammerhead condition   

#3 Etc.   
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4.5 Research limitations 

More than 20 out of 30 people have also received a follow up telephone call or a on site 

visit to find out their additional views on the area of Internet of Things on PowerTools. The 

research of this thesis is on basis on quantitative but all the discussions with the different 

professionals have been a good support. 

 

4.6 Identification of functional features  

To be able to understand what features to include in the survey a small market analysis 

where performed. A value proposition catalogue will be created through a small market analysis, 

from reading research and industry publications of new technologies reaching the construction 

market to contacting sales representatives from some of the larger manufacturers of PowerTools. 

The result will be gathered in a value propositions table 4-0-2. 

 

 

Table 4-0-2 Proposition catalogue 

Functional 
feature 

PowerTools - Value propositions 
(Attributes/Features) 

Kano model 
attribute 

Level of 
Uncertainty 

#1 Active vibration reduction   

#2 Hammerhead condition   

#3 Performance analysis *   

#4 Real time fault detection   

#5 Real time position *   

#6 Maintenance instruction   

#7 Remote access *   

#8 Automatic Identification of a tool using RFID 
or Beacons 

  

#9 Visual identification of work order   

#10 Pic-By-AR   

#11 Check-out protocols   
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#12 Invoicing   

#13 Technical documentation   

#14 Quality control   

#15 Product recognition   

#16 Show hidden infrastructure  HoloLens *   

#17 Collaboration with Co-workers   

#18 Stock balance   

#19 Synchronization with construction views   

#20 Predictive maintenance* 

 

  

#21 Machine learning   

#22 Track and report miss usage   

#23 On line training   

#24 Track online – Anti theft   

#25 Monitoring of batteries *   

 

Table 4-0-2 is explaining the value proposition catalogue have been the tool to be used 

when presenting, rank and distinguish functional feature from each other from a perspective of 

business development and finally agreed on. 

During the reading of the literature several and by performing a market analysis different 

features where coming up as ideas and recorded in the proposition table. Performance analysis, 

Real time position, Remote access, HoloLens, Predictive maintenance and Monitoring of batteries 

where chosen to represent the functional features in the questionnaire. 

4.7 Design of Questionnaire 

Design of Questionnaire is based on Kano’s model for product development in 

combination with Dimokas uncertainty model. 

Figure 2. Design components and process flow of questionnaire IoT on PowerTools 

 

4.7.1 Basic data for the questionnaire 

 The survey has been developed by Google Forms and has been translated into two different 

languages, Swedish and English: 
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- The Swedish version is called Undersökning - Internet of Things för elverktyg 

- English equivalent is called Survey: IoT for PowerTools  

 The survey has been send out to more than 250 potential respondents mainly suited in Sweden, 

Greece and Qatar. These candidates are suitable because of their knowledge’s and capacity 

 Analysis has been done through mathematical functions in Excel. To be able to calculate 

Standard deviation, the Excel formula STDEVA have been used. 

 

4.7.2 Design of questionnaire 

Figure 4-0-2: Design model for analysis of product uncertainty 
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Formula: Decision of Introducing IoT = H1 + H2*(H1+H3+H4)  

Decision of Introducing IoT = Quality attributes + Quality attribute (1 + Quality Rank + Functional Features) 

 

1. Category of respondents 

Basic questions for identification of respondents but indifferent for the Kano’s and 

Dimokas models. The questionnaire has primary being send to following categories of 

respondents: 

6 

 

6 

7 

5 

4 

3 

1 

2 

7 

 

5 

 

4 

 

3 

 

2 

  1 

1 

 

H1+ 

H1+ 

H3+ 

H2+ 

H4+ 
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 Construction workers 

 Rental/Purchase responsible 

 Sales and Marketing 

 Service and aftermarket 

 General Manager 

 Project Manager 

 Other 

 

2. Plan to adopt IoT Services 

 Using 

 Planning 

 Interested 

 

3. Quality requirements 

To be able to identify the value of quality requirements and functional features we have 

chosen to use the Kano’s model and the Voice of the customer. To be able of producing relevant 

structure quality requirements, the survey could have been based on the already mentioned 

international standard (ISO/IEC 25010:2011) that consist of eight different quality characteristics: 

Functional Suitability, Performance efficiency, Compatibility, Usability, Reliability, Security, 

Maintainability and Portability. Instead, the survey and the analytical part of this thesis are based 

on only four quality attributes, besides the analysis of functional features: 

 Functional features - The actual features that actually brings value for the customer 

 Compatibility - Explains requirements of interacting with dependent surroundings 

 Reliability - Explains requirements of service 

 Usability - Explains requirements on delivering user experience 

 Sustainability - Explains requirements on scaling, adoption, migration and upgrading 

The reason is an unnecessary high complexity level of the questionaries’ with eight quality 

features.  
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Together with an additional economy aspect that also is important for our study the 

questionnaire would we too complex to develop but the main reason was to show consideration 

for the respondents of the questionnaire.  

 Economy - Explains requirements on financial models 

Holistic view of product quality for the thesis survey 

Figure 4-0-3 Holistic view of product quality for the thesis survey 

 

The purpose with this study is also to compare Kano/Dimokas with the result of the survey 

try to find correlations between functional features and quality attributes. To be able to find 

correlations between quality requirements and the importance of them, the survey is using a 

ranking method in purpose of find the need for having a specific quality attribute. The method is 

based on KANO’s five quality attribute questions and answers on the question:  

Question: How would it feel if these features were present? 

Answers: 

 Very helpful to me 
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 A basic requirement 

 No effect 

 Absence, a minor inconvenience 

 Absence, a major problem 

4. Unique ranking 

The respondent needs to rank the importance between the five different quality 

requirements  

 Compatibility 

 Reliability 

 Usability 

 Sustainability 

 Economy 

The purpose of this ranking is to find out which quality requirements really matters to the 

respondent. 

The respondent need to arrange the importance of the quality features with a unique number 

between 1 and 5. Not two or more attributes may have the same grade, as it is a ranking: 

1 - Least important 

5 - Most important 

5. Functional features 

From the proposition catalogue in table 4-0-2 only following six functional features was 

used in the questionnaire: 

Table 4-0-3 Ranking of functional features 

Rank Ranking of functional feature 
Value score  

(Scale 1-10) 

 Performance  

 GPS pos  
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 Remote Access  

 Monitor battery  

 AI  

 HoloLens  

 Average:  

Table 4-0-3 is including the final features to be used in the questionnaire 

 

6. Quality features influence functional features 

This function is supposed to find out what impact quality attributes have on functional 

features. 

 

7. Decisions of introducing IoT  

Same as reduction of uncertainty. The final step and tool to be able to perform the final 

analysis on both functional features from the voice of customer and reduction of uncertainty. 

 

4.7.3 Weighted answers for Kano plot 

To be able to plot answers in Kano graph some kind of tool and transformation rule was 

necessary to developed 

Graph 4-0-4 Kano Four-panel graph 
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4.7.4 Dimensioning of axles 

To be able to plot a suitable scales for x and y axles needed to be defined. This kind of 

weighting process giving scores to a subjective expression have been used in other studies of the 

Kano model (Zacarias, 2016) and both of them have been using a scale between 0-4 for both x- 

and y-axis. It is important to understand that there is no scientific study behind the choice of the 

corresponding coordinates. The purpose of this is weighting process is to be able to plot answers 

in a graph being more comprehensible, relevant and easy to find conclusions out of. The main 

purpose of this thesis is to analyse the voice of the customers compared to other quality attributes 

and functional features but also put them in a context of Dimokas theory of uncertainty being able 

to analysing the total effect of what really affects the introduction of Internet of Things on 

PowerTools 

 

Table 4-0-4 Kano expressions and Four panel X/Y-coordinates 

Kano expression Label X Y 

Very helpful to me Attractive 0 4 
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A basic requirement Must 4 0 

No effect Indifferent 0 0 

Absence, a minor inconvenience Indifferent 0 0 

Absence, a major problem Must 4 0 

 

Table 4-0-4 is representing the weighted coordinates for an X/Y-plot with scale  

 

Graph 4-0-5 Kano Four-panel graph with scale 

 

Table 4-0-5 is representing the weighted coordinates for an X/Y-plot with scale based on 

assumptions how to evaluate and being able to plot the Kano answer in a graph. This Four-panel 

graph were decided to adopt the Zacarias model (Zacarias, 2016) by valuing the different answer 

either 0,4, 0,0 or 4,0 as x- and y-coordinates and the scale of the graph was adjusted to fit the 

answers based on this valuation process. 

4.7.5 Expressions weighted coordinates 

Based on the Four-panel graph - now with scale, next step was to match the expression 
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with the suitable coordinates according to Table. The respondents’ now needs to place a ranking 

on every functional features from 1 until 10 where 1 is the lowest ranking and 10 highest. We used 

this ranking to identify the weight-importance of each functional feature. At the same time, the 

respondent also needs to rank the different functional features also from a quality perspective, 

based on the same quality requirements as earlier Compatibility, Reliability, Usability, 

Sustainability plus Economy. 

The purpose of this quite complex mix of questions is to find out if there are functional 

features that is so important that the customer are ready to make certain qualitative compromises 

or deviations to get these. 

4.7.6 Impact of Functional features 

What impact does the Quality attributes have on the functional features. 

4.7.7. Calculations of uncertainty reduction 

Effects the decision of introducing IoT. The decision of introducing IoT in a business is a 

weighting of at least three forces that reduces uncertainty: 

1. Quality requirements (attributes) 

2. Functional requirements (features) 

3. The attributes impact on features 

4.7.8 Continuous analysis 

The result will be plotted based on a continuous analysis where each functional answer 

gets a numerical score and the averaged over all respondents is plotted in the graph. See the 

analysis part of this thesis. 

 

4.8 Limitations and out of scope functionality 

First, there are some limitations in this study that must be explained. Among other things, 

one goal was to show the result of all answers of the quality attribute questions gathered by the 

survey in one common graph. The dysfunctional or disgusted part of Kano has not been analysed 

and the reversed category is therefore out of scope in this study. The main reason for limiting the 
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Kano study was an early decision not to exceed the complexity of the already complex 

questionnaire. The dysfunctional and disgusted part of Kano is an example of further studies in the 

area of business development. 

Based on the Kano’s question - How would it feel if these features were present? All five 

possible answers were matched and categorized into the five different quality categories by a 

specific direct-classification method developed for the Kano Model: 

To be fully compliant to Kano’s five dimensions on customer satisfaction in order to 

uncover customer's perceptions towards the quality attributes of a product, a Kano questionnaire 

should consists of a pair of questions for each feature we want to evaluate:  

 One asks our customers how they feel if they have the feature. 

 The other asks how they feel if they did not have the feature. 

The first and second questions are respectively called the functional and dysfunctional 

forms. The reason why a Kano analysis also requires an opposite question is to find if absence of 

functionality have Dysfunctional and Disgusted effects on quality. 

The model was also need to including the different quality categories, but based on other 

studies of the Kano model next step was to create a four-panel graph and represent Kano’s four 

different dimensions Must-Be, One-Dimensional, Attractive in this graph: 

Kano’s Quality categories 

 M= Must-Be 

 O=One-Dimensional 

 A=Attractive 

 I=Indifferent 

 R=Reverse  

Because of the issue of producing a survey possible to answer, an early decision were taken 

the survey only should be based on questions if a feature were present the reverse category was 

already out of scope and not to be considered. 

Out of scope for this study: 
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 Dysfunctional or disgusted questions 

 Questionable (not an official category and not used in this study)  

Table 4-0-5 Functional and Dysfunctional Quality Categories 

Answers to dysfunctional questions 

Answers to functional 

questions 

  Like Must be Neutral Live with Dislike 

Like Q A A A O 

Must be R I I I M 

Neutral R I I I M 

Live with R I I I M 

Dislike R R R R Q 

 

Corresponding Kano’s expressions: 

Very helpful to me corresponds to Attractive – A 

A basic requirement corresponds to Must – M 

Absence, a major problem corresponds to Must – M 

Absence, a minor inconvenience corresponds to Indifferent – I 

No effect corresponds to indifferent – I 

 

The only corresponding categories (labels) that were in consideration as Kano expressions:  

 M= Must-Be 

 O=One-Dimensional 

 A=Attractive 

 I=Indifferent 
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4.8.1 Research limitations 

A limitation was the time pressure in order for the researcher to obtain the desired answers 

at the desired time. 

 

4.9 Development of model 

To be able to define the relationship between customer (or business) value and price 

structures the major barriers for enterprises adopting IoT in a real time services needs to be 

identified. It is well known that there is an inherent resistance when adopting new technology taken 

expressions in different uncertainties and perceived risks (Find a reference here!). In order to take 

a few examples there is perceived resistance and questions according to standardized IoT 

platforms.  

Currently there are more than 350 different official platforms on the market (Forrester, 

2016) Security is and will always be an uncertainty when using Internet as a carrier when adopting 

IoT. To be able to calculate business value in the area of IoT these different uncertainties needs to 

be managed and clearly being signalled to potential customers. Being influenced by Akerlof’s 

Market of Lemons we have chosen to divide these uncertainties into three different areas; 

Antecedents of product uncertainty, nature of product uncertainty and consequences of product 

uncertainty. 

1. Alternative model: Valuating IoT based on different price models could be related to the Master 

Thesis but we were not able to lift in type of model in a necessary theory. The message here is that 

the outcome (customer offering) is based on setting a value, not a price and keep the customer 

offerings as transparent and simple as possible. A big challenge when it comes to IoT is the cost 

of customers own effort when implementing IoT in their organization (Lindblom, 2016) 

 

4.9.1 Benefit for the customer 

Both international research and national surveys indicate how huge amounts in the 

construction industry are lost annually in crime. The problem is not just the theft itself, but also 
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the halt of work and the costs this entails for companies to buy new equipment 

(Kronqvist&Martinez Olsson, 2016). Peab, one of the largest construction companies in the 

Swedish market is reporting that only from their company, PowerTools, machines and similar are 

stolen for more than 12 million Swedish krona per year (Swedish Television, 2017). According to 

the FOU study, 72% of all stolen equipment was tools-related and 60% of them where PowerTools 

related (Kronqvist&Martinez Olsson, 2016) 

One part of the model contains an analysis of current total cost of ownership (TCO) based 

on current product usage through its life cycle. It is important to have internal business case that 

supports a viable technical solution to be able to move the initiative forward and to justify the 

investments. (Stackowiak et.al. 2015). 

As a complement when computing TCO or ROI there are many different online-tools for 

calculating TCO or ROI. Some major players in the field of IoT have their own official online 

price calculators where both TCO and ROI can be calculated. Microsoft (Microsoft Azure Price 

Calculator) and Amazon (TCO Calculator) are two examples. In addition, the CNET owned 

TechRepublic.com, a neutral online trade publication and social community for IT professionals 

offers a downloadable Enterprise IoT TCO and ROI Calculator for free. (TechRepublic.com, 2017) 

To be able to match an offer from a supplier or compare an initial calculation, its important 

knowing your current costs, implementation costs, and projected savings will help you to 

determine what you can expect to get out of an IoT implementation to assist in making a case for 

new purchases or adjusting an existing implementation for the best results. (Matteson, 2017). 

As the literature already have stated there is an array of IoT functions for both consumer 

and business purposes on the market today, but an enterprise can’t do things only for fun and needs 

to determining if IoT actually have an business case in their operations. To be able to find out total 

cost of ownership (TCO) or a return on investment (ROI) in a widespread or large-scale 

implementation can be challenging (Matteson, 2017).  

According to IBM and their IoT survey from 2015, 65% of all respondents was unsure of 

the ROI and how to monetize on IoT (IBM, 2015) but 69% of their respondents thinks that IoT 

can help improving their line of business through new business models and revenue streams. 

According to a Gartners, study of IoT organizations will benefit from IoT generated by external 

https://en.wikipedia.org/wiki/Trade_publication
https://en.wikipedia.org/wiki/Information_Technology
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activities with new revenue streams up to 40% and an additional up-sell of products or services up 

to 26% (Gartner, 2016). 

 

4.9.2 Benefit for the communality 

The second part of the model contains an analysis how customer’s expectation could be 

analysed together with a model for performing a fast commercial due diligence on current product 

usage. All in purpose of bridging the gap to be able to offering both the product and different 

services together with a value based price setting. 

Comparing the current AS-IS model with the future TO-BE model in combination with 

IoT Service model an additional analysis of supplier benefits should also be developed. Meaning 

the benefit (value) of getting access to information of customer’s usage of company products 

understanding user behaviour and developing better products and solutions. Findings and values 

from this additional model is a reasonable contribution to be able to create an attractive customers 

pricing model. 

In order to create distinct offerings and to better satisfy customers, a company often group 

their customer into different segmentations. An organization must make a conscious decision about 

which segment to serve and which segment to ignore (Osterwalder & Pigneur, 2010). According 

to Osterwalder et. Al. a business model is containing both partnerships, customers, products, 

resources and the relations in-between. A business model also contains different activities, 

distribution channels and financial streams. To be able to create value, a business model. Value 

creation is a distinct blend of a product and services fulfilling needs to a specific segment. This 

blend could consist of newness, performance, accessibility, usability, customization, design, 

status, cost/price, risk and more. 

Neither the manufacturer nor the reseller of equipment has any idea that something is 

malfunctioning within the equipment, until someone complains. By using IoT-sensors and real-

time monitoring within the equipment the manufacturer is able to assess performance of the 

equipment prior to the product deteriorating or even fails (Vanderpool, 2016). Specific 

applications are the following: 
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1. Benchmarking: Using sensors to collect data can also help companies to benchmark their 

equipment once it leaves their facility. They can log and compare data from equipment in different 

locations or where equipment is placed in different operating environments and see how they 

perform comparatively (Vanderpool, 2016) 

2. Product improvements: Collected data could also be utilized for their design-in engineering 

processes by revising the design of products and components to achieve more durable and higher-

performing technology. The obvious next step becomes predictive maintenance where the use of 

sensors for things like thermal imaging, vibration analysis, sonic and ultrasonic analysis and 

emissions allow for the detection of problems before they even occur. For companies making end 

consumer products, the advent of the IoT provides a great way to improve customer service and 

drive stronger sales revenue as well. (Vanderpool, 2016) 

3. Avoid unnecessary traveling: Furthermore, no longer would teams of people have to travel to 

visit production sites to record their findings manually. Data from the IoT could draw immediate 

attention, followed by corrective action, such as repair, maintenance or replacement. (Vanderpool, 

2016) 

4. Appropriate offerings: Manufacturers could also utilize and analyse the data they receive to 

offer more appropriate preventative maintenance and warranty programs (Vanderpool, 2016). The 

ability to access product status information in real time is invaluable for support services, 

especially because it makes for much more efficient root cause analysis and solution development.  

Graph 4-0-6 Value Equivalence Line - VEL 



 

67 

 

 

 

Customer perceived benefits Compatibility, Reliability, Vendor support, Predictive 

maintenance, Documentation/Training, Miss Usage, Improve of usage, Product improvements. 
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Chapter 5: Results  

The following chapters are explaining relevant findings of what customers expects from 

IoT on PowerTools. The relationship but also the differentiation will be analysed based on different 

kind of customers and their answers on the IoT on PowerTools questionnaire. 

In total, we have received 31 different responses and one of them was not usable because 

the respondent seems to have misunderstood the assignment and reporting only 0 or no effect on 

every question. We received in total 21 answers through the Swedish version of the survey and 10 

from English version. The distribution and the summery of all these 30 answers is gathered and 

presented as follows. 

The result of the analysis and the conclusion has been divided into two different sections. 

One descriptive statistics (frequencies, percentages, mean values, standard deviation) part based 

on the answers from the questionnaire straight up and down as they have been received. See Figure 

1. The reason for that is the possibility to find relationship but also the differentiation between 

Kano’s model for product development and Dimokas model of uncertainty. 

 

5.1 Descriptive statistics 

In this section, the descriptive statistics is presented.  

 

5.1.1 Relationship to Powertools 

Table 5-0-1 Relationship to PowerTools 
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Frequency Percent 

Cumulative 

Percent 

Construction worker 2 6,7 6,7 

General Manager 6 20,0 26,7 

Other 4 13,3 40,0 

Project Manager 6 20,0 60,0 

Rental/Purchase responsible 5 16,7 76,7 

Sales and Marketing 3 10,0 86,7 

Service and aftermarket 4 13,3 100,0 

Supervisor 0 0,0 100,0 

Total 30 100,0  

 

According to table 5-0-1, 20% of the participants were project managers, 20% were 

General Manager, 16,7 were responsible for Rental/Purchase, 13,3%  of the participants were in 

the service and aftermarket sales, 10% was in the marketing department, 16,7% were in the 

rental/purchase department, 6,7% of the participants were construction workers. 13.3% of the 

participants had different working profiles.  

 

Table 5-0-2 Plans on using IoT for PowerTools 

What are your firms plans on using IoT for PowerTools? 
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According to table 5-0-2, 56.7% of the participants said that the firms they are working for are 

interested on using IoT for PowerTools, 20% is already using it, 13,3% is planning and 10,0% has 

no plans.  

 

5.1.2 Compatibility – Ability to easily interact with dependent and standardized 

surroundings  

How important is it for you that IoT is based on 

Table 5-0-3 Ability to interact with dependent surroundings 

 
Frequency Percent 

Cumulative 

Percent 

Already using IoT 6,0 20,0 20,0 

Interested 17,0 56,7 76,7 

No plans 3,0 10,0 86,7 

Planning 4,0 13,3 100,0 

Total 30 100,0 100,0 
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 A basic 

requirement 

Absence, a major 

problem 

Absence, a minor 

inconvenience No effect 

Very helpful to 

me 

 N % N % N % N % N % 

 [International standards 

(IEE/ISO)?] 
16 55,60% 3 11,10% 1 3,70% 3 7,40% 7 22,20% 

 [Common platforms (e.g. 

Microsoft, Amazon, PTC or 

GE)?] 

11 37,00% 1 3,70% 2 7,40% 7 22,20% 9 29,60% 

 [A Taylor made solution 

only for your company.] 
3 11,10% 3 11,10% 1 3,70% 17 51,90% 6 22,20% 

 

According to table 5-0-3, 77.8% of the participants said that there is a basic requirement 

or it is very helpful that IoT is based on international standards, 66.6% said on common 

platforms and 33.3% on a tailor made solution only for their company.  

 

Table 5-0-4 Compatibility relates reduction of uncertainty 

If all these compatibility-related functions were fulfilled, to what extent would this reduce 

your uncertainty to implement IoT in your business? 
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Frequency Percent Valid Percent 

Cumulative 

Percent 

0 1 3,3 3,3 3,3 

2 4 13.3 13,3 16,7 

3 6 20,0 20,0 36,7 

4 17 56,7 56,7 93,3 

5 2 6,7 6,7 100,0 

Total 20 100,0 100,0  

 

According to table, 5-0-4 96, 7% of the participants said that if all these compability-realted 

functions were fulfilled then this would reduce the uncertainty to implement IoT in their business 

on a satisfactory at least level.  

 

5.1.3 Reliability –Ability to accomplish promised service dependably and accurately  

How important is it for you that the IoT-solution is performing 

Table 5-0-5 Ability to accomplish service 
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 A basic 

requirement 

Absence, a major 

problem 

Absence, a minor 

inconvenience No effect 

Very helpful to 

me 

 N % N % N % N % N % 

 [With a high level of 

uptime?] 
22 73,3% 1 3,3% 1 3,3% 2 6,7% 4 13,3% 

 [With a high level of IT-

security?] 
17 55,7% 2 6,7% 0 ,0% 2 6,7% 9 30,0% 

 [With a high level of data 

integrity?] 
14 46,7% 3 10,0% 0 ,0% 2 6,7% 11 36,7% 

 [With a 3rd party guarantee 

of data transport?] 
13 43,3% 1 3,3% 2 6,7% 6 20,0% 8 26,7% 

 [Giving you exclusive right 

to you own data.] 
17 55,7% 3 10,0% 1 3,3% 3 10,0% 6 20,0% 

 

According to table 5-0-5, 86.26% of the participants said that there is a basic requirement 

or it is very helpful that IoT is performing with a high level of uptime and IT security. 85.7% with 

high level of data integrity, 75.7% by giving to them exclusive right to their own data and 70.0% 

with a 3rd party guarantee of data transportation.  

 

Table 5-0-6 Reliability related reduction of uncertainty 

If all these reliability-related functions were fulfilled, to what extent would this reduce your 

uncertainty to implement IoT in your business? 
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Frequency Percent Valid Percent 

Cumulative 

Percent 

0 1 3,3 3,3 3,3 

2 5 16,7 13,3 16,7 

3 4 13,3 20,0 36,7 

4 16 53,3 56,7 93,3 

5 4 13,3 6,7 100,0 

Total 30 100,0 100,0  

 

According to table 5-0-6, 96, 7% of the participants said that if all these reliability-related 

functions were fulfilled then this would reduce the uncertainty to implement IoT in their business 

on a satisfactory at least level.  

 

5.1.4 Usability - Ability to deliver a user-friendly experience  

How important is it for you that the IoT-solution is 

Table 5-0-7 Ability to accomplish usability 

 A basic requirement Absence, a major problem No effect Very helpful to me 

 N % N % N % N % 

 [User friendly?] 16 53,3% 2 6,7% 1 3,3% 11 36,7% 

 [Intuitive and easy to 

learn?] 
21 70,0% 1 3,3% 0 ,0% 8 26,7% 

 [Fast and easy to access?] 15 50,0% 3 10,0% 0 ,0% 12 40,0% 
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According to table 5-0-7, 100% of the participants said that there is a basic requirement, it 

is very helpful or Absence, a major problem that IoT –solution is intuitive and easy to learn, fast 

and easy to access. 96.7% of the respondents thinks it needs to be user friendly. 

 

5.1.5 Usability-Ability to deliver reduction  

If all these usability-related functions were fulfilled, to what extent would this reduce your 

uncertainty to implement IoT in your business? 

Table 5-0-8 Usability related reduction of uncertainty  

 
Frequency Percent Valid Percent 

Cumulative 

Percent 

0 1 3,3 3,3 3,3 

2 1 3,3 3,3 6,7 

3 5 16,7 16,7 23,3 

4 19 63,3 63,3 86,7 

5 4 13,3 13,3 100,0 

Total 30 100,0 100,0  

 

According to table 5-0-8, 96, 7% of the participants said that if all these usability-related 

functions were fulfilled then this would reduce the uncertainty to implement IoT in their business 

on a satisfactory at least level.  

 

Sustainability-Ability to scale, adopt, migrate and upgrade to future technologies and new 

standards. How important is it for you that the IoT-solution is 
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Table 5-0-9 Ability to accomplish sustainability 

 A basic 

requirement 

Absence, a 

major problem 

Absence, a minor 

inconvenience No effect 

Very helpful to 

me 

 N % N % N % N % N % 

 [Wide spread, future proofed and 

persistent?] 
20 66,7% 2 6,7% 0 ,0% 2 6,7% 6 20,0% 

 [Scalable according to the 

amount of connected units, users 

and countries?] 

16 53,3% 1 3,3% 1 3,3% 7 23,3% 5 16,7% 

 [Scalable according to the 

amount of data samples?] 
13 43,3% 1 3,3% 6 20,0% 4 13,3% 6 20,0% 

 [Monitoring abuse to exceed 

warranty to customer?] 
12 40,0% 1 3,3% 4 13,3% 3 10,0% 10 33,3% 

 

According to table 5-0-9, 86.7% of the participants said that there is a basic requirement or 

it is very helpful that IoT –solution is wide spread, future proofed and persistent. 73.3% said 

monitoring abuse to exceed warranty to customer, 70.0% said scalable according to the amount of 

connected units, users and countries and 63.3% said scalable according to the amount of data 

samples.   

If all these sustainability-related functions were fulfilled, to what extent would this reduce your 

uncertainty to implement IoT in your business? 

 

Table 5-0-10 Sustainability related reduction of uncertainty 
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Frequency Percent Valid Percent 

Cumulative 

Percent 

0 2 6,7 6,7 6,7 

2 1 3,3 3,3 10,0 

3 8 26,7 26,7 36,7 

4 18 60,0 60,0 96,7 

5 1 3,3 3,3 100,0 

Total 30 100,0 100,0  

 

According to table 5-0-10, 93.3% of the participants said that if all these sustainability-

related functions were fulfilled then this would reduce the uncertainty to implement IoT in their 

business on a satisfactory at least level.  

 

Economy-Built in financial models easy to understand and to use  

How important is it for you that the IoT-solution is: 

Table 5-0-11 Ability to accomplish economy 
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 A basic 

requirement 

Absence, a 

major problem 

Absence, a minor 

inconvenience No effect 

Very helpful to 

me 

 N % N % N % N % N % 

 [Transparent and easy to 

calculate TCO or ROI on?] 
9 30,0% 1 3,3% 2 6,7% 6 20,0% 12 40,0% 

 [Offering various payment 

models (Pays as you go, 

upfront or subscription).] 

6 20,0% 2 6,7% 1 3,3% 12 40,0% 6 23,3% 

 

According to table 5-0-11, 70.0% of the participants said that there is a basic requirement 

or it is very helpful that IoT –solution is transparent and easy to calculate TCO or ROI on and 

43.3% said offering various payment models (Pays as you go, upfront or subscription).   

 

If all these financial-related functions were fulfilled, to what extent would this reduce your 

uncertainty to implement IoT in your business? 

Table 5-0-12 Financial related reduction of uncertainty 
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Frequency Percent Valid Percent 

Cumulative 

Percent 

0 1 3,3 3,3 3,3 

1 1 3,3 3,3 6,7 

2 3 10,0 10,0 16,7 

3 11 36,7 36,7 53,3 

4 14 46,7 46,7 100,0 

Total 30 100,0 100,0  

 

According to table 5-0-12, 96.7% of the participants said that if all these financial -related 

functions were fulfilled then this would reduce the uncertainty to implement IoT in their business 

on a satisfactory at least level.  

 

5.2 Rank of quality attributes 

Importance of quality attributes in relation to job–related focus areas 

Table 5-0-13 Main ranking of quality attributes 
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 N Minimum Maximum Mean Std. Deviation 

COMPATIBILITY (Extensive and easy 

integration to all dependent surroundings) 
30 1 5 3,19 1,188 

RELIABILITY (Performance, security, 

integrity, privacy etc.) 
30 2 5 4,48 ,893 

USABILITY (An intuitive and user-

friendly experience) 
30 2 5 3,33 ,784 

SUSTAINABILITY (Persistent and 

future proofed) 
30 1 5 2,67 1,386 

ECONOMY (a perceivable license model 

with a possibility to calculate TCO or 

ROI) 

30 1 5 1,63 0,967 

      

 

According to table 5-0-13, the most important quality attribute in relation to job–related 

focus areas was the reliability (M=4.48), in the second place was usability (M=3.33), in the third 

place was compatibility (M=3.19) with sustainability (M=2.67) and in the fifth place was economy 

(M=1.63). According to your job-related focus areas, define the importance of the five different 

quality attributes. Rank the importance of quality attributes in an order based on unique numbers 

from one to 5: 

 

Table 5-0-14 Rank of quality attributes 



 

81 

 

 COMPATIBILITY RELIABILITY USABILITY SUSTAINABILITY ECONOMY 

Rank 2,73 4,70 3,43 2,60 1,53 

      

 

According to table 5-0-14, Reliability received 4,7 out of 5 in rank of importance, Usability 

3,43 out of 5, compatibility received 2, 73, Sustainability 2,60 and Economy 1,53.  

 

5.3 Capabilities-Functional IoT Services  

5.3.1 Performance Analysis  

What value will fault detection, vibration control, alarms, misuse, real time accumulation, 

analysing and presenting performance data collected from PowerTools bring to your business? 

Table 5-0-15 Value of Performance analysis 

 N Minimum Maximum Mean Std. Deviation 

PERFORMANCE ANALYSIS 30 1 10 7,6 1,83 

      

 

According to table 5-0-15, the majority of the participants said that performance analysis 

(M=7,6) of PowerTools will bring a lot of value to their business.  

 

To what extent has performance analysis from a device a positive impact on your business and 

your decision of introducing IoT on PowerTools according to? 

Table 5-0-16 Value of performance analysis related to quality attributes 
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 A basic 

requirement 

Absence, a major 

problem 

Absence, a minor 

inconvenience No effect 

Very helpful to 

me 

 Ν % Ν % Ν % Ν % Ν % 

[Compatibility] 13 43,3% 0 ,0% 5 16,7% 4 13,3% 8 26,7% 

[Reliability] 14 46,7% 4 13,3% 1 3,3% 2 6,7% 9 30,0% 

[Usability] 19 63,3% 2 6,7% 2 6,7% 2 6,7% 5 16,7% 

[Sustainability] 15 50,0% 1 3,33% 3 10,0% 2 6,7% 9 30,0% 

[Economy] 13 43,3% 0 ,0% 2 6,7% 8 26,7% 7 23,3% 

 

According to table 5-0-16, 80.0% of the participants said that  there is a basic requirement 

or it is very helpful performance analysis from a device in relation to usability, 80.0% said 

sustainability, 76.7.% said reliability, 70.0% said compatibility and 66.6% said economy.  

 

5.3.2 Remote access control 

Remote access control (verify, lock or unlock a Power tool preventing it from misuse, 

unauthorized access (lack of user knowledge or theft), a rental period has ended or a payment has 

not been made or for medical reasons - a worker is not allowed to work with the Power tool during 

a specific time. What value would this bring to your business? 

 

Table 5-0-17 Value of Remote access control 
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 N Minimum Maximum Mean Std. Deviation 

REMOTE ACCESS CONTROL 30 1 10 6,3 2,867 

      

 

According to table 5-0-17, the majority of the participants said that remote control access 

(M=6.3) of PowerTools will bring a lot of value to their business. Remote access control 

received 2.867 in standard deviation, the highest of all, even higher than HoloLens.To what 

extent has remote access control from a device a positive impact on your business and your 

decision of introducing IoT on PowerTools according to: 

 

Table 5-0-18 Value of remote access control related to quality attributes 

 A basic 

requirement 

Absence, a major 

problem 

Absence, a minor 

inconvenience No effect 

Very helpful to 

me 

 Ν % Ν % Ν % Ν % Ν % 

[Compatibility] 10 33,3% 0 ,0% 1 3,3% 12 40,0% 7 23,3% 

[Reliability] 14 46,7% 1 3,3% 1 3,3% 8 33,3% 4 13,3% 

[Usability] 16 53,3% 1 3,3% 2 6,7% 4 16,7% 5 16,7% 

[Sustainability] 14 46,7% 0 ,0% 0 ,0% 11 36,7% 5 16,7% 

[Economy] 7 23,3% 0 ,0% 6 20,0% 11 36,7% 6 20,0% 

 

According to table 5-3-4, 70.0% of the participants said that there is a basic requirement or 

it is very helpful remote access control from a device in relation to usability, 63.4% said 

sustainability, 56.6% said compatibility, 43.3% said economy and 60.0% said reliability.  
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5.3.3 Track online by GPS position  

What value does real time positioning for monitoring of inventory or prevent theft bring to your 

business? 

Table 5-0-19 Value of Track on line by GPS position 

 N Minimum Maximum Mean Std. Deviation 

TRACK ONLINE BY GPS 

POSITION 
30 2 10 7,70 1,896 

      

 

According to table 5-0-19, the majority of the participants said that track online by GPS 

position (M=7.70) of PowerTools will bring a lot of value to their business. To what extent has 

track online by GPS position from a device a positive impact on your business and your decision 

of introducing IoT on PowerTools according to? 

 

Table 5-0-20 Value of Track on line by GPS position related to quality attributes 
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 A basic 

requirement 

Absence, a major 

problem 

Absence, a minor 

inconvenience No effect 

Very helpful to 

me 

 Ν % Ν % Ν % Ν % Ν % 

[Compatibility] 17 56,7% 0 ,0% 0 ,0% 8 26,7% 5 16,7% 

[Reliability] 16 53,3% 1 3,3% 2 6,7% 4 13,3% 7 23,3% 

[Usability] 21 70,7% 1 3,3% 1 3,3% 2 6,7% 5 16,7% 

[Sustainability] 16 53,3% 0 ,0% 3 10,0% 6 20,0% 5 16,7% 

[Economy] 12 40,0% 0 ,0% 3 10,0% 7 23,3% 8 26,7% 

 

According to table 5-0-20, 87.4% of the participants said that there is a basic requirement 

or it is very helpful track online by GPS position from a device in relation to usability, 70.0% said 

sustainability, 73.4% said compatibility, 66.7% said economy and 76.6% said reliability.  

 

5.3.4 Monitoring of batteries 

What value will a continuous monitoring of batteries to be able to show remaining time 

bring to your business? 

 

Table 5-0-21 Value of Monitoring batteries 

 N Minimum Maximum Mean Std. Deviation 

MONITORING OF 

BATTERIES 
30 1 10 7,1 2,682 
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According to table 5-0-21, the majority of the participants said that continuous monitoring 

of batteries (M=7.1) of PowerTools will bring a lot of value to their business. To what extent has 

monitoring of batteries of a device a positive impact to your business according to: 

 

Table 5-0-22 Value of Mentoring batteries related to quality attributes 

 A basic 

requirement 

Absence, a major 

problem 

Absence, a minor 

inconvenience No effect 

Very helpful to 

me 

 Ν % Ν % Ν % Ν % Ν % 

[Compatibility] 12 40,0% 0 ,0% 1 3,3% 10 33,3% 7 23,3% 

[Reliability] 14 46,7% 1 3,3% 1 3,3% 8 26,7% 6 20,0% 

[Usability] 12 40,0% 0 ,0% 3 10,0% 8 26,7% 7 23,3% 

[Sustainability] 15 50,0% 0 ,0% 3 10,0% 7 23,3% 5 16,7% 

[Economy] 10 33,3% 0 ,0% 2 6,7% 11 36,7% 7 23,3% 

 

According to table 5-0-22, 63.3% of the participants said that there is a basic requirement 

or it is very helpful monitoring of batteries from a device in relation to usability, 66.7% said 

sustainability, 63.3% said compatibility, 56.6% said economy and 66.7% said reliability.  

 

5.3.5 AI and predictive maintenance 

What value will the possibility of using AI (Artificial Intelligence) and predictive maintenance and 

by this receive the possibility of detecting and fix beginning issues before a major breakdown 

occurs on a strategic Power tool? 

Table 5-0-23 Value of AI and predictive maintenance 
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 N Minimum Maximum Mean Std. Deviation 

AI and PREDICTIVE 

MAINTENANCE 
30 1 10 7,66 2,309 

      

 

According to table 5-0-23, the majority of the participants said that AI and predictive 

maintenance   (M=7.66) of PowerTools will bring a lot of value to their business.  To what extent 

has the possibility of applying AI and Predictive maintenance on PowerTools and positive impact 

to your business according to? 

 

Table 5-0-24 Value of AI and predictive maintenance related to quality attributes 

 A basic 

requirement 

Absence, a major 

problem 

Absence, a minor 

inconvenience No effect 

Very helpful to 

me 

 Ν % Ν % Ν % Ν % Ν % 

[Compatibility] 12 40,0% 2 6,6% 4 13,3% 5 16,7% 7 23,3% 

[Reliability] 13 43,3% 0 ,0% 1 3,3% 4 13,3% 12 40,0% 

[Usability] 14 46,7% 0 ,0% 0 ,0% 5 16,7% 11 36,7% 

[Sustainability] 10 33,3% 0 ,0% 3 10,0% 7 23,3% 10 33,3% 

[Economy] 9 30,0% 1 3,3% 4 13,3% 6 20,0% 10 33,3% 

 

According to table 5-0-24, 83.4% of the participants said that there is a basic requirement 

or it is very helpful AI and predictive maintenance from a device in relation to usability, 66.6% 

said sustainability, 63.3% said compatibility, 63.3% said economy and 83.3% said reliability.  
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5.3.6 IoT by HoloLens 

What value will the possibility of showing user instruction or hidden infrastructure when 

using PowerTools give to your business? (A solution based on projecting 3D drawings, 

synchronized with the GPS position from the Power tool in a mixed augmented reality eyewear, 

s.a. HoloLens, being able to show hidden constructional items inside a wall or a floor, s.a. wiring 

and pipes) 

Table 5-0-25 Value of IoT by HoloLens 

 N Minimum Maximum Mean Std. Deviation 

By using mixed reality eyewear, 

also being able to see USER or 

SECURITY INSTRUCTIONS, 

WORKORDERS or relevant 

HIDDEN INFRASTRUCTURE 

when working with a Power tool 

30 1 10 5,6 2,943 

      

 

According to table 5-0-25, the majority of the participants said that IoT by Hololens 

(M=5.6) of PowerTools will bring an average value to their business. To what extent has the 

possibility of seeing user instructions or hidden infrastructure when using PowerTools a positive 

impact to your business according to? 

Table 5-0-26 Value of HoloLens related to quality attributes 
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 A basic 

requirement 

Absence, a major 

problem 

Absence, a minor 

inconvenience No effect 

Very helpful to 

me 

 Ν % Ν % Ν % Ν % Ν % 

[Compatibility] 8 26,7% 1 3,3% 2 6,7% 14 46,7% 5 16,7% 

[Reliability] 10 33,3% 2 6,7% 5 16,7% 7 23,3% 6 20,0% 

[Usability] 8 26,7% 1 3,3% 3 10,0% 8 26,7% 10 33,3% 

[Sustainability] 11 36,7% 1 3,3% 3 10,0% 8 26,7% 7 23,3% 

[Economy] 7 23,3% 0 ,0% 3 10,0% 14 46,7% 6 20,0% 

 

According to table 5-0-26. 60.0% of the participants said that there is a basic requirement 

or it is very helpful IoT by Hololens from a device in relation to usability, 60.0% said sustainability, 

43.4% said compatibility, 43.3% said economy and 53.3% said reliability.  

 

5.4 Conclusion I 

This section is concluding, in the project using quantitative analysis and specific the 

descriptive statistics also the analysis conducted above resulted that almost of the firms have an 

interest on using IoT for PowerTools, 1/4 is already using it and 1/6 is planning in the near future. 

In relation to the compatibility of the IoT, the ability of an easy interaction with dependent and 

standardized surroundings the majority of the participants said that there is a basic requirement or 

it is very helpful that IoT is based on international standards and common platforms, 1/3 said on a 

tailor made solution only for their company. Almost, all of the participants said that if all these 

compatibility-related functions were fulfilled then this would reduce the uncertainty to implement 

IoT in their business on a satisfactory at least level. Since, almost all participants believed the 

aforementioned we can draw a conservative conclusion that at least a large number of the 

population has the same belief. 
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 According to reliability on IoT, the ability to accomplish promised service dependably and 

accurately the majority of the participants, said that there is a basic requirement or it is very helpful 

that IoT is performing with a high level of uptime, IT security, data integrity, giving to the users 

exclusive right to their own data and with a 3rd party guarantee of data transport.  

Almost, all of the participants said that if all these reliability-related functions were fulfilled 

then this would reduce the uncertainty to implement IoT in their business on a satisfactory at least 

level. Furthermore, the usability of IoT, the ability to deliver a user-friendly experience the 

overwhelming majority of the participants said that there is a basic requirement or it is very helpful 

that IoT –solution is intuitive and easy to learn. In addition, the majority referred to the terms of 

user friendly, fast, and easy to access.  Moreover, all participants said that if all these usability-

related functions were fulfilled then this would reduce the uncertainty to implement IoT in their 

business on a satisfactory at least level.  

Regarding the sustainability of the IoT, the ability to scale, adopt, migrate and upgrade to 

future technologies and new standards the majority of the participants thinks that this is a basic 

requirement. It is also said that it is very helpful that IoT–solution is wide spread, future proofed 

and persistent, monitoring abuse to exceed warranty to customer, scalable according to the amount 

of connected units, users and countries and scalable according to the amount of data samples.   

Additionally, almost all participants said that if all these sustainability -related functions 

were fulfilled then this would reduce the uncertainty to implement IoT in their business on a 

satisfactory at least level. In relation to the economy of the IoT, built in financial models easy to 

understand and to use the majority of the participants said that there is a basic requirement or it is 

very helpful that IoT –solution is transparent and easy to calculate TCO or ROI on. Almost half of 

the participants referred to the offering of various payment models (Pays as you go, upfront or 

subscription).  Moreover, almost all participants said that if all these financial-related functions 

were fulfilled then this would reduce the uncertainty to implement IoT in their business on a 

satisfactory at least level.  

As far as the importance of the above five factor in relation to job –related focus areas the 

participants said that the most important was  the reliability, in the second place was usability, in 

the third place was compatibility with sustainability and in the fourth place was economy.  
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Regarding the capabilities, functional IoT services the majority of the participants said that 

performance analysis, remote control access, track online by GPS position, continuous monitoring 

of batteries and AI and predictive maintenance   of PowerTools will bring a lot of value to their 

business. In addition, the majority of the participants said that all the above capabilities are a basic 

requirement or they are it is very helpful in relation to usability, sustainability, compatibility, and 

economy and said reliability. In addition, the majority of the participants said that IoT by Hololens 

of PowerTools would bring an average value to their business. Finally, the majority of the 

participants said that IoT by Hololens is a basic requirement or it is very helpful in relation to 

usability, sustainability, compatibility, economy and said reliability.  

 

5.5 Descriptive statistics Kano and Dimokas model 

This section is concluding the descriptive statistics 

The analysis conducted above resulted that almost of the firms have an interest on using 

IoT for PowerTools, 1/4 is already using it and 1/6 is planning in the near future. In relation to the 

compatibility of the IoT, the ability of an easy interaction with dependent and standardized 

surroundings the majority of the participants said that there is a basic requirement or it is very 

helpful that IoT is based 

In this section, the relationship and the differentiation between Kano’s model for product 

development and Dimokas model of uncertainty based on Descriptive statistics is presented.  

 

5.5.1 Continuous Analysis of Quality Attributes and Functional Features  

Table 5-0-27 Table of Quality Attributes and Functional Features 
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The purpose of table 5-0-27 is to calculate and transform all different quality attributes into 

weighted x/y coordinates based on the conversion principal that where explained earlier. The Rank 

of uncertainty and importance are also used by different graphs. 

 

Table 5-0-28 Ranking of Functional Features 

Rank Ranking of functional feature 
Value score  

(Scale 1-10) 

#1 GPS pos 7,70 

#2 AI 7,67 

#3 Performance 7,60 

#4 Monitor battery 7,10 

#5 Remote Access 6,30 

#6 HoloLens 5,60 

Quality group Quality parameter X-score Y-score
Reduction 
uncertainty

Rank of 
importance

Summary reduction 
and importance

COMPATIBILITY COTS 1,60 1,20 3,47 2,73 6,20

COMPATIBILITY Iso standard 2,53 0,93 3,47 2,73 6,20

COMPATIBILITY Taylor made 0,80 0,80 3,47 2,73 6,20

RELIABILITY Uptime 3,07 0,53 3,53 4,70 8,23

RELIABILITY Security 2,53 1,20 3,53 4,70 8,23

RELIABILITY Integrity 2,27 1,47 3,53 4,70 8,23

RELIABILITY 3rd party 1,87 1,07 3,53 4,70 8,23

RELIABILITY Ownership 2,67 0,80 3,53 4,70 8,23

USABILITY User friend 2,40 1,47 3,77 3,43 7,20

USABILITY Easy2learn 2,93 1,07 3,77 3,43 7,20

USABILITY Access 2,40 1,60 3,77 3,43 7,20

SUSTAINABILITY Future prof 2,93 0,80 3,43 2,60 6,03

SUSTAINABILITY Scaled dev 2,27 0,67 3,43 2,60 6,03

SUSTAINABILITY Scaled data 1,87 0,80 3,43 2,60 6,03

SUSTAINABILITY Monitoring 1,73 1,33 3,43 2,60 6,03

ECONOMY TCO model 1,33 1,60 3,20 1,53 4,73

ECONOMY Payment 1,07 0,93 3,20 1,53 4,73

Average: 3,50 3,26 6,76

Quality parameter score
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 Average: 6,99 

 

Table 5-0-28 explains that GPS pos have the highest ranking. Second is Artificial 

Intelligence and third is Performance measuring. These three functions is very close to each other. 

Number four is monitoring of batteries, fifth is remote access. Monitoring HoloLens received the 

last position way ahead of all others. 

 

Table 5-0-29 Weighted coordinates for a X/Y-plot 

How would it feel if these features were present? 

Kano expression Label X Y 

Very helpful to me Attractive 0 4 

A basic requirement Must 4 0 

No effect Indifferent 0 0 

Absence, a minor inconvenience Indifferent 0 0 

Absence, a major problem Must 4 0 

Table 5-4-3 have been explained in an earlier chapter. The reason for weighting the quality 

answers is be able to plot these values in to a Kano graph. 

 

Table 5-0-30 Rank of importance, reduction of uncertainty on Quality groups 

Quality group 

Rank of 

importance 

Scale 1-5  

Reduction of 

uncertainty Scale 

0-5 

Comment 

Reliability 4,70 3,53 No.1 in Importance 

Usability 3,43 3,77 No.1 in Reduction 
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From the table 5-0-30, Reliability received an importance score of 4,70 out of 5 and this is 

a superior rank compared to all other quality groups.  The parameter that received the highest score 

was also from the reliability group. The second most important group, usability was scoring 3,43.  

Reliability related to reduction of uncertainty only receives a second place after the 

Usability group. Usability includes User friendly, Easy to learn but also Easy to access, a 

requirement that often stands in direct contrast to the reliability parameter of security. 

Reliability ranking was #2 according to the reduction of uncertainty and is superior in the 

group of importance. 73% of all respondents addressing high level of uptime as a basic 

requirement. 56% requires high level of IT-security as a basic requirement and exclusive right to 

own data. 46% thinks that a high level of data integrity is a basic requirement. 

  

Compatibility 2,73 3,47  

Sustainability 2,67 3,43  

Economy 1,6 3,20  

Average: 3,00 3,50  
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5.5.2 Two-dimensional Kano analysis -Quality attributes and Functional features 

Graph 5-0-1 Two-dimensional Kano analysis-Quality attributes and Functional features 

 

 

Graph 5-0-31, is based on the result from table 5-0-28 and the ranking system from Table 

5-0-29. All different functional features and quality attributes are shown in this graph and from 

this point of view Taylor made and payment models plays an indifferent role. 
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5.5.3 Two-dimensional Kano analysis -Quality attributes and Functional features 

Graph 5-0-2 Graphical analysis on reduction of uncertainty Quality attributes impact on 

Functional features 

 Graph 5-0-2 explains the situation between reliability and usability explained earlier 

when they are switching places when first analysing the rank of importance and then the 

reduction of uncertainty. The core in Kano and Dimokas studies and the primary findings of this 

study. This is where it has shown how much quality have impact on functional features. 
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5.5.4 Discrete analysis of Quality attributes and Functional features 

Table 5-0-31 Discrete analysis of Quality attributes and Functional features 

 

Table 5-0-33 is showing customer importance and reduction of uncertainty in one table. This is 

the complete summary of all respondents’ different answers. 

  

Features Group Name Importance No effect Helpful Basic Req. Absence - Absence -- Better Worse

Iso standard 2,73 3 7 16 1 3 0,23 0,63

COTS 2,73 7 9 11 2 1 0,30 0,40

Taylor made 2,73 17 6 3 1 3 0,20 0,20

Uptime 4,70 2 4 22 1 1 0,13 0,77

Security 4,70 2 9 17 0 2 0,30 0,63

Integrity 4,70 2 11 14 0 3 0,37 0,57

3rd party 4,70 6 8 13 2 1 0,27 0,47

Ownership 4,70 3 6 17 1 3 0,20 0,67

User friend 3,43 2 10 14 1 3 0,33 0,57

Easy2learn 3,43 0 9 20 0 1 0,30 0,70

Access 3,43 0 12 15 0 3 0,40 0,60

Future prof 2,60 2 6 20 0 2 0,20 0,73

Scaled dev 2,60 7 5 16 1 1 0,17 0,57

Scaled data 2,60 4 6 13 6 1 0,20 0,47

Monitoring 2,60 3 10 12 4 1 0,33 0,43

TCO model 1,53 6 12 9 2 1 0,40 0,33

Payment type 1,53 12 7 6 3 2 0,23 0,27

Performance 7,60 3,6 7,6 14,8 2,6 1,4 0,25 0,54

Remote Access 7,70 10 5,4 12,2 2 0,4 0,18 0,42

GPS pos 6,30 5,4 6 16,4 1,8 0,4 0,20 0,56

Monitor battery 7,10 8,8 6,4 12,6 2 0,2 0,21 0,43

HoloLens 5,60 10,2 6,8 8,8 3,2 1 0,23 0,33

AI 7,67 5,4 10 11,6 2,4 0,6 0,33 0,41
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5.5.5 Trend analysis of Quality attributes and functional features 

 Graph 5-0-3 Graph on analysis of Quality attributes and Functional features 

 

Graph 5-0-34 is showing customer importance and reduction of uncertainty in one summarized 

graph. 
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5.6 Conclusion 

This section is concluding the relationship and the differentiation between Kanos model 

for product development and Dimokas model of uncertainty based on Descriptive statistics 

 

The analysis conducted above resulted that almost half of the firms (56.7%) have an interest 

on using IoT for PowerTools,1/4 is already using it and 1/6 is planning in the near future. In relation 

to the compatibility of the IoT, the ability to easily interact with dependent and standardized 

surroundings the majority of the participants said that there is a basic requirement or it is very 

helpful that IoT is based on international standards and common platforms, 1/3 said on a tailor 

made solution only for their company. Almost, all of the participants said that if all these 

compability-realted functions were fulfilled then this would reduce the uncertainty to implement 

IoT in their business on a satisfactory at least level.  

As far as the reliability of the IoT the ability to accomplish promised service dependably 

and accurately the majority of the participants said that there is a basic requirement or it is very 

helpful that IoT is performing with a high level of uptime, IT security, data integrity, giving to the 

users exclusive right to their own data and with a 3rd party guarantee of data transport. In addition, 

almost, all of the participants said that if all these reliability-related functions were fulfilled then 

this would reduce the uncertainty to implement IoT in their business on a satisfactory at least level. 

Furthermore, the usability of IoT, the ability to deliver a user friendly experience the 

overwhelming majority of the participants said that that there is a basic requirement or it is very 

helpful that IoT –solution is intuitive and easy to learn. In addition, the majority referred to the 

terms of user friendly, fast, and easy to access.   

Moreover, all participants said that if all these usability-related functions were fulfilled, 

this would also reduce the uncertainty to implement IoT in their business on a satisfactory at least 

level. Regarding sustainability of IoT, the ability to scale, adopt, migrate and upgrade to future 

technologies but also new standards, the majority of the participants has being said as basic 

requirements or being very helpful. It is also helpful if the IoT-solution is widespread, future 

proofed and persistent with capabilities of monitoring abuse to exceed warranty to customer, 

scalable according to the amount of connected units, users and countries and scalable according to 
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the amount of data samples.   

Additionally, almost all participants said that if all these sustainability-related functions 

where fulfilled, then this would reduce the uncertainty to implement IoT in their business on a 

satisfactory at least level. In relation to the economy of the IoT, built in financial models easy to 

understand and to use the majority of the participants said that there is a basic requirement or it is 

very helpful that IoT –solution is transparent and easy to calculate TCO or RIO on. Almost half of 

the participants referred to the offering of various payment models (Pays as you go, upfront or 

subscription).  Moreover, almost all participants said that if all these financial-related functions 

where fulfilled, then this would reduce the uncertainty to implement IoT in their business on a 

satisfactory at least level.  

As far as the importance of the above five factor in relation to job –related focus areas the 

participants said that the most important was  the reliability, in the second place was usability, in 

the third place was compatibility with sustainability and in the fourth place was economy.  

Regarding the capabilities, functional IoT services the majority of the participants said that 

performance analysis, remote control access, track online by GPS position, continuous monitoring 

of batteries and AI and predictive maintenance   of PowerTools will bring a lot of value to their 

business. In addition, the majority of the participants said that all the above capabilities are a basic 

requirement or they are it is very helpful in relation to usability, sustainability, compatibility, 

economy and reliability. In addition, the majority of the participants said that IoT by Hololens of 

PowerTools would bring an average value to their business. Finally, the majority of the participants 

said that IoT by Hololens is a basic requirement or it is very helpful in relation to usability, 

sustainability, compatibility, economy and said reliability.  

 

As stated, a competitive offer is a trade of between functionality, quality and price. By 

taking similar but more concrete examples, it might be easier to understand what challenges and 

is at stake when introducing IoT on PowerTools. What could we learn from the result of survey, 

are they aligned with findings from the literature or is there a secret ingredient we have overlooked 

until now? 

What are the most important qualitative attributes? Is it the reliability attributes such as 



 

101 

 

uptime, security or integrity? On the other hand, is it usability attributes such as user friendly, easy 

to learn and access that is most important. The answer from the survey says it is all of them.  

As discussed earlier, uncertainty is the major barrier that needs to be forced by the provider 

who wants to succeed in the area of IoT on PowerTools. The company needs to develop as high 

level of qualitative features as the budget allows, but this work will never be enough within a long 

time to come and because of that, the company needs to develop also functional features that are 

so important to retrieve that certain deviations from the most important qualitative attributes could 

be step aside. 

What is the combination of quality, functionality and price that breaks the barrier of 

uncertainty for a customer dare stepping in to the landscape of IoT? 

Because of the complexity of this study combined with two different already complex 

product development models - Kano’s model of product development and Dimokas model of 

product uncertainty, the questionnaire was at risk being too complex difficult for the respondent 

to fill. This was the reason not to bother respondents by enter additional subjective comments in 

the questionnaire. Instead, during the work of this thesis we have been contacting more than half 

of the respondents to follow up their answers in purpose of receiving feedback on our work but 

mostly to understand additional needs and challenges using PowerTools together with IoT. 

 

During the analysis of the responses one quality parameter were standing out more clear 

than others but also in an negative way – a Taylor made solution. 17 respondents out of 30 where 

answering that a Taylor Made solution will have no effect when implementing IoT and only 3 out 

of 30 thinks it should be a basic requirement, the lowest basic requirement score of all quality 

attributes. A Taylor made solutions is often in direct contradiction to a COTS (Commercial Of The 

Shelf) solution, an already developed solution you can be bought from one of 350 IT product 

companies. 21 of 30 respondents thinks that a COTS solution is a basic requirement or at least 

very helpful. 15 of these respondents was answering that a Taylor made solution either have no 

effect or will be just a minor inconvenience if the solution not were Taylor made.  

Almost all quality attributes have the same ranking position no matter if its reduction of 

uncertainty or rank of importance. One interesting and important observation is that the reliability 
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group are switching position with the usability group when comparing reduction of uncertainty 

with rank of importance. According to Table 5-0-33 and Graph 5-0-2 the Reliability group where 

switching position with the Usability group when comparing reduction of uncertainty with rank of 

importance.  Our analysis of this phenomenon is that even if Reliability seems to be the most 

important quality feature, respondents still thinks that a feature needs to be Usable or else the 

uncertainty will remain on a high level.  

This is a perfect example when Dimokas theory of uncertainty have a clear impact on 

Kano’s theory of product development and the voice of the customer. Measuring satisfaction of 

functional features and quality parameters through the voice of customers is not enough. From this 

point of view, a company that will succeed should always measure the need of functional features 

with an uncertainty framework, because uncertainty in the area of IoT seems to be a real barrier. 

An another obvious conclusion also confirmed by follow up call or meetings with more 

than 20 of the respondents, IoT without a reliable uptime, security or integrity makes no sense and 

will not be used. 

One other important finding is the functional feature remote access control and its 

distinguished standard deviation of 2.867. This describes how contradictive the view of this 

function really is from all different respondents. 32.7% of the respondents is reporting no effect on 

monitoring abuse to exceed warranty to customer. The group of respondents that says no to 

preventing theft but also the possibility of being able to measure usage and compare it with what 

has been agreed, construction workers and others belongs to this group. The category of purchase 

and rental manager has an opposite view on this features because they would like to disable a 

PowerTool remotely if a rental period has expired, an invoice has not being paid or a continual 

miss usage of a specific PowerTool.  

This confirms the earlier analysis of the fear many different users are experiencing being 

afraid of supervisory and controlled by IoT. This group is also suspicious on the technology it 

selves, will the updated, more high tech driven PowerTool actually meet user expectations of 

uptime or will it be an obstacle that prevents accessibility and uptime. Remote access is a 

contradictive feature where rental firms, project managers and sales wants it and end users not. 

The groups purchase / rental project manager states the value of the remote access control function 
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to high 9.5 out of 10, while the construction workers and aftermarket related services are scoring 

the value of remote access to low 5.6 out of 10 - this is actually the least wanted function of all 

when analysing specific groups of respondents. 

 

On the other hand, the same group considers that the GPS function, with possibilities of 

knowing the precise position of all equipment is in total the most wanted feature-scoring 7.70 at 

the same time as it receives the lowest standard deviation of all.1,896. This feature is easy to 

understand that all groups are benefiting from this feature, knowing where their equipment’s are. 

The only issue is the higher risk of theft if unauthorized personnel will get access to positioning 

data. The IoT platform must be completely secure from an IT security perspective, as the threads 

can be even more scattered about thieves only by hacking the application can locate all PowerTools 

and simply go to the place where many or expensive tools are located and steal them. 

 

During our work on this study, two major Power Tool brands have launched significant 

IoT support on their PowerTools – Bosch and Milwaukee. Of course, other suppliers have been 

forced to follow their example. DeWalt is one major brand that have promised IoT support and 

currently are developing this functionality. 

A major issue addressed by a few respondents is the different echo systems and different 

apps they are being forced to learn and adapt to. During an additional interview with one major 

rental firms, their major challenge was to handle three different echo system of managing tools 

already. Hilits On!Track solution was one of them, a system they never reached its fully potential 

with. Their major challenge where all different associated PC applications, Mobile apps, Cloud 

solutions, RFID and bar code readers. They anticipates a future nightmare when all different 

suppliers using their own technology and standards. In comparison with the Germany car 

manufacturers, almost every brand have been committed and are aligned with the same standard 

to identify components in the supply chain. AutoID based on RFID.  

In a similar way as the German car manufacturers agreed upon, the rental firms and major 

construction company are requiring a standardization of IoT. In the result of the questionnaire the 

five respondents from the Rental/Purchase responsible group, two of them requires an ISO-
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standard and three of them thinks an ISO standard would be very helpful. The answers from the 

other 25 respondents differs a bit more but still ISO-standard is one of the strongest must-be of all 

quality attributes being on fourth place of seventeen when comparing most requested quality 

attributes are based on the Kano model. 

One other important hot topic this study have tried to look for an answers on is something 

Dimokas research have been study ingoing. The possibility of using an independent unbiased third 

party actor that guarantee the exchange of data. 

In a similar way, IoT could adopt this principal through an international and neutral actor, 

or several different but still neutral actors. This actor guarantees exchange of data through 

certificates. It is like a block chain or similar to what the forest industry are using SDC (Skogens 

Data Central) to. These questions are difficult to assimilate to and becomes too complex for this 

kind of study. 

With as high a share as 43% who consider it a fundamental requirement to have a third 

party guarantees of data transport. This requirement in itself is very difficult to understand for 

mean men.  There is a high proportion of uncertainty with new solutions to ley-less cars or similar. 

Where only a portable communication device placed between the key and the car is required, the 

data flow will be easy to analyse and be used to steal the car afterwards.  

 

Finally, a few words about the respondents view of the possibilities of HoloLens in the area 

of IoT. First respondents were ranking HoloLens as least important of all features. With a standard 

deviation of 2,943 the answers where different. HoloLens is a new tool that almost no one have 

heard about and therefore it’s difficult to receive a consistent answer, but it is precisely what this 

is all about. For many groups and organizations, IoT is still a black box but for those who dare 

looking into the future even if it is not clear, these ones will bring success. 

During our work off analysing uncertainty, the subject where growing and becomes more 

complex than we were thinking. 

In summery our findings is stated above and still more findings will be conclude in the 

area of IoT in further research. This Master Thesis have tried to conclude this so far whishing all 

the best to future researchers. 
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Tables 

Table 6-0-32 Market analysis 

 

Brand  Product Country Functionality Technology and 

communication 

Hilti hilti.com  On!Track Liechtenstein  Asset Management 

(all assets) 

 Track tool’s location 

 Who is using the 

tool  

 A back end system 

that supports 

Inventory, 

maintenance 

schedules, rental 

information, 

employee 

training/certification

s, cost allocation and 

similar 

Hardware:  

 Barcode and 

RFID tag  

Software:  

 Smartphone app 

 Dashboards and 

similar through a 

cloud-based 

backend system 

Milwaukee milwaukeetool.com 

 

 

One-Key USA  Lock tools and 

disable a tool 

remotely 

 Asset management 

 Track tool’s location 

from anywhere 

 Customize tool by 

dialing in 

performance 

 View tool usage and 

performance data 

Hardware:  

 A battery 

powered chip 

with Bluetooth 

capabilities, 

mounted on the 

power tool 

 

Software:  

 A smartphone 

application that 

https://www.hilti.com/
https://www.milwaukeetool.com/
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communicates 

with the chip 

through 

Bluetooth 

 Dashboards and 

similar through a 

cloud-based 

backend system 

Bosch 

 

bosch-

professional.com/se/s

v/ 

 

ToolBox Germany  Asset management 

 Track tool’s location 

from anywhere 

 Transfer tool usage 

and performance 

data 

 Control tool 

 Ability of future 

updates of a tool 

 Control, customize 

the tool 

 Smart 

documentation 

Hardware:  

 A battery 

powered chip 

with Bluetooth 

capabilities, 

mounted in a 

specific slot on 

the tool 

 

Software:  

 A mobile 

application that 

communicates 

with the chip 

through 

Bluetooth 

 Dashboards and 

similar through a 

cloud-based 

backend system 

portal 

DeWalt 

Not released 

yet 

dewalt.com Tool 

Connect 

 

USA Inventory 

Management 

 Track tools, 

equipment, and 

Hardware:  

 A battery 

powered chip 

with Bluetooth 

https://www.bosch-professional.com/se/sv/
https://www.bosch-professional.com/se/sv/
https://www.bosch-professional.com/se/sv/
http://www.dewalt.com/


 

107 

 

materials across 

multiple jobsites 

from one central 

location. 

Find & Locate 

 Instantly see who 

was last assigned to 

a connected asset 

and where it was 

Customize tool 

settings 

Real-time diagnostics 

 Monitor real-time 

diagnostics 

 Battery status 

Disable tools or 

batteries to deter 

theft. 

 A virtual fence and 

get alerts when 

tracked tools, 

equipment, or 

materials are 

removed or out of 

range 

 

capabilities, 

mounted in a 

specific slot on 

the tool 

 

Software:  

 A mobile 

application that 

communicates 

with the chip 

through 

Bluetooth 

Dashboards and 

similar through a 

cloud-based 

backend system 

portal 

Makita makita.se  N/A Japan N/A N/A 

Hitachi hitachipowertools.c

om 

 

N/A Japan N/A N/A 

http://www.makita.se/
https://hitachipowertools.com/
https://hitachipowertools.com/


 

108 

 

Panasonic panasonictools.se 

 

N/A Japan N/A N/A 

Ryobi ryobitools.com 

 

Phone 

works 

Japan N/A for PowerTools  

AEG aeg-powertools.eu  N/A Germany N/A N/A 

Einhell einhell.com 

 

N/A Germany N/A N/A 

Metabo metabo.com 

 

N/A Germany N/A N/A 

Black&Decker blackanddecker.co

m  

N/A USA N/A N/A 

Festool festool.com 

 

N/A Germany N/A N/A 

Mannesmann br-mannesmann.de  N/A Germany N/A N/A 

Atlas Copco atlascopco.com 

 

N/A Sweden N/A N/A 

http://panasonictools.se/
https://www.ryobitools.com/
https://www.aeg-powertools.eu/
http://www.einhell.com/
http://www.metabo.com/
http://www.blackanddecker.com/
http://www.blackanddecker.com/
https://www.festool.com/
http://www.br-mannesmann.de/
https://www.atlascopco.com/
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