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Abstract: The maturity of smart home technologies and wireless 
capabilities, increased accessibility through mass-market availability of 
internet is making the feasibility of the smart home more realistic. The added 
incentives to better control utilities and communications to make lives more 
sustainable, has also driven the growth in the market. This thesis investigates 
the advantages of the smart home both for the environment and user. 
Outlining opportunities for business by finding gaps in the market is to better 
synthesise products and services to improve the user experience. A literature 
review, market research and ethnographic research was undertaken to 
understand the current state of the smart home industry and identify the main 
stakeholders that impact the user. A customer journey map was created to 
visualise the user process and highlighted problem areas. A survey showed 
users were most concerned about quality, functions and saving energy and 
money. The survey perceptions on interactions with technology also shed 
light into the necessity for robust and reliable technology and adaptable 
products and services. The final outcome is a prototype model to improve 
user experience, including stakeholder influence, user needs and the 
connections between different stakeholders from pre-sale, sale and after-sale. 

Keywords: Automation, Product and Service, User Needs, User 
Experience, Smart Home, Sustainability 



ii 

 

Statement of Contribution  

This thesis was the result of teamwork completed by Sicong Ma, Prina Shah 
and Jun Che. All members made excellent efforts and contribution to the 
thesis. They collaborated on all the elements in order to synthesise their 
knowledge, experience and ideas, whilst being dedicated to specific parts 
during the writing process.  Equal contribution was made in the design and 
the development of the research conducted. Ideas were brainstormed, 
developed and discussed in detail as a team and then direction and 
responsibility was given when implementing through each team members 
strengths and interests, whilst constant communication was maintained. In 
light of this there were a few key contributions from each team member that 
we would like to acknowledge. 

Sicong Ma was a key part in keeping the thesis on track; she provided a great 
deal of focus and direction whilst conducting the research. She was able to 
help guide the design of the survey in order to derive the best results from it. 

Prina Shah was focussed on reading, understanding and summarising the vast 
amounts of information gathered from literature in order to provide a concise 
and relevant foundation to guide the teams work. She also provided great 
support in editing the final thesis. 

Jun Che was a diligent and dedicated team member. He helped give 
reasoning and logic to the team and was integral to guiding the visualisation 
of the prototype model. 

Encouragement and motivation from each other was inherent in keeping a 
great atmosphere of discovery and learning. 

Karlskrona, Sweden, 2014 

Sicong Ma,  

Prina Shah,  

Jun Che 



iii 

 

Acknowledgement 

The thesis team would like to express our heart-felt gratitude to all the people 
who have been a great help to us along the way and all those who gave us 
strong support tirelessly through all the difficulties of the transition of the 
thesis. 

We hereby express our thanks to Christian M. Johansson and Babak Kianian 
who give us guidance, direction and assistance in the beginning of our thesis 
work. 

Special thanks to our supervisor, Alessandro Bertoni, who provided 
invaluable support and guidance. His suggestions and constructive criticism 
helped us move forward. Whilst with his valued time and abundant 
experience guided and undoubtedly enriched the research we undertook. It 
was a pleasure to work with someone who gave his time and expertise so 
generously, it was truly appreciated and made the thesis an enjoyable and 
rich learning process. 

Thanks to Massimo Panarotto, Marco Bertoni, for giving us valuable 
feedback in the peer presentations. Their participation has been a great 
perspective on the thesis. 

We extend our gratitude to our shadow group, opponent group and all the 
MSPI classmates, for their assistance and support in the thesis process.  

In final, our warmest gratitude to each of our parents for what they have 
given us. The loving care, understanding and encouragement from family and 
friends, for not only our education but our passion for the subjects we are 
studying, has made the whole experience more worthwhile. Their love and 
support helped us finish the thesis. 

 



iv 

 

Summary 

Introduction 

With the maturity of smart home technologies and wireless capabilities of 
smart devices, combined with increased accessibility through the mass-
market availability of internet, the feasibility of the smart home is becoming 
more realistic. Added incentives to use the technology to better control 
utilities and communications in order to make our lives more sustainable, 
with the knock on effect of saving money and improving life quality has 
driven a large growth in the smart home. This thesis outlines opportunities 
for business, by finding the gaps in the market in order to better synthesise 
products and services offered in the smart home to better meet the user needs 
and improve the user experience. Additionally, the advantages of the smart 
home, both for the environment and user, were also investigated. 

Research Design 

In order to achieve our goals of understanding the current situation 
(development, impacts, benefits) of smart homes and create a better user 
experience, we want to articulate our guiding strategy through our Research 
questions; which are 

RQ#1: What are the advantages of a smart home both for users and 
environment? 
RQ#2: What changes to the smart home user experience would most 
improve the potential user experience? 

We accomplish the second Research question by these four sub-questions: 
1. Who are the main stakeholders and what are their impacts on the user? 
2. How well the smart home currently can meet user needs? 
3. What are the main factors to improve the smart home system to better meet 
user needs? 
4. What are the influences on user experience? 
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Methodology 

We focused on gaining a wide understanding of the current state of the smart 
home industry through a literature review, market research and ethnographic 
research. Both the literature review and market research enabled us to 
identify the main stakeholders that impact the user. In order to understand 
and identify the gaps in the current smart home that aren’t satisfying user 
needs, we posed as potential users for buying a smart home to map out the 
customer journey. For understanding the most about what was relative to the 
users we designed a survey to consider what users feel they need from a 
smart home. 

Results and Discussion 

The result of the literature review was a smart home relationship model that 
grouped the smart home into sectors, to visualise the relationships we were 
focussing on in this thesis and where the benefits and impacts lie. This model 
targets the Energy Consumption and Management sector of the smart home, 
which we have focussed on as it has obvious direct benefits to environmental 
sustainability, produces the most significant economic gains and has potential 
to be the foundation of the smart home system, to which other areas can build 
upon. The smart home impacts model also takes into account what we 
consider to have the most effect on making it viable and beneficial to the 
users and their ultimate experience.  

The result of a PESTLE analysis showed the externalities influencing the 
development of a smart home. Many external factors are positive influencers 
and should be taken into account by the stakeholders and built upon; the key 
influencing factors being environmental and energy related policy, the 
economic drivers to an expanding industry that saves consumers money and 
the social and environmental sustainability advantages resulting from better 
management of household utilities and increasing quality of life for the user. 
From the stakeholder analysis results we found that all identified stakeholders 
have relationships to the user at different levels and will all have an impact 
on the final user experience. These are the stakeholders that are the largest to 
consider in the categories we are focussed on in our thesis and thus 
improving the overall user experience: User (User needs), Designers and 
Service Providers (PSS) and Environment (Energy Management and 
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Consumption). The customer journey mapping provided an opportunity to 
identify the gaps in the current smart home purchasