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Abstract 
 
IoT is a technology where different devices are equipped with internet connection which 
makes it possible to control them and exchange data over internet. IoT can be thought of as 
an umbrella term covering a broad and ever-growing range of services and technologies. 
One of the segments within IoT is the smart home ecosystem. The tremendous development 
the last decade within smartphones, wearable devices and broadband has created new ways 
to connect individual devices in the home (Qasim and Abu-Shanab, 2016; Jeong et al, 2016; 
Wilson et al, 2017; Hubert et al, 2017). This creates a synergy effect; by connecting multiple 
devices to a system new value is created. Energy, home controls, security, communication 
and entertainment services are all included in the smart home (Miller, 2015; Wilson et al, 
2017). Even though the concept of smart homes has a large potential it seems like it has not 
reached its full potential and the diffusion of the innovation among the consumers is still at an 
early stage (Balta-Ozkan et.al, 2013; Yang et.al 2017).  
 
So far, many studies have been performed on the technical aspects of IoT and smart home 
ecosystems but less attention has been paid on the consumer point of view and what 
determinants that play a role in the intention to adopt the technology (Yang, Lee, and Zo. 
2017). In addition, previous studies have mainly focused of one single device and has not 
considered the entire ecosystem (Yang, Lee, and Zo. 2017). Therefore, the purpose with this 
thesis is to study what are the key determinants for the intention to adopt smart homes from 
an ecosystem point of view. To fulfill the purpose known theoretical models regarding 
intention to adopt technology have been used to develop a research model. The basis to 
establish the research model has been the theory of innovation adoption, TRA, TPB, TAM, 
VAM and UTAUT. Based on the literature four determinants were selected to be included in 
the model; these were cost, perceived ease of use, perceived usefulness and 
individualization. The first three are all included in the mentioned theoretical models and 
have previously been proven to be important for intention to adopt. The last one, 
individualization is derived from the field of product differentiation. In the literature it is 
mentioned that the possibility to refine, adjust and modify may be crucial for the user 
(Dodgson et.al. 2008). With this background it was interested to include individualization as a 
determinant in the research model and study how it impacts intention to adopt. In addition to 
the determinants one moderator was included; the composition of the household. 
 
In order to collect the empirical data a survey was conducted using the snowball sampling 
approach via Facebook and LinkedIn. The survey consisted of two sections where the first 
section aimed to collect background information about the respondent and the second 
section consisted of questions regarding the determinants. In the second section the 
respondents were asked to respond according to a 5-point Likert scale. The used questions 
in the survey was predefined in the literature. 
 
Study results show that consumers’ use intention is shaped by individualization, perceived 
usefulness and perceived ease of use. Cost was found not to be statistically significant. 
Neither was the composition of the household.  
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1  Introduction 
A segment within IoT (Internet of Things) is the smart home. As a concept the smart home 
and other smart technologies have been around for many years. But the last decade the 
interest and attention have increased (Balta-Ozkan, 2013). Driving forces for the increased 
interest have been identified in the literature as convenience and comfort; but more specific 
forces are mandatory and/or encouraging energy efficiency, increased security concerns and 
aging population (Balta-Ozkan, 2013). The recent development has been facilitated by the 
development of wireless devices, high-speed internet and increased use of smartphones and 
apps. In the “traditional home” devices are operated by pushing a button or flipping a switch. 
This way of operating the devices makes it difficult with remote control. With the smart home 
it is possible to remotely control and manage the devices (Balta-Ozkan et.al, 2013). 
 
However, regardless of all benefits of a new technology the literature reports that the benefits 
may be untapped if the interaction between the consumer and technology is neglected 
(Geels and Smit, 2000).  For smart homes the development is dependent on the interaction 
between policy, regulatory, commercial, market framework and investment conditions (Balta-
Ozkan et.al, 2013). So far, the smart home ecosystem has not reached its full potential 
among consumers and few attempts have been made to explore how the challenges with the 
technology interact with the consumer’s behavior and values (Balta-Ozkan et.al, 2013).  The 
checklist “the right product at the right price at the right place at the right time” may be used 
to study if the smart home ecosystem has the potential to reach full commercial acceptance 
or if it eventually will fade away (Lenzi, 2017). Looking at the hardware there is a wide range 
of smart home products where focus have been on both design, engineering and quality. The 
price is a subjective discussion. But it can be said that the prices for smart home products 
have decreased. The everyday consumer is today surrounded by smart home technology 
and it is easy for the consumers so see the benefits of the technology i.e connected security, 
sustainability and convenience (Lenzi, 2017). With this argumentation is seems like 
everything is in place for mass-market adoption.  
 
A few studies have so far been performed on smart home services with focus on consumer 
adoption. One study shows that the key factors contributing to the willingness to adopt smart 
home services are trust in the service provider, privacy risk and security and remote control 
(Heetae, Hwansoo, Hangjung, 2017). Another study shows that perceived benefit and 
perceived sacrifice have a positive effect on perceived value (Kim et. al 2017). While 
innovation resistance and privacy risk inhibit perceived value (Kim et. al 2017).  
 
Often when it comes to technological innovations, the relationship between producer and 
customer is often less straightforward than presented in innovation literature (Holak, Lehman, 
1987). Instead the uncertainties regarding what will be available in the future and what will 
become the new standard brings an uncertainty for the consumer for a long time impacting 
the adoption decision (van Heerde et al., 2004). But even if the standard is defined, there 
may be other variables that impact the consumer adoption. There are many examples in the 
history showing the challenges with technology adoption in connection with lack of standards 
and uncertainties regarding availability in the future. One example of leaving an old 
technology for a new one is the transition from vinyl LPs to CD (Lynskey, 2015). From a 
technical perspective the CD was superior the vinyl but both the industry and public needed 
persuading (Lynskey, 2015). It has been argued that it was the alliance between Sony and 
Philips to create a standard that was the key to gain consumer acceptance (Robert, 1995). 
Improved user experience together with the selectable tracks, portable devices and 
availability made the CD take the lead role as music medium during 1992 (Edwards, 2012).  
 



2	
	

An example of two technologies launched during the same period competing for the same 
consumers is Blu Ray and HD-DVD. The competition between the two is an example of a 
“standard war”. When the consumer chooses one of the products he or she is locked into 
that type of technology since they are not compatible with each other (Gallagher, 2011). 
When two companies compete with different standards to attract the same consumers it is in 
many cases of advantage to be the first business that introduce new products or services 
and by this gain either technology leadership, preemption of assets or buyer switching costs 
(Lieberman, Montgomery, 1988). 
 
There are also examples showing the even if the product and standard are available, the 
complete system to give a good consumer experience is not available and thereby the lack of 
availability impact the technology adoption. When observing the adoption of HDTV (High 
Definition Television), which offers the consumers better or improved picture and screen 
quality, early adopters suffer from the lack of program broadcasting in HD-compatible format 
(Gupta et al., 1999; Lee, O’Connor, 2003). The result was that consumers could not make 
full use of the product which slowed down the technology adoption (Gupta et al., 1999; Lee 
and O’Connor, 2003). 
 
What is unique with IoT and the smart home technology compared to the technologies 
discussed above is that it consists of an entire ecosystem of products and services (Lenzi, 
2017). The question is if this shall be seen as a barrier or an opportunity for consumer 
adoption and if/how the mechanisms behind the adoption process differs from adoption of 
conventional technology. The new market norm today is that consumers are offered products 
and services which contain more than one function (Motohashi, Sawng, Kim. 2012). The 
choice for the consumer is dependent on which product and/or service that most successfully 
can combine its features and fulfill the consumer’s various needs in the most complete way 
(Motohashi, Sawng, Kim. 2012). It is first when all components in the ecosystem are 
integrated and function together economically, effortless and without hassle the smart home 
ecosystem will be ready for mass market adoption (Lenzi, 2017). What is needed for this 
adoption to happen is “a multi-networked, multi-device ecosystem built on comprehensive 
human-machine interface (HMI) strategy and related design system. By beginning with an 
understanding of the end user’s behaviors and attitudes towards home technology and 
network integration, innovative design solutions based on this behavioral view of the smart 
home will emerge.” (Lenzi, 2017). Another important aspect to consider is that a household 
often consist of more than one consumer. This makes the decision process more complex 
since there are various members in the household with different needs to consider. The 
composition of the household often necessitates different kind of purchasing and spending 
patterns (Brown, Venkatesh. 2005). 
 

1.1 Problem discussion 
Today almost twenty years after the first introduction of IoT consumers still struggle to 
understand the benefits a smart home ecosystem (BCS, The Chartered Institute for IT 2017). 
Despite the positive outlook for the smart home ecosystem it has so far not been fully 
adopted by the consumers (Heetae, Hwansoo, Hangjung, 2017). The expectations of fast 
growth taking the smart home ecosystem from the hobbyists to the everyday consumer has 
so far not been fulfilled (Lenzi, 2017). One reasons for this may be that services enabling the 
smart home ecosystem have either been unavailable or awaiting commercialization. Another 
reason may be that researchers and product developers have so far mainly focused on 
technical aspects while user acceptance and behavior have been left behind (Heetae, 
Hwansoo, Hangjung, 2017). It can be assumed that the smart home technology is in the 
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early stage of diffusion and potential users have little experience with the technology and are 
tended to rely on others’ opinions and behaviors (Yang et.al 2017). 
 
As previously noted a smart home consists of several products and services linked together 
over internet which makes it different from conventional technology. This represents an 
inherent complexity for the smart home ecosystem which is important to acknowledge and 
understand in order to reach adoption among the consumers. On one hand this creates a 
tremendous amount of opportunities for the consumers (Balta-Ozkan et.al 2013). With 
“everything” connected and used in a proper way the technology has the potential to make 
the everyday life of the user i.e more convenient and more efficient when it comes to waste 
management and energy consumption (Balta-Ozkan et.al 2013). On the other hand, since 
“everything” is connected and can communicate with each other there is also a potential that 
the consumer feel lack of control (Chikhaoui and Pigot, 2010; Li et al., 2012) and the 
opportunities with the technology are instead turned into barriers. Another drawback with 
smart home technology is that the transition from a conventional home to a smart home 
requires a large amount of work, including upgrading the entire home system to be 
compatible with the chosen technology (Kim et. al 2017). This implies that the potential 
consumer is most likely in the older age group which have a solid financial situation and is 
willing to do investments in their home (Kim et. al 2017).  
 
In the literature different barriers are described to have an impact on technology adoption 
both functional barriers and social barriers are highlighted as important in the decision 
process (Porter and Donthu, 2006). Different studies performed on IoT and smart home 
technology and services highlight several barriers as important to overcome to reach 
consumer adoption. Costs, both initial cost and high maintenance cost have been identified 
as an important barrier (Balta-Ozkan et. al 2014). Another barrier that has been highlighted is 
privacy risk which may imply that potential consumers see the security issues as so large 
that the resistance towards the technology becomes too high (Balta-Ozkan et. al, 2013). It 
has also been said that concerns about privacy and cost are straight forward and can be 
handled through financial incentives. However, there are other barriers that are less 
straightforward how to deal with. I.e have concerns been raised about the exclusivity for 
smart home technology; that the technology is seen as luxury items which are only affordable 
to wealthier people in the society (Balta-Ozkan et. al, 2014). It has also been discussed that 
it may contribute to increasing social division in the society in a short to medium term 
perspective (Balta-Ozkan et. al, 2013). Another aspect discussed in the literature is that the 
benefits with the technology needs to be stronger linked to the daily lives of the consumers to 
illustrate the greater value for the consumer (Balta-Ozkan et. al 2014).  
 
As described above the literature reports of several important barriers to overcome to reach 
consumer adoption. However, with what is known today it is not obvious which barriers that 
are the actual inhibitors for the smart home technology to reach its full potential. Is it the cost 
or security issues and makes the consumer hold back? Is it that the technology is seen as a 
luxury item not suitable for the everyday consumer? Is it because the consumer cannot see 
the greater value of the technology? Is it too complicated? Or is it something else?  
 
Many studies within the segment of IoT for the everyday consumer including smart home 
technology have so far mainly focus on the technical architecture or one specific device or 
service (Yang, et. al. 2017). This leaves us also with the question how are the results 
affected if we consider the entire chain of products and services which a smart home 
consists of.     
 
When studying consumers' self-service technology usage intentions, the result show that 
there are differences in which key factors that are most important depending on which 
market context the consumer is living in (Chiu and Hofer, 2015). This implies that the results 
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from a study performed in one region may not be applicable in another region. For the 
continuance intention to use computers and smartphones the literature reports that there 
may be different driving forces depending on if the use is for personal or professional use 
and if it is first-time use versus repeated use and inexperienced users versus experienced 
users (Sällberg and Bengtsson. 2016). The literature also reports that adoption and 
continued use are controlled by different factors (Ajzen and Fishbein 2005; Limayem et al. 
2007). Considering the smart home technology, a consumer can be both first time user, 
continued user and expanded user all at the same time since the technology is developed in 
a way where devices and services are linked and build upon each other. It is therefore not 
obvious which the driving forces for use are since there are many processes taking place at 
the same time.   
 
Today there is a gap in the literature regarding empirical studies for user behavior for smart 
home ecosystems which has led to a slower diffusion of the technology than what would be 
expected (Heetae, Hwansoo, Hangjung, 2017). There is a need for further studies to fully 
understand the driving forces and mechanisms taking place in the adoption process for smart 
home ecosystems. The challenge today is to create focused number of products to be part of 
the smart home ecosystem that create real benefit and value (BCS, The Chartered Institute 
for IT 2017). For the consumers it is no value in itself that the products are connected to 
internet, it must create a real value to reach acceptance (BCS, The Chartered Institute for IT 
2017). 

1.2 Problem formulation and purpose 
As said previously there is a lack in the research regarding empirical studies for intention to 
adopt smart home ecosystems. With what is known today it is not obvious which are the 
most powerful driving forces behind the intention to adopt the smart home technology. Many 
studies within the segment of IoT for the everyday consumer including smart home 
technology have so far mainly focus on the technical architecture or one specific device or 
service (Yang, et. al. 2017). Thereby the possible impacts that comes with studying the smart 
home technology from an ecosystem point of view have been left out. In this thesis we have 
chosen to study the smart home technology from an ecosystem point of view. The 
ecosystem contains a wide range of products and services which simultaneously fulfill both 
hedonic and utilitarian aspects. The purpose with the thesis is to study which key 
determinants that are most important for consumers’ intention to adopt a smart home 
ecosystem. The purpose has been formulated in the following research questions:  
 
What are the key determinants for user intention to adopt smart home ecosystems? 

1.3 De-limitations 
This thesis focuses on the consumer point of view and excludes any business-to-business 
and technical aspects and issues. By the word “consumer” we have solely chosen to focus 
on individuals and thereby excluded the industry and other kinds of businesses as 
consumers. We have chosen to primary study the first time use and by that excluded 
continued use and extended use.  
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1.4 Thesis’ structure 
The work with the thesis has followed the following work process which is also reflected in 
the thesis structure: 
 

1. Literature review: An extensive literature review was performed in the beginning of 
the work process to map the results of previous performed research on the field. The 
result from this review is presented in the theory part. However, even though the main 
part of the literature review took part in the early stage of the work process it was also 
performed in parallel with other tasks in later stages. This in order to cover discovered 
gaps in the theory along the way.   

 
2. Planning of data collection: After the first scanning of the literature in the field the 

work process started by formulating the goal with the thesis and defining the 
limitations. After that it was decided how empirical data should be collected and what 
data source that should be used. 

 
3. Data collection: To collect empirical data to the thesis a survey was used. The 

empirical data was collected using the snowball sampling approach and the survey 
was distributed via Facebook and LinkedIn.   

 
4. Compilation and analysis: After collecting the data the work with analyzing the results 

started. Statistical methods have been used to ensure reliable and validated results.  
 

5. The last part with the thesis include discussion and formulation of conclusions based 
on the analysis of the empirical data and to give recommendations for further 
work.       
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2 Theory 
 
The purpose with this chapter is to present different theories which lays the foundation for the 
theoretical framework for this study. We start out broad and present the concept of IoT and 
then different theories about the mechanisms behind consumer adoption of new technology 
and different types of consumers. We then go deeper into theoretical models regarding 
consumer adoption of technology and ends in the model which is developed for the purpose 
of this thesis.    
 

2.1 The concept of IoT 
 
The phrase “internet of things” was first introduced by Kevin Ashton in 1999 in a presentation 
at Procter and Gamble where Ashton talked about using radio frequency identification 
technology (RFID) in combination with internet in Procter and Gamble’s supply chain. But it 
was not until ten years later, in 2009 it was a well-known concept (Ashton, 2009).  
 
Professor Sanjay Sarma is one of the pioneers within IoT who has worked closely with Kevin 
Ashton. Their vision with IoT was a collective effort; their research at that time was about 
identifying objects with RFID (BCS, The Chartered Institute for IT, 2017). I.e they equipped a 
microwave with a RFID tag and reader and connected it to internet with the purpose to see if 
it was possible for the microwave to identify that it contained food and in the second stage 
download suitable recipes from internet (BCS, The Chartered Institute for IT, 2017). Today 
the phrase IoT is used in a lot of different settings, still the core idea behind the phrase was 
that computers and internet needs input from humans (Ashton, 2009). 
 
Our society is built around things, but in today’s technology era more and more is about 
information flow (Ashton, 2009), and also secure information flow (Tong, Sun and Wang. 
2013), (Courtney, 2008). If computers can gather information without input from humans and 
then translate the information into things, it is possible to count and track everything and by 
that reduce cost and waste (Ashton, 2009). The technology makes it possible to know when 
things need to be replaced, repaired etc. The RFID and sensor technology makes it possible 
for computers to gather information about the world around them without any input from 
humans (Ashton, 2009). IoT is used in many different settings today, but the meaning of the 
concept is so far not written in stone. Many different parameters can be included and the 
experts are still battling to define them. Despite those disagreements IoT is predicted to 
become the largest and most important device market in 2019 (Fernandez, 2015). Since IoT 
is predicted to be so large it will affect both business and investors in all different types of 
business segments and that is affecting the technology and products that are developed 
today (Fernandez, 2015) can be thought of as an umbrella term covering a broad and ever-
growing range of services and technologies. The underlying services and technologies 
support use cases and scenarios that in turn take part of a broader ecosystem which 
includes related technologies such as analytics, big data, connectivity solutions and more (i-
SCOOP, 2017).  The basic concept of IoT is that more and more devices are equipped with 
an interface enabling the device to access to the internet, it can be, nonexclusive, either 
through ethernet, Wi-Fi or 3G, 4G and 5G networks, i.e anything that can provide them with 
an IP address which all makes it possible to connect them to internet or to each other (i-
SCOOP, 2017).  
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2.2 IoT use cases 
 
IoT enables new use cases, services, innovations and businesses over and over again within 
multiple industries, personal life, healthcare with others (i-SCOOP, 2017). 
 
For example, in the manufacturing industry, the IoT system can keep track of stock, supply 
data, transportation, manufacturing speed and much more, and based on the data make 
decisions on a certain predefined level, enabling quicker decision making without involving 
humans. At the same time, the IoT system can supply information to the humans controlling 
the system, enabling them to make strategic decisions that are fed back into the IoT system 
(Mahdi et al, 2017). Another example of IoT use case is if a car that is connected to the 
driver’s calendar can, depending on the traffic, decide if the driver will be in time to the 
planned meeting and if not, the meeting participants will be notified (Morgan, 2014).  
 
Healthcare is another area where the data can be rich, including human survival related 
information, and increasingly important to be analyzed in a quick and correct way (Ukil et al, 
2016). The modern healthcare has been redefined by the IoT revolution and the possibilities 
that came with the revolution. With the new technology, healthcare does not necessary mean 
that it is taken place at a hospital. There are today many applications for the smartphone, 
letting the individuals tracking i.e their glucose levels or blood pressure. With the support of a 
smartphone the data can either be sent to their doctor or relatives (Shah, 2014). When it 
comes to smart or connected homes, the new technology sensors and systems can make 
your home an extension of the healthcare and helping citizens with needs in their home 
(Courtny, 2008), (Rialle et el, 2002). 
 
IoT can also be used for proactive or preventive healthcare, for example a smartwatch or a 
smartphone can be used to monitor the heart rhythm and find if any abnormalities occurs 
(Ukil et al, 2016). The data collected can be sent to the doctor and actions can be taken 
before more severe heart complication occurs (Ukil et al, 2016).  
 
Also in the day to day life, IoT can be involved without us humans realizing or thinking about 
it. One example is when we go to the grocery store to purchase necessities. In a store IoT 
may be present by smart shelves that keep track of the stock without the customer knowing 
(Li et al, 2017). Another example is the check out, either at a traditional cashier or as today, it 
is possible to use a self-service checkout and where the checkout system is an IoT system 
(Andrews, 2009).  
 
There are even companies that have taking it one step further and opened “cashier free” 
stores where the consumer collects groceries that get charged to a personal account. This 
means that there are no lines nor cashiers and no check out (Garun, 2016).  
 

2.3 Smart home ecosystem 
 
The concept of IoT smart home and connected devices has been around for twenty years 
(Ashton, 2009), and when several smart devices in the home, connected to the internet, are 
integrated and can talk with each other seamlessly, they create a smart home ecosystem 
(Miller, 2017), (Park Associatives. 2014). The tremendous development the last decade 
within smartphones, wearable devices and broadband has created new ways to connect 
individual devices in the home (Qasim and Abu-Shanab, 2016), (Jeong et al, 2016), (Wilson 
et al, 2017), (Hubert et al, 2017). This creates a synergy effect where the benefit of each 
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device is not isolated to that one single item but by connecting multiple devices to a system 
new value is created. In the smart home, energy, home controls, security, communication 
and entertainment services are all included (Miller, 2015), (Wilson et al, 2017). From a 
customer perspective these new ways of connecting devices to each other changes the way 
people live their lives. From a company perspective this creates new partnership possibilities 
and calls for the need for adjusted business models and makes it possible to reach a wider 
range of customers (Miller, 2015), Yonghee et al, 2017) (Verisure, 2016). 
 
It has previously been possible for individual devices to capture and collect historical data, 
but the end-user has been forced to make the analysis of the data (Ashton, 2009). The 
recent development is that connected devices both collect and analyze data from the 
surrounding and in some cases, make decisions (Mahdi et al, 2017). This makes it possible 
for the system to detect normal behavior or deviating behavior and act on it (Mahdi et al, 
2017). For example, in a house equipped with window and door sensors, motion sensors and 
cameras it is not only possible to detect a possible housebreaking but the technology can 
also be used to detect the activity level and occupancy in the house and by that adjust the 
temperature or turn on/off devices (Miller, 2015), (Wilson et al, 2017), (Verisure, 2016). 
 
In a smart home, devices can be connected so it is possible to control lighting, energy 
management, detect smoke, water and gas leakages. By making it possible to control all 
devices from an app on the phone opens the possibility to control all those things remotely. 
I.e a water leak sensor on a washing machine does not add so much value if it only works on 
its own. However, by the possibility to connect the sensor to the phone so an alert is given in 
the app in case (Miller, 2015), (Wilson et al, 2017). 
 
Looking at an average household, August 2017, it had in general seven connected devices, 
such as smartphones, tablets, video cameras with others that are used every day (Miller, 
2017). But even though each household has a lot of connected devices, it does not mean 
that they have a smart home ecosystem nor a smart home (Miller, 2017). A device that 
cannot connect and participate as part of a smart home isn’t smart, it is simply only linked to 
internet. On the other side, if the devices can talk with each other, then they are part of a 
smart home ecosystem and can be defined as a smart home (Miller, 2017). All the connected 
devices do not necessary mean that a house is a smart home, and a connected home, an 
automated home and a smart home is not necessary the same (Trollinger, 2016).  
 
The difference between connected and smart technology have been assessed (Porter, 
Heppelmann, 2014). The assessment states: 

• Smart things are products that incorporate sensors, microprocessors, data storage, 
controls, software, an embedded operating system with enhanced user interface, and 
the capability of running autonomously (e.g., following a programmed schedule). 
Smart devices are often connected to a network of some kind, but it is not required. 

• Connected things are products with sensors, microprocessors, and controls that 
communicate with networks to serve two purposes. On one hand, it exchanges data 
over the network to allow monitoring and data collection. On the other, it is designed 
to allow some of its functions to be controlled remotely by one of those smart things 
over a communications network (Porter, Heppelmann, 2014). 

Looking at the smart home ecosystems on the market today, there are primarily four big 
players that provides the ecosystem that other vendors can connect to. It is Amazon, Apple, 
Google and Nest (Lamkin, 2018), (Business Insider, 2017), (Vena, 2017), (Coumau, 
Furuhashi and Sarrazin, 2017). In addition to this Samsun, Wink, Zigbee and Honeywell all 
have systems that can be defined as smart home ecosystems (Lamkin, 2018), (Business 
Insider, 2017), (Vena, 2017),(Coumau, Furuhashi and Sarrazin, 2017). 
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The smart home ecosystems include both utilitarian and hedonic devices and services and 
the number of devices and services will continue to increase with time (Lamkin, 2018), 
(Business Insider, 2017), (Vena, 2017), (Coumau, Furuhashi and Sarrazin, 2017).  
 
Figure 2-1 gives an example of a smart home ecosystem but is not exclusive.  
 

 
Figure	2-1:	Smart	Home	Ecosystem	(Rouse,	2017)	

 

In this thesis we aim to cover the smart home ecosystem as it is today, including utilitarian 
and hedonic products and services but where each ecosystem can be different from the 
other when it comes to products and services, but they all follow the definition of seamless 
communication.                  
 

2.4 Opportunities and barriers towards consumer 
adoption of new technologies 

 
To be able to understand the factors influencing technology adoption one must understand 
the decision process of the individual. Research previously performed have shown that the 
perceived innovative nature of a technology together with personal characteristics have 
impact on an individual’s attitude towards the technology (Meng, Kim, Hwang. 2015). The 
personal characteristics include previous behavior patterns, personal innovativeness and 
demographic characteristics (Rogers, 1983). Proposed external factors influencing the 
adoption process are perceived ease of use and perceived usefulness (Davis, 1989).  
 
Several studies have indicated that innovations need to overcome a number of barriers 
before the innovation gets adopted by, or even considered to be bought by consumers 
(Molesworth and Suortti, 2002, Szmigin and Foxall, 1998). Studies have also shown that 
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consumers encounter these barriers very early on in their decision process, which makes it 
even more important to identify and how to overcome the adoption barriers to be successful 
with the commercialization of the innovation. The barriers are identified to be both 
psychological/social and functional in explaining consumer’s hesitation to adopt new 
technological innovations (Herbig and Day, 1992; Balta-Ozkan et.al 2013). 

Functional barriers - created by the consumers’ perception of what value and risk the usage 
will give by adopting the technology (Porter and Donthu, 2006). 

Social/Psychological barriers - created by the consumers’ beliefs on how the adoption will 
impact the consumer (Porter and Donthu, 2006; Balta-Ozkan et.al 2013). 

Research show that security, control and cost are the most important social barriers for 
adoption of smart homes (Balta-Ozkan et.al 2013).  

Looking specifically at the smart home there are different barriers connected to technical, 
conceptual and management aspects to overcome to reach adoption. The barriers can be 
summarized in the following: fit, administration, reliability, privacy, security, interoperability 
(Balta-Ozkan et.al 2013).  
 
The potential to develop, expand and integrate the technology can all be captured in the term 
“fit to the current and changing lifestyle” (Balta-Ozkan et.al 2013). Without those qualities the 
risk is that usefulness is overhauled by the consumer. For an efficient adoption of the smart 
home ecosystem the technology and services should be well suited and easily integrated in 
the already existing home (Edwards and Grinter, 2001; Fitzpatrick et al., 2006; Li et al., 
2012). Technology that forces the consumer to change social norms or routines and require 
the consumer to develop expertise to control or manage the product is most likely to be 
perceived as complicated and not worth the bother. It is not unlikely that the consumer is 
feeling out of control (Chikhaoui and Pigot, 2010; Li et al., 2012). Another important aspect is 
for the system to be flexible to be able to meet the changing needs; the ecosystem should be 
adjustable to facilitate the integration of new components and upgrades (Edwards and 
Grinter, 2001; Hu et al., 2011). The administration barrier is about what knowledge that is 
required for correct maintenance of the ecosystem. Some part can be done by a support 
function or third-party but some parts needs to be done by the consumer itself due to the 
subjectivity involved in the configuration. This means that the consumer needs a minimum 
level of knowledge in how to troubleshoot and manage the system (Balta-Ozkan et.al 2013). 
The smart home ecosystem must be reliable and robust and take into account that there are 
different devices involved in the ecosystem which should have different tolerance levels for 
malfunctions. Some devices in the house i.e the fire alarm, are more critical than others 
(Friedewald et al., 2005). In order to be able to provide a customized smart home ecosystem 
the system may need to collect data about the consumers consumption patterns, 
movements, energy use etc. For the privacy and security barrier the provider of the 
ecosystem must ensure that this personal data is safeguarded in a proper way. The remote-
control possibilities with opening/closing doors and turning lights/heat on and off represents a 
challenge regarding security which is also something that needs to be treated (Balta-Ozkan 
et.al 2013).    
 
The interoperability was highlighted as a challenge already a decade ago but it is still a 
relevant barrier (Balta-Ozkan et.al 2013).  A successful smart home ecosystem must be 
flexible and be able to adjust to new needs and products. That requires that the devices 
within the ecosystem can communicate with each other. With devices being produced by 
different manufacturers using different standards it is not always obvious that it will work 
(Balta-Ozkan et.al 2013).  
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For a long time, the traditional innovation and research has put innovation characteristics as 
the key to success (Rogers, 1962, 2003), while other research have put more focus and 
attention on how to increase consumers’ adoption of innovations. Since technical innovation 
goes beyond what is available today, breaking new boundaries is critical to identify possible 
barriers for the consumers to adopt the new technology (Veryzer, 1998).  
Looking at the field of technology, consumers are introduced to an overwhelming amount of 
new product launches (Goffin, 1998). It may be both minor updates like updates of existing 
technologies or major changes like the introduction of the CD, Smartphone or electrical cars. 
The introduction of new products often come together with new additional components or 
user interfaces to enable the customer to use the new product (Hackos and Redish, 1998, 
Ziamou, 2002). In addition to the new interface, innovations may also lead to levels of 
incompatibility (Katz and Shapiro, 1985). The incompatibility can be that two hardware 
products or brands that are very similar need different software to function, that they cannot 
run on the same software (Katz and Shapiro, 1985). The lack of any particular direction has 
been highlighted as one barrier for IoT (BCS, The Chartered Institute for IT 2017). There has 
been a low degree of coordination between different stakeholders like the government, the 
commercial parts and the academic world which has led to a slow process for establishing a 
dominant architecture. In general, there are few toolkits, many standards to consider and 
open-ended solutions (BCS, The Chartered Institute for IT 2017). Other barriers now coming 
in the daylight are maintainability and upgradeability. Those two represents recent barriers 
that occur for the first time a few years after the first implementation (BCS, The Chartered 
Institute for IT 2017).  
 
Sometimes external dependencies are strong. For example, the television needs external 
input as broadcasting, internet connection with media available, or DVD players need movies 
to function. This is referred to as the “hardware-software paradigm” (Basu et al., 2003). 
 
The potential for an innovation or technology to become adopted by the consumers are 
dependent on the following characteristics (Dodgson et.al. 2008): 
 

• The innovation must be superior compared to other alternatives. The greater the 
advantage the quicker is the diffusion of the innovation.  

• The complexity of the innovation may have a negative impact on the diffusion. 
Innovations consisting of a combination of different products and systems often 
require more effort from the user.   

• Some innovations must be adopted before they can be used. This can either have a 
positive or negative effect on the diffusion.  

• How easy the innovation can be evaluated after the trial may influence both the 
speed and extent of the diffusion. 

• The possibility of reinvention. The possibility to refine, adjust and modify may be 
crucial for the user.   

• Innovations are sometimes a part of a larger system. How well the innovation fit in the 
overall system. 

• The greater the risk and high level of uncertainty the slower diffusion.  
• Different users have different needs, how well the innovation “fit the task” for the 

particular consumer can have an impact. 
• Level of support needed.  
• The knowledge needed before the consumer successfully can use the 

innovation.   (Dodgson et.al. 2008)   
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2.5 Categories of consumers 
 
The model the diffusion of innovation divides individuals into six categories depending on the 
individual’s traits in the adoption process: (Dodgson et. al, 2008) 
 
Innovators: are characterized by activities involving high risk. They are willing to expose 
themselves to high level of uncertainty and often have a solid financial level (Dodgson et. al, 
2008).  
 
Early adopters: are often individuals with high respect within their community and have a 
great influence on other people’s opinions (Dodgson et. al, 2008).   
Early majority adopters: interact with the early adopters but they are themselves no leaders. 
The early majority adopters may slow the adoption process down since they do not want to 
be the first to adopt. But they do not want to be the last either (Dodgson et. al, 2008).  
 
Late majority adopters: are often skeptical and are more or less forced to adopt the 
innovation by necessity. They are often cautious and have a high focus on safety. This group 
is amenable to social influence from people in their surrounding (Dodgson et. al, 2008).  
 
Laggards: are often highly suspicious to social pressure and new innovations. They are often 
lack the necessary skills and knowledge to be able to adopt a new innovation and the 
perceived cost of failing is often high. This group of consumers often wait with the adoption 
process until they are forced by the market or regulations (Dodgson et. al, 2008).  
 
It shall be noted that these categories represent a coarse division of individuals and people 
may not fit exactly into them. It can also be that individuals fit into different categories 
depending on the type of innovation. An early adopter for one type of innovation can be a 
laggard for another type of innovation (Dodgson et. al, 2008).    
 
The individuals tending to adopt innovations early have in general greater empathy and 
greater ability to deal with abstractions, have greater acceptance for uncertainty and are 
more favorable to science (Rogers, 1962, 2003). The early adopters are only a small part of 
the total number of consumers but are needed to create a mass of consumers big enough to 
help others, late adopting consumers, to reach their adoption threshold (Rogers, 1962, 
2003). When the critical mass of consumers / adopters is reached, there is a leap forward 
triggering a much more rapid growth of adoption thereafter (Rogers, 1962, 2003). Research 
has shown that consumers show higher acceptance intentions for products or innovations 
that are complex but match their needs together with low uncertainty (Arts et al, 2011). 
Potential adopters have in general in the early stage of diffusion too little information 
regarding the technology to be able to make a decision whether or not to use the technology. 
In this situation it has been confirmed in the literature that for potential adopters the influence 
of others opinions has an important impact on the adoption decision (Heetae, Hwansoo, 
Hangjung, 2017). Several studies indicate that subjective norm has an important impact on 
the attitude towards using a certain technology, affecting the behavioral intention and the 
adoption intention (Heetae, Hwansoo, Hangjung, 2017).  
 
Many studies performed on consumer adoption assume that factors driving the adoption 
process remains the same during the progress of the diffusion (Chiu, Fang, Tseng. 2010). In 
the technology diffusion model, the diffusion process takes the form of a continuous bell-
shaped curve, see Figure 2-2. The curve has gaps between the different user group which 
indicates that there are dissociations between the different consumer groups. That means 
that a particular group of consumers would have difficulties to adopt the new technology if it 
was presented in the same way as to the previous group (Moore, 1991). However, a number 
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of studies are now showing there are differences in the factors between the consumer 
groups affecting the adoption decision (Waarts et al. 2002). These results give reason to 
believe that factors facilitating consumer adoption are dynamic and as a consequence of this 
the impact of the factors on the use intention would vary between the different groups of 
consumers (Walker et al., 2002; Zayim et al., 2006; Vishwanath, 2003). Results show that 
while effort expectancy, performance expectancy, social influence and facilitating conditions 
all have an impact on the overall use intention the perception of these factors vary 
significantly between potential and early users (Chiu, Fang, Tseng. 2010). When potential 
and early adopters are compared the analysis show that early adopters scores higher on 
performance expectancy and effort expectancy and are more affected by social influence 
and facilitating conditions (Chiu, Fang, Tseng. 2010).  
 
 

 
     Figure 2-2: Model the diffusion of innovation (Rogers, 1983) 

 
 

2.6 Intention to adopt technology 
For years researchers have tried to find the answer to what predicts and explains a person's 
technology adoption and use (Maruping et.al 2017). Intention has been pointed out by many 
theories and researchers as the closest description to actual behavior. This relationship is 
also confirmed by empirical evidence (Ajzen and Fishbein 2005).    
 
When it comes to IT, scholars have called for deeper knowledge about factors that have an 
impact on the actual use (Maruping et.al 2017). With background in the social psychology, 
behavioral intention is said to be a determinant within technology acceptance models 
(Maruping et.al 2017). Behavioral intention is defined as “the degree to which a person has 
formulated conscious plans to perform or not perform some specified future behavior” 
(Maruping et.al 2017). However, some academic papers have recently argued that behavior 
expectations would better predict behavior (Maruping et.al 2017). Behavioral expectation is 
defined as “an individual’s self-reported subjective probability of his or her performing a 
specified behavior, based on his or her cognitive appraisal of volitional and non-volitional 
behavioral determinants” (Maruping et.al 2017). It is said that behavioral intention and 
behavioral expectation explain different types of technology use. Behavioral intention 
describes internally formulated commitment for a specific behavior while behavioral 
expectations takes in addition into account external factor (Ajzen, Fishbein. 1975; Warshaw, 
Davis, 1985). Behavior intention is better in predicting duration of use and behavior 
expectation is better in predicting intensity and frequency of use (Maruping et.al 2017).   
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Empirical studies show that there are differences in factors having an impact on adoption 
when looking from an adoption-diffusion view compared to use-diffusion view (Motohashi, 
Sawng, Kim. 2012). A structural model of adoption-diffusion using the mediating variables 
usefulness and perceived ease of use of TAM was used in a survey for non-users of IPTV 
(Internet Protocol TV) to study the factors influencing the intention to use the technology 
(Motohashi, Sawng, Kim. 2012). The result showed that household innovativeness, trialability 
and perceived risk were the determinants when studying the user satisfaction with IPTV 
while perceived ease-of-use was the mediating factor (Motohashi, Sawng, Kim. 2012). As a 
comparison a structural model of use-diffusion with variety of use and rate of use as 
mediating variables was used for users of IPTV to study which factors that had an impact on 
the user’s satisfaction with the technology and their intention to re-use it (Motohashi, Sawng, 
Kim. 2012). The result for the use-diffusion model showed that complementarity and 
communication were the determinants for the satisfaction of the users and the intention to re-
use was influenced by the perceived risk and its relative advantages (Motohashi, Sawng, 
Kim. 2012). The adoption-centered way of studying innovation diffusion has limitations in 
explaining the diffusion process of an innovation as one process. In particular, this approach 
fails to explain why the diffusion speed varies and how the characteristics of the consumer 
have an impact on the diffusion. The use-diffusion approach provides a more profound 
understanding of the diffusion process of innovations (Shih, Venkatesh. 2004.)   
 

2.7 Consumer adoption and individualization 
New innovations rarely fit the users’ needs seamlessly. Innovations often need to be 
adjusted and adapted to meet the needs of the user. This is often done through an iteration 
or re-innovation process (Dodgson et.al. 2008). It is also well recognized that customization 
is a key aspect of strategic decision making for various types of products, processes and 
services (Lampel and Mintzberg, 1996). The firms are facing an individualization trend with 
an orientation towards design, quality and functionality which demands unique, durable and 
reliable products (Piller and Muller, 2004).  
 
To meet the trend, data driven strategic decisions can today be taken on continuous basis as 
internet, in a cost-efficient way, facilitates the meeting and information sharing between a 
customer and the seller via many different channels (Dewan et al, 2000). A service provider 
can tailor its offering to the customer by collecting, filtering and analyzing data from user 
registration, cookies and servers (Dewan et al, 2000). With this, the internet commerce 
technologies and the advanced manufacturing technologies have improved the sellers’ 
flexibility and ability to customize (Dewan et al, 2000). It is found that consumers, in particular 
those with great purchasing power, increasingly want to express their personality with 
individualized products (Piller and Muller, 2004). This mass customization, needs to find the 
balance between the customer individualization needs with the high efficiency in normal 
mass production (Tseng and Jiao, 2001). 
 

2.8 First time use versus continued use 
One reason why it is important to understand the factors behind continued use is that if the 
technologies are not used, organizations and individuals cannot make any benefits out of the 
implementation (Setterstrom,Pearson and Orwig 2012).   
 
Several studies have been performed to develop theories to explain why individuals adopt 
and continue to use new technologies. These theories include theory of planned behavior 
(TPB), technology acceptance model (TAM), theory of reasoned action (TRA), unified theory 
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of acceptance and use of technology (UTAUT) and diffusion of innovation (DOI) among 
others (Setterstrom, Pearson and Orwig 2012). Each one of these models have been 
extensively tested in various settings and contexts and have been found to be able to 
reasonably good be able to predict either adoption or continued use (Setterstrom, Pearson 
and Orwig 2012). The basics is that continued use is driven by intentional behavior, meaning 
that the individual make conscious decisions to act in a certain way. The continued use of a 
technology is therefore a series of decisions made to continue to use the product which 
consists of two factors. The first factor is a rational consideration based on perceived 
usefulness and ease of use and expectations inherited from previous experiences combined 
with various beliefs (Bhattacherjee 2001; Venkatesh et al. 2003). The other factor is a 
collection of emotional responses to the use of the product i.e cognitive absorption and 
satisfaction (Kim et al. 2007; Sun and Zhang, 2006; Ana and Markus, 2009). 
 
One of the challenges with the adoption models that have been given attention is the 
conceptual difference between the adoption and continued use. Research have shown that 
continued use is not only an extension of the adoption decision, but instead that adoption 
and continued use are actually controlled by different factors (Ajzen and Fishbein 2005; 
Limayem et al. 2007). In a study comparing pre-adoption with post-adoption behavior of 
Windows technology the result showed that potential adopters were affected social norms 
while actual users instead were affected by attitude towards using the system (Karahanna et 
al. 1999). Another study compared the differences in attitudes between adoption intention 
and continued use for e-learning websites. The result suggests that compatibility and relative 
advantage were important for adoption intention while for continued use intention 
compatibility and result demonstrability were most important (Liao and Lu, 2008). More 
recently a study was performed with the intention to compare the difference in the decision to 
adopt wireless technology with the decision to continue to use the same technology 
(Setterstrom, Pearson and Orwig 2012). The result indicates that enjoyment, perceived 
usefulness and perceived fee influenced perceived value regardless if the consumers was 
adopting the technology for the first time of if it was about continued use (Setterstrom, 
Pearson and Orwig 2012). This means that perceived value plays an important role both for 
adoption and continued use. Perceived value was negatively affected by technicality for 
continued use, but not for adoption. Perceived usefulness was indicated to be more 
important for adoption compared to continued use while for enjoyment is was the other way 
around. Habit was described to have significant influence in the relationship between 
continued use intention and perceived value (Setterstrom, Pearson and Orwig 2012).  
 
The results from those two studies indicate that the attitude towards a technology can 
change after the initial adoption.        
 

2.9 Technology acceptance theories 
There are different theoretical models which aim to describe how and in what way people 
react to different kinds of products and services. Some models are mainly developed to 
understand the hedonic side and others the utilitarian side. There are also so-called mixed 
models which describes both sides. The purpose with this section is to present relevant 
models that are available in the literature today. Some theoretical models are considered to 
be more practical and thereby more commonly used (Karami, 2006). Some of the more 
popular theoretical models of adoption are the Diffusion of Innovation theory by Rogers, the 
Theory of Reasoned Action (TRA) theory by Ajzen and Fishbein, the Theory of Planned 
Behavior (TPB) by Ajzen, the Technology Acceptance Model (TAM) by Davis, Bagozzi and 
Warshaw, the Unified Theory of Acceptance and Use of Technology (UTAUT) by Venkatesh 
and the Value-based Adoption Model (VAM) by Kim, Chan and Gupta (Setterstrom, Pearson 
and Orwig 2012), (Karami, 2006) (Kim et al, 2017). These models are used and verified in 
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many studies to explain consumer adoption. In this section is a brief description of the 
models, for a more detailed description with illustrations, see Appendix A.  
 

2.9.1 Theory Diffusion of Innovation 

The Theory of Innovation Adoption discuss how the consumer’s decision of how, why and 
how well new innovations and technologies penetrates through cultures (Rogers, 1962, 
2003). The diffusion of innovations theory explains the innovation decision process, various 
categories of adopters, determinants and how likely and at what pace new innovations will be 
adopted (Rogers, 1962, 2003). In general, the speed of which new innovations diffuse in the 
society is dependent both on characteristics of the consumers and characteristics of the 
innovation (Motohashi, Sawng, Kim. 2012). The diffusion of innovations and technologies or 
customer adoption to new technologies is described according to Figure 2-2, where early 
adopters quickly adapt to new technologies. 

2.9.2 Theory of Reasoned Action - TRA 

TRA proposes that an individual’s intentions to follow or carry out a behavior is the 
immediate determinant of that behavior, and where the intention is defined as the individual’s 
decision to involve in performing the action (Ajzen and Fishbein. 1975). An individual’s 
intentions are functions of that individual’s attitude in the direction of the behavior as well of 
the individual’s subjective norms. Where the attitude towards the behavior is defined as the 
analyzed influence on the individual to perform the behavior and the subjective norm is 
defined as the perception of how the individual ought to behave (Ajzen and Fishbein. 1975).  
 

2.9.3 Theory of planned Behavior - TPB 

The TPB is an extension of TRA (Ajzen and Fishbein, 1980, 1975), which posits that 
behavioral intentions are function of salient information or beliefs that by performing a 
particular behavior will lead to a specific outcome (Madden et al. 1992). TPB assumes three 
conceptually independent determinants of intention; attitude, subjective norm and perceived 
behavioral control (Ajzen 1991). It is the perceived behavior control that is the main 
distinction between TPB and TRA (Ajzen, 1991). 

TPB has been criticized for not being an adequate explanation of human behavior. The 
criticism concerns to what degree the human social behavior is driven by unconscious 
mental processes (Aarts and Dijksterhuis, 2000; Bargh and Chartrand, 1999; Uhlmann and 
Swanson, 2004), implicit attitudes (Greenwald and Banaji, 1995) and that the theory focus on 
rational reasoning and ignoring unconscious behavior (Sheeran, Gollwitzer and Bargh, 
2013). Also, the effects of behavior on cognitions and future behavior are not supported to be 
understood. (McEachan et al., 2011; Sutton, 1994). The criticism even goes as far as stating 
that the TPB is false (Falko et al. 2014). 
 

2.9.4 Technology acceptance model - TAM 
 

The Technology acceptance model (TAM) is a theoretical model and extension from the 
Theory of Reasoned Action. TAM suggests how users accept new technology based on 
perceived usefulness and perceived ease-of-use and is one of the most researched models 
of adoption and intention to adopt (Davis, 1989, 1993; Davis, Bagozzi and Warshaw, 1989). 
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Where the perceived usefulness is defined as "the degree to which a person believes that 
using a particular system would enhance his or her job performance" and the perceived 
ease-of-use as "the degree to which a person believes that using a particular system would 
be free from effort"(Davis, 1989; Davis, Bagozzi and Warshaw, 1989), (Davis 1989, 1993).  
 
Even though TAM has been widely used, it has also been widely criticized, it has even been 
questioned for its practical value (Chuttur, 2009). It has been concluded that TAM is a useful 
model, but to gain a practical value TAM should be integrated into a broader model which 
takes into account variables related to human and social change processes (Legris et al., 
2003).  
 

2.9.5 Value-Based Adoption Model - VAM 

 
VAM is claimed to be more accurate than the previous TAM when it comes to the 
acceptance of Information and Communication Technology (ICT) (Kim, Chan and Gupta, 
2007).  With VAM, users of new ICT should be recognized as consumers and technology 
users instead of only technology users (Kim, Chan and Gupta, 2007). VAM is a cost versus 
benefit model, comparing the cost of adopting a new technology or product versus the 
benefits it could bring (Lin et.al, 2012). 
 

2.9.6 Unified Theory of Acceptance and Use of Technology - UTAUT 

 
UTAUT is a model developed to explain the acceptance of new technology among 
employees. The model aims to describe if the user will accept the new technology and also 
the user’s ability to deal with the technology (Venkatesh et al., 2003). UTAUT consists of four 
independent key constructs (Venkatesh et al., 2003): 
 

• Performance expectancy: The degree to which an individual believes that using the 
system will help him or her to attain gains in job performance.   

• Effort expectancy: The degree of ease associated with the use of the system. 
• Social influence: The degree to which an individual perceives that important others, 

for example family, colleagues or friends, believe he or she should use the new 
system. 

• Facilitating conditions: The degree to which an individual believes that an 
organizational and technical infrastructure exists to support use of the system. 

The critique against UTAUT is that important variables can have been left out because the 
included predictors are not universal or generic. Future research may then discover new 
predictors that influence the result which are per today not covered by the existing predictors 
(Bagozzi, 2007). In comparison with TAM the UTAUT represent a step forward in the 
research about technology acceptance. However, some studies show that it can be difficult 
to group and label items in a representative way especially for the two key constructs 
facilitating conditions and social influence (Raaij, 2008). 
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2.9.7 Unified Theory of Acceptance and Use of Technology 2 

 
UTAUT2, is a proposed extension to the UTAUT theory. Apart from individual differences like 
age, gender and experience as moderators UTAUT2 also focuses towards consumers and 
the use of technology by adding hedonic motivation, price value and habit into the model 
(Venkatesh et al., 2012).  

2.10 Comparison of the theoretical models 
 
Table 2-1 shows a comparison of the theoretical models described above. The table gives an 
overview of which determinants that are included in each model.  
 
Table 2-1 Underlying core determinants of the models described in this study.  

Variables	/	Models TRA	 TPB	 TAM	 VAM UTAUT UTAUT2 

Attitude X X     

Subjective	Norm	(Social	influence/pressure) X X   X X 

Perceived	behavioral	control  X     

Perceived	usefulness	/	performance	
expectancy 

  X X X X 

Perceived	ease	of	use   X  X X 

Technology	facilitating	conditions    X X X 

Intrinsic	motivation    X  X 

Price	Value    X  X 

Habit      X 
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2.11 Research model 
 
By reviewing the literature within the field of intention to adopt new technology we have 
selected four determinants that have been proven to be important in previous research 
regarding intention to adopt. The four determinants we have included in our research study 
are cost, ease of use, perceived usefulness and individualization. In addition, we have 
chosen to include the composition of the household moderator. 	
 

Figure 2-3 shows the developed research model.  
 

2.11.1 Cost 

Cost is defined as “a form of perceived value that is measurable in terms of the monetary 
benefits and costs involved in purchasing or using products and services” (Lee et. al 2007). 
Cost is combining to overall cost and price value of the products and services, or the system. 
The cost cover both the device and system cost as well as the subscription fee for each 
service. As could be read in the problem discussion cost has been highlighted as one of the 
important barriers to overcome to reach acceptance for IoT products (Balta-Ozkan et. al 
2014). Research have also found that a high price or having to pay a price at all for a service 
is found to keep many customers from trying new services that they are not sure about 
(Andersson, Heinonen, 2002). By including cost as a determinant in our research we want to 
investigate if the findings from previous research are valid also for smart home ecosystems, 
as here it is not only one device or service but a group of products and services.  
 

2.11.2 Perceived ease of use 

Another important variable that direct impacts the intention to adopt is ease of use (Davis, 
1989). Perceived ease of use is defined as “not requiring physical, mental nor learning effort” 
(Davis et. al, 1989). Meaning that the system shall be easy and self-explanatory to use and it 
is possible to be managed by an average user without too much effort. Ease of use has 
previously been shown to be a key determinant impacting the adoption of IT systems 
(Venkatesh and Davis, 2000). The complexity of a technology is known to have an impact on 
ease of use and especially if the technology consists of a combination of services and 
product (Dodgson et.al. 2008). A smart home ecosystem fulfills this description of complexity 
and we include ease of use as a determinant in our model.  
 

2.11.3 Perceived usefulness 

Perceived usefulness is defined as “an individual’s believes that using a particular system will 
enhance their productivity or support in the daily tasks” (Davis et al, 1989). Meaning that how 
the system support daily activities, i.e for the smart home by saving energy, automating daily 
tasks like turning of the lights, changing status of the blinds with others. Perceived 
usefulness has been proven to affect the user’s attitude and behavioral intention towards 
new technologies (Albert L et al 2000). It has also been assessed that perceived usefulness 
can be used as a good indicator when predicting an individual’s acceptance towards a 
technology (Wu and Zhang, 2014). Referring back to the problem discussion one of the main 
challenges with smart home technology that have been highlighted is that the consumers do 
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not see the real benefit with the products and the industry struggle to provide a focused 
number of products (BCS, The Chartered Institute for IT 2017). It is therefore seen as 
important to include this determinant in our research and study how it affects the intention to 
adopt.   
 

2.11.4 Individualization 

The above described determinants are all included in the known theoretical models regarding 
consumer adoption previously described. However, in research field of customization it has 
been verified that consumers know what they want and they do not want to sacrifice their 
preferences but instead are willing to pay extra for a tailor-made product suited for their 
needs (Bardakci and Whitelock, 2003). Individualization is defined as the possibility for the 
consumer to select and tailor what to include in the product or system, this cover everything 
from the device itself to the services provided. With this, the consumer only gets what he 
pays for and only pays for what he selects, and is at the same time willing to pay extra to get 
exactly what he prefers (Bardakci and Whitelock, 2003). The individualization approach aims 
to satisfy as many personal needs as possible for the individual, and when achieved a high 
level of expected satisfaction is achieved then the price of the product or service is of less 
meaning (Peppers and Rogers, 1997) 
 
In the literature it is highlighted that some of the reasons behind diffusion of a technology is 
the possibility modify, adjust and refine the product (Dodgson et.al. 2008). It has also been 
found that consumers with strong purchasing power have an increasingly wish to 
individualize products to express their personality (Piller and Muller, 2004). With this as 
background we have chosen to include individualization in our research model to study if this 
determinant has an impact on the intention to adopt. The literature also states that if the 
product shall be part of a larger, already existing, system it may be critical for the consumer 
adoption that the two products/systems can be integrated and function together (Dodgson 
et.al. 2008). During the development of the research model we therefore wanted to also 
study if individualization has an impact on the perceived usefulness and thereby not only a 
direct impact on the intention to adopt, but also an indirect impact.  
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Figure 2-3 Research model for user intention to adopt smart home ecosystems 
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3 Method 
The purpose with this section is to describe how this research has been conducted and the 
reasons why it has been carried out this way. 
 

3.1 Research strategy 
To be able to gain insight in the mechanisms behind the intention to adopt a smart home 
ecosystem and thereby be able to answer the research question the method we have used is 
a combination of a literature review and a quantitative research strategy. The approach has 
been to plan, design, prepare, collect data and analyze data in an iterative way.  
 
The literature review was performed to be able to build a solid theoretical framework about 
what the research says today; both when it comes to technology adoption on a general basis 
and then more specific what the literature says about adoption of smart home ecosystems. In 
the next step there was a decision to make whether to use a qualitative or quantitative 
research strategy. We landed on the quantitative approach since the purpose of this thesis is 
to study and obtain a broad understanding of a real-life phenomenon. Rather than going in to 
details we wanted with the help of an empirical investigation get a general understanding and 
knowledge about what is representative and common factors (Dalland, 2012) for the intention 
to adopt smart home ecosystems. The quantitative research strategy was applied to gather 
an overall picture of what key determinants people find most important when it comes to 
intention to adopt a smart home ecosystem. The quantitative research strategy focuses in 
quantification of collected data and provides data in form of measurable units (Dalland, 
2012).  
 
In a qualitative research strategy, the collection of data is performed without contact to the 
sample and there is a distance between the researcher and the sample group (Dalland, 
2012). Since we are studying a technology that may be less known by people in general this 
may represent a drawback since we cannot describe the technology for every individual 
included in the sample group and thereby ensure that everybody has the same 
understanding of the technology. To minimize this drawback, we included a description of the 
smart home ecosystem for the sample group before the collection of the quantitative data 
started. This to ensure that all individuals had the same theoretical understanding 
beforehand.     
 

3.2 Research design and method 
 
There are different ways to design a research, in this thesis we have chosen a quantitative 
approach with a survey as the tool to collect the quantitative data. A survey is the preferred 
method when the research question is in the form: “who, what, where, how many, how much” 
(Yin, 2014). Our research question is constructed using “what” which confirm the choice of a 
survey as the appropriate method.    
 
One of the benefits of using a survey with structured predefined questions is that the 
outcome is information that is generalizable (Grenness, 2012). On the other hand, one of the 
drawbacks are that it is not possible to collect any gradients in the answers and there is a 
risk that the response rate is low (Grenness, 2012).  
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To collect the quantitative evidence, we constructed an online self-completion survey through 
Questionpro. The survey consisted of 20 questions (Appendix B). The first section consisted 
of 7 background questions with the purpose to collect demographic data, the second section 
consisted of 13 closed questions locked into predefined categories. There is a risk that the 
validity is affected when closed questions are used since the questions can be understood or 
interpreted differently by the respondents (Bryman and Bell, 2011). This was something we 
had to be aware of during the analyzing process. All questions in the second section utilized 
a 5-point Likert scale ranging from 1 to 5 where 1 is “strongly disagree” and 5 is “strongly 
agree” (Setterstrom, Pearson and Orwig, 2012). To minimize the risk for common method 
bias the items in the survey were randomly ordered, meaning that questions about the same 
constructs were not asked after each other (Kim et.al 2017).   
 
Since the survey potentially could target both individuals who already have adopted a smart 
home ecosystem and individuals who have not the respondents were asked to answer the 
questions from their current point of view. The survey was constructed using instruments that 
have previously been validated and proven to have strong reliability with regards to 
technology adoption in other studies. The items in our survey are based on studies 
performed by Lee et al (2007), Delone and McLean (1992), Davis (1989), Bardakci and 
Whitelock (2003) and adjusted to fit study of smart home ecosystem.    
 
When performing a research, it is easy to be affected and start using the specific technical 
vocabulary (Dalland, 2012). To ensure that the language used in the survey was written in a 
way that was understandable, each section in the survey was piloted tested with two people 
not familiar with the thesis from before. The testers were instructed to comment on grammar, 
wording and understanding of the survey in general.  
 
Potential users of smart home ecosystems are assumed not to be in the younger age group, 
i.e in their twenties and below, but rather in their forties and above where it is more likely that 
people have settled down in more permanent or long-term residence solutions (Yonghee et 
al. 2017). Therefore, we wanted our survey to mainly target individuals that fit the above 
description of living situation. To do so we chose to distribute the survey via our networks on 
Facebook and LinkedIn using the snowball sampling approach (Christensen, 1998). The idea 
behind this method is that the starting sample recruit new subjects in their networks 
(Grennes, 2012). By this approach the sample group grows and useful data for the research 
can be collected.  
 

3.3 Data collection 
 
It is important to understand that one source of evidence is not better than the 
other but it is the gathered data from many sources of information that gives a truer picture 
and a robust result (Yin, 2014). It has been important to both gain a holistic and at the same 
time a detailed understanding of the topic and therefore both primary and secondary data 
have been used (Yin, 2014). Sources where new research results are published for the first 
time i.e scientific articles, books and theses have been regarded as primary data. Sources 
which points back on primary sources or are built upon those i.e review articles and 
systematic reviews have been regarded as secondary sources (Umeå universitetsbibliotek, 
2018). When articles have been chosen source criticism have been carefully considered, 
only articles trustworthy have been selected. 
 
During the data collection it is important to know how to interpret data and know what actions 
to take if the information is contradicting (Yin, 2014). During the entire process of this thesis a 
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study protocol has been used where notes have been stored to ensure the development of 
the thesis and that the work proceeded as planned. The authors have had a very close 
dialogue at all times and all issues have been thoroughly discussed when they have 
occurred. 
 
The empirical data was collected during one week during the spring 2018, between 22nd of 
April to 3rd of May. Which then represents a snapshot at this particular time. 
 

3.4 Data analysis 
 
When the data has been collected it is important that it is treated and distilled in a proper 
way. The analysis consists of several steps where the data is examined, categorized and 
tested in order to produce grounded empirical findings (Yin, 2014). 
 
For analyzing the data, we have used regressions analysis - Ordinary least squares 
regression and to be able to perform the required calculations we have used the software 
SPSS. Regressions analysis is suitable to use when the aim is to study the relationship 
between one dependent variable and one or several independent variables (Øhrn, 2005). 
Since we in this thesis study how/if different independent variables have an impact on the 
intention to use smart home ecosystems and also if the moderator has an impact, 
regressions analysis is a suitable method to use together with a independent-samples t-test 
(Laerd, 2018), (Nist, 2013). In order for this analysis method to work all variables have to be 
reported on intervals (Øhrn, 2005), which we fulfill through the Likert scale. 
 

3.5 Research quality 
 
High reliability is essential in order to reach high validity (Grenness, 2012). A general 
requirement is that the data has to be relevant for the research question. Nevertheless, it is 
not enough that the used sources are relevant, but the selected data from the sources also 
has to be relevant (Dalland, 2012). 
 

3.6 Construction of reliability and validity 
 
To ensure high validity multiple sources of evidence have been used to collect the data and 
by that it has been possible to create a stable and reliable chain of evidence (Yin, 2014). The 
authors have also paid attention not to interfere with the data to avoid biases and false 
interpretations.  
 
The face validity approach has been used during the work with this thesis. Face validity has 
the aim to ensure that what has been studied actually is what we aimed to study (Grenness, 
2012). To ensure this, it has been important to take notes on the side along the work 
process, to ensure we stay on track. At several occasions the manuscript has been read by 
the tutor to ensure that thesis is performed on a neutral basis and that the research question 
is the focal point. Another aspect of validity that has been considered is the content validity. 
Content validity is explained as whether the content of the research is adequate for what it is 
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supposed to measure (Grenness, 2012). To ensure this, we have only chosen predefined 
questions in the survey, which have been verified in the literature. Another way to ensure 
high content validity is to let someone with deep knowledge in the subject read through the 
survey before it is published (Grenness, 2012). Also in this aspect the tutor has provided 
important knowledge so the chosen questions in the survey were carefully selected to cover 
the research question.  
 
The test of external validity aims to ensure that the result of the research is applicable even 
beyond the current study independent of the chosen research method. The result of the 
study shall be possible to transfer to other situations and groups of people and by that it is 
said that the result is generalized (Yin, 2014). The sample group representing the consumers 
are approached by the snowball sampling method and not selected through some predefined 
criteria. This has been evaluated and shall be seen as possible source of error and in a 
possible future study the sample group should be selected to be a representative selection of 
the population of interest. 
 
Consistency and repeatability are key factors for a research with high reliability (Yin, 2014). 
This means that if another research at a later stage would like to repeat the study it shall be 
possible to arrive at the same result and the same conclusions. Studies of this kind are in 
general difficult to repeat since the studied environment is constantly changing and the 
outcome of the results is dependent on which sources of information that are used. However, 
to increase the reliability the used method for this study is described here and the questions 
for the survey can also be read in Appendix B. 
 

3.7 Source criticism 
To constantly review and critically evaluate the collected material to ensure high 
trustworthiness and quality has been important through the entire process of this thesis. To 
build the theory section only based on information from reliable sources. It could be argued 
that only peer-reviewed scientific articles shall be used. However, with IoT and smart home 
technology being such a fairly new topic to the users and in addition being very sensitive to 
trends and changes in the surrounding other sources of data have also been found relevant. 
In those cases, it has been very important to evaluate and treat these sources carefully. Only 
known and well-established theoretical models have been applied throughout the study. 
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4 Result 
 
This chapter aim to present the collected data in a transparent way to form a foundation for 
the analysis section. Ordinary least squares regression was used to evaluate the proposed 
model and to see how well the model represents the collected data. This model is 
appropriate as it can fit a function to a set of points without requiring that the fitted function 
intersects with each point, it minimize the predicted error, and allows for construction of 
different types of easily-interpretable statistical intervals for predictions, calibrations, and 
optimizations.  
 
Table 4-1 provides a detailed description of the respondents’ demographic characteristics. 
Number of respondents, n=191 
 
Table 4-1: Demographic characteristics of the respondents. 	

Characteristics Number % 

   

Gender   

Male 116 61 

Female 75 39 

   

Age   

11-20 1 0.5 

21-30 23 12 

31-40 97 50.5 

41-50 43 22.5 

51-60 13 6.8 

61-70 11 5.8 

70-80 3 1.6 

   

Occupation   

Student 12 6.3 

Working 167 87.4 

Retired 10 5.2 

Other 2 1 
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Residence type   

Apartment / multi-family house 82 42.9 

Single house 109 57.1 

Other 0 0 

   

Single or Multi habitant household   

Single habitant / household 31 16.23 

Multi habitants / household 160 83.77 

   

Country of Residence   

Sweden 101 52.88 

Norway 60 31.41 

Rest of Europe 17 8.90 

Rest of the World 13 6.81 

   

Do you use smart home products and services today?   

Yes 107 56.0 

No 84 44.0 

 

To be able to assess the fitness and construct validity of our model we evaluate reliability, 
convergent validity and discriminant validity (Wu and Zhang, 2014).  
 
Due to heave cross loadings, several different options were analyzed and tested and based 
on the outcome Cost and Intention to Adopt 1 data were removed. Cost only had one 
question in the questionnaire which caused for low measured validity.  
 
Reliability is assessed using Cronbach’s alpha and Eigen value. The recommended level for 
Cronbach’s alpha is >0.7 (Yang, Lee and Zo 2017) and for Eigen value >1 for a reliable 
result (Kim, Park and Choi, 2017). The reliability assessment is shown in Table 4-2. The 
result in our study show that good reliability with a Cronbach’s Alfa of, 0.822 for 
individualization, 0.860 for ease of use, 0.866 for perceived usefulness and 0.939 for 
intention to adopt. 
 
To study the convergent validity for each construct, factor analysis was executed. To ensure 
convergent validity, the factor loading shall be above 0.5, the composite reliability (C.R) shall 
be 0.7 or higher and the AVE (average variance extracted) shall be 0.5 or higher (Kim, Park 
and Choi, 2017). See Table 4-3. 
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The discriminant validity is assessed by examining the square root of AVE for each construct 
and the value should be greater than the corresponding construct intercorrelations (Wu and 
Zhang, 2014).  In Table 4-3 the loadings of indicator variables are shown. The construct 
cross-loadings are shown in Table 4-4 and the correlation of the constructs and square root 
of AVE are shown in Table 4-5. When a self-reported survey is being used, as in this case, 
the common method bias should be considered (Yang, Lee, Zo 2017). The method refers to 
“variance that is attributable to the measurement method rather than to the constructs the 
measures represents” (Yang, Lee, Zo 2017). The discriminant validity was used to check for 
common method bias. Table 4-4 show the discriminant validity as that there are no strong 
cross loadings. 
 
The explained variance R2	of the constructs provides a measure of how well observed results 
are described by the model, (Yang, Lee, Zo, 2017). R2 of each construct was perceived 
usefulness 24% and intention to adopt 35%. The critical value for explained variance is 10% 
(Kim, Park and Choi, 2017), in our study the explained variance is 71% which thereby fulfill 
the condition of explanatory power of the constructs.  
 

Table 4-2 Reliability assessment  

Variables Cronbach’s alpha Eigen value 

Individualization .822 2.212 

Ease of use .860 2.346 

Perceived Usefulness .866 2.365 

Intention to adopt .939 2.050 
 

Table 4-3 Loadings of indicator variables  

Constructs Item Factor 
loading 

AVE 
(>0.5) 

Composite reliability 
(>0.7) 

R2 

Cost 1 .956    

Individualization 1 .591 .644 .836  

 2 .938    

 3 .886    

Ease of use 1 .833 .674 .861  

 2 .805    

 3 .829    

Perceived 
Usefulness 

1 .789 .682 .865 
 

.240 
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 2 .905    

 3 .781    

Intention to adopt 2 .867 .875 .933 
 

.350 

 3 .991    
 

Table 4-4. Construct cross-loadings 

 Perceived 
Usefulness 

Ease of 
Use 

Individualization Intention to 
Adopt 

Cost, 1     

Individualization, 1 ,030 -,007 ,591 ,095 

Individualization, 2 -,054 -,043 ,938 ,000 

Individualization, 3 ,058 ,048 ,886 -,013 

Ease of use, 1 ,044 ,833 -,030 ,008 

Ease of use,2 -,037 ,805 ,046 -,054 

Ease of use, 3 -,015 ,829 -,027 ,053 

Perceived 
Usefulness, 1 

,789 ,059 ,042 -,010 

Perceived 
Usefulness, 2 

,905 -,049 -,074 ,057 

Perceived 
Usefulness, 3 

,781 -,010 ,057 -,057 

Intention to adopt,2 ,015 ,040 ,020 ,867 

Intention to adopt, 3 -,020 -,033 ,040 ,991 

 

Table 4-5. Correlation of the constructs and square root of AVE 

 CR AVE Individualization Perceived 
Usefulness 

Ease of 
Use 

Intention 
to Adopt 

Individualization 0,8360 0,6440 0,8020    

Perceived 
Usefulness 
 

0,8650 0,6820 0,4870 0,8258   

Ease of use 0,8610 0,6740 0,3040 0,3670 0,8210  
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Intention to 
adopt 
 

0,9330 0,8750 0,5830 0,2838 0,2842 0,9354 

       

 
Convergent validity as evidenced by: AVE all above 0.5 and reliability as evidenced by CR all 
above 0.7. We have discriminant validity based on the square root of AVE being greater than 
any inter factor correlation on this matrix.  
 
Individualization is a significant factor that has a positive influence on the perceived 
usefulness as shown in Figure 4-1.  
 

 
Figure 4-1: Results of testing the research model for user intention to adopt smart home ecosystems 

 
 
The research model include one moderator, household composition, which looked at single 
versus multi habitant households. The size of the household had no significant impact on the 
intention to adopt. 
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5 Discussion 
 
The purpose with this thesis was to develop a theoretical model based on the literature 
known today to study the key determinants for user intention to adopt smart home 
ecosystems. Study results show that consumers’ use intention is shaped by individualization, 
perceived usefulness and perceived ease of use.  
 
The determinant with the strongest impact on intention to adopt is individualization. This is an 
interesting result since this determinant is not included in any of the theoretical models 
regarding technology adoption presented in the theory chapter. However, in the literature it is 
found that the possibility to be able to modify can be crucial for the adoption decision 
(Dodgson et.al. 2008). It might be that the presented theoretical models are mainly 
developed to look at one isolated item at a time and in those cases individualization may be 
less prominent. However, looking from an ecosystem point of view the result of our study 
indicates that individualization to the highest degree shall be acknowledged. It is clear that 
consumers know what they want and for them it is important to have a system that fulfill their 
needs; no more, no less.  
 
The result also showed that individualization also had a strong impact on the perceived 
usefulness. This is an interesting finding and can be explained by that the individualization 
approach aims to satisfy as many needs as possible of each individual (Peppers and Roger, 
1997). And the perceived usefulness looks at individuals believes that the system will support 
their needs to perform their tasks (Davis et al, 1989). Thereby, if the individualization fulfills 
the consumers’ needs, it also supports the consumers to perform their tasks.  
 
Perceived usefulness is the determinant with the second strongest impact on intention to 
adopt. This is in line with previous studies (Kim et. al 2017). This is also according to the 
literature that reports that one of the large challenges for the smart home technology is that 
people need to see the real benefit with the products, otherwise the diffusion of the 
technology will take longer time (BCS, The Chartered Institute for IT 2017). 
 
Ease of use is the third determinant which also has a statistically significant impact on 
intention to adopt. In other studies, this determinant has been reported as one of the 
strongest determinants (Venkatesh and Davis. 2000). Therefore, we thought the result 
should show stronger impact from this determinant. One explanation to this result might be 
the sample for the survey. We are both engineers in our 30’s to 40’s and we distributed the 
survey through our networks on Facebook and LinkedIn. It can be assumed that the majority 
of people answering the survey have relatively similar background as us; where there is a 
possibility that people are more interested in technology than on average basis. It might be 
that the result would have been different with another sample selection.    
 
The last determinant cost, was found not to be statistically significant and measured validity 
could not be ensured. Cost had strong cross-loading and to ensure we had a model that 
could answer our research question we had to eliminate cost from the result. One way to 
solve this could have been to include more questions in the survey related to cost or 
administer the same single item scale to the same participants at two points in time and 
correlate the scores for an estimate.  
 
Within the framework of this research, the moderating effect of the composition of the 
household on intention to adopt was not significant. In our study we had 160 respondents 
who lived in households with more than one person, and 31 respondents who lived in single 
households. This means that the sample may be too small for this kind of comparison. A 



32	
	

larger sample size would be needed to draw any conclusions of the impact of the household 
composition. It should also be considered to design the survey in another way to ensure the 
respondents are answering the survey from a family point of view instead of an individual 
point of view.  
 
Other studies have shown that results for intention to adopt innovations may vary between 
collectivistic, emerging markets and individualistic, advanced markets (Chiu and Hofer, 
2015). When we distributed the survey via Facebook and LinkedIn we did not include any 
limitations based on country. However, to facilitate generalizable finding this should be 
considered in a future study where it could be of interest to compare the results between 
different markets.  
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6 Conclusions 
This study contributes to theory in mainly two ways. Firstly, most studies so far have mainly 
focused on the technical aspects or a specific device (Yang, Lee, and Zo. 2017). This study 
has instead chosen to focus on the consumers’ and the mechanisms taking place behind the 
adoption decision. We have also chosen to execute the study from a ecosystem point of view 
taking into account the complexity of several connected devices and systems. Secondly, this 
study included individualization as one of the determinants to study. Rather than only study 
determinants collected from the well-known theories within the field of consumer adoption 
our research model integrates the field of product differentiation.   
 
Looking at the results from a practical point of view the developers and providers should 
focus on individualization, perceived usefulness and perceived ease of use to increase the 
adoption rate. Attention should be paid to acknowledge the smart home technology as an 
ecosystem consisting of a complex composition of devices and services. By considering 
every item isolated important aspect in the adoption process might be overseen.  
 
There are some limitations with this study which should be acknowledged. One of the 
limitations is the uncertainty regarding the knowledge and understanding of the smart home 
ecosystem among the respondents of the survey. In order to minimize this, we included a 
description of the definition of a smart home ecosystem in the beginning of the survey. 
However, since we did not have any interaction with the respondent before they responded 
to the survey it is difficult to fully ensure the understanding of the definition and concept. The 
questions regarding the determinants were constructed in a way so the respondents were 
asked to respond according to a 5-point Likert scale. We chose not to include a “I do not 
know” alternative to make the respondent take a standing point. However, this can be a 
potential challenge considering the respondents who is not familiar with smart home 
ecosystems. Those respondents may choose the alternative in the middle since they believe 
it is a neutral response, which then represent a potential source of error in the study. By 
including a “I do not know/Not applicable” alternative, this could be avoided.    
Another limitation is the sampling method that was used for the survey. The snowball 
sampling method requires less time and financial resources compared to other sampling 
methods and does not require extensive planning (Grenness, 2012) which were the reasons 
why it was considered useful in this case. However, the challenge is to ensure that the 
sample is a representative selection of the population in question and it is difficult to establish 
information about the sampling size (Grenness, 2012). In a future study it could be beneficial 
to consider a more controlled sampling method to ensure a representative selection and be 
able to calculate the response rate.  
 
In this study we have chosen to mainly focus on first time adoption and the mechanisms 
behind this. Nevertheless, it shall be noted that the adoption of smart home ecosystems is a 
very complex process. Considering there are so many devices and services that can be 
included, one consumer can be both an early adopter and a laggard depending on which 
item in the system we are talking about. The consumer can also be a first-time user and a 
continued user at the same time, since new items are constantly released to the market. And 
the definition of “a consumer” may not be crystal clear. From time to time the consumer may 
be an entire family where all individuals have different needs. All those aspects represent the 
complexity with smart home ecosystems which makes it a field which require further attention 
in the literature to fully be able to explore the mechanisms behind intention to adopt. 
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Appendix A - Detailed description of 
theoretical models regarding consumer 
adoption 
 
Appendix A provides a detailed description of the theoretical models described in the theory 
chapter.  
 
The Theory of Reasoned Action 
 
The Theory of Reasoned Action (TRA) was developed and designed by Martin Fishbein and 
Icek Ajzen in 1967 (Ajzen and Fishbein. 1975). TRA predicts the individual’s intention to act 
according a behavior based on the individuals attitude toward the behavior rather than by the 
individuals attitude toward a service or product (Ajzen and Fishbein. 1975). In TRA, “a 
person’s performance of a specified behavior is determined by his or her behavioral intention 
(BI) to perform the behavior and behavioral intention is jointly determined by the person’s 
Attitude (AT) and Subjective Norms (SN)” (Davis et al., 1989). The theory of reasoned action 
is illustrated in Figure A-1. 
 

 

Figure A-1: Theory of Reasoned Action (TRA), (Davis et al. 1989) 

 
Theory of planned behavior - TPB 
 
In 1985 the Theory of Planned Behavior (TPB) was introduced and has since then become 
one of the most influential models for the prediction of human social behavior (Ajzen, 1985). 
TPB is set to explain or clarify approximately all human behavior, and it has been very 
successful in explaining and predicting customer behaviors across different segment 
contexts (Davis et al, 1989). 
 
Behavioral intention is a strength indicator of a person's willingness to try to perform a certain 
behavior (Ajzen, 1991). Attitude is defined as to what degree a person makes an 
advantageous or disadvantageous assessment regarding the behavior in question. The 
second predictor, the subjective norm, which is a social factor, refers to the perceived social 
pressure to either fulfill or not fulfill the behavior (Ajzen, 1991). The third antecedent of 
intention, the degree of perceived behavioral control, refers to how easy or difficult the 
adoption of the behavior is perceived (Ajzen, 1991). The relative importance of attitude, 
subjective norm, and perceived behavioral control for predicting intention varies across 
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behaviors and situations (Ajzen, 1991). TPB is illustrated in Figure A-2

 
Figure A-2, Theory of Planned Behavior (Mathieson, 1991). 

 
Technology acceptance model - TAM 
 
TAM was the initial model that exposed psychological factors to impact consumer 
acceptance of computer and information technology and many studies have used and 
confirmed the validity of the TAM when predicting user acceptance of new technologies and 
the impact of perceived usefulness and perceived ease-of-use. The perceived ease-of-use 
and perceived usefulness has been proven to affect the user’s attitude, and behavioral 
intention towards new technologies. TAM has been used in many different contexts, for 
example when exploring the acceptance of the World Wide Web (Albert et al. 2000), to 
online travel communities and online travel purchase (Gomaa, 2016). Covering the 
acceptance of e-books among students (Chang, 2014) to research regarding mobile gaming, 
where the TAM model was extended focusing on how emotional variables plays a role in the 
acceptance of the mobile gaming (Ha et al., 2007). TAM is illustrated in Figure A-3 

 

Figure A-3, Technology Acceptance Model, (Davis, Bagozzi and Warshaw, 1989) 
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Value-Based Adoption Model - VAM 
 
The construct of intention to adopt in VAM originates from the theoretical model to explain 
the behavioral intention to use (Albortz, 2010). The perceived value is defined as the 
comparison between benefit and sacrifice, where benefit is built of usefulness and enjoyment 
and sacrifice is built of technically cost and perceived fee (Sirdeshmukh et al., 2002). VAM is 
an attempt to explain technology adoption based on TAM adding the perceived value in order 
to overcome some limitations of TAM when looking at the adoption of new ICT products and 
services (Kim et al, 2017). The Value-based Adoption Model is illustrated in Figure A-4. 

 

Figure A-4, Value-based Adoption Model, (Kim et al., 2007) 

 
Unified Theory of Acceptance and Use of Technology - 
UTAUT 
 
UTAUT can be used as a tool for managers to assess the degree of success when 
introducing new technology in an organization and also to understand what motivates the 
users to accept the new technology. UTAUT is based on eight prominent models and have 
been found outperform the eight individual models through empirical examinations 
(Venkatesh et al., 2003). UTAUT consists of four key constructs which all influence the 
employee's intention to use new technology and by that creates the two dependent variables 
behavioral intention and usage behavioral. The performance expectancy, effort expectancy 
and the social influence are set to influence the behavioral intention of the employee to use 
new technology, while facilitating conditions together with the behavioral intention impact the 
use behavior. Gender, age, experience and voluntariness of use are four moderators that 
indirect influence on the dependent variables via the four key constructs (Venkatesh, 2003). 
UTAUT is illustrated in Figure A-5. 
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Figure A-5, Unified Theory of Acceptance and Use of Technology Model, (Venkatesh et al., 2003) 

 
Unified Theory of Acceptance and Use of Technology 2 - 
UTAUT2 
 
UTAUT2 builds on theories from researchers that have found that the relationship between 
hedonic motivation and technology use is highly integrated (Venkatesh et al., 2012). 
UTAUT2 puts focus on the consumer and with this the price becomes more important since it 
is the consumer that pays for the new technology and thereby price impact the technology 
acceptance. The price impact on consumers is supported by earlier studies (Brown and 
Venkatesh. 2005; Chan et al. 2008; Coulter and Coulter, 2007; and Dodds et al. 1991). The 
third parameter added in the UTAUT2 model is habit which has been issued as another 
important predictor of technology use (Davis and Venkatesh 2004; Kim and Malhotra 2005; 
Kim et al. 2005; Limayem et al. 2007). UTAUT2 is illustrated in Figure A-6 

 

Figure A-6, Unified Theory of Acceptance and Use of Technology Model, (Venkatesh et al., 2012).
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Appendix B - Survey 
 
Appendix B shows the survey that was distributed via LinkedIn and Facebook.  
 
Smart Home System definition 
A smart home system is as defined in the image below.  

 
 
A smart home system is all or a subset of connected devices, that can connect to each other 
and communicate seamlessly. Meaning that when you come home and open your door, the 
light automatically turns on, the blinds go up and the speaker turns on your favorite song (all 
depending on your wishes). All devices are integrated and can send and receive information 
and commands to each other.  
 
Questionnaire 
 
Age (years) 

1. Free text (number) 
 
Gender 

1. Female 
2. Male 

 
Occupation 

1. Student 
2. Working 
3. Retired 
4. Other 

 
Residence Type 

1. Apartment / multi-family house 
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2. Single House 
3. Other 

 
Number of residents in the household 

1. Free text 
 
Number of children in the household 

1. Free text 
 
Do you use smart home products and services today?  

1. Yes 
2. No 

 
Intention to adopt (Yang, Lee and Zo, 2017) 
Using smart home services is worthwhile 
 
I intend to use smart home services in the future 
 
I predict I would use smart home services in the future 
 

Perceived Usefulness (Lee et al, 2007) 
I find smart home products and services useful in my daily life. 
 
Using smart home products and services helps me accomplish things more quickly. 
 
Using smart home products and services improves my chances of achieving things I find 
important. 
 
Cost (Lee et al, 2007) 
The smart home products and services are reasonably priced. 
 
Perceived ease of Use (Lee et al, 2007), (Delone and McLean, 1992), (Davis, 1989)  
It is easy to use smart home products and services  
 
It is easy to get smart home products and services to do what I want it to do 
 
It is convenient to access smart home products and services 
 
Individualization (Bardakci and Whitelock, 2003) 
How far do you agree that the higher the number of alternatives of smart home products and 
services, the more difficult your decision process gets 
 
I would prefer customizable smart home products and services because I would have the 
opportunity to change almost every detail by adding, detaching or replacing them over time 
 
I would prefer customizable smart home products and services because I could get exactly 
what I want.	


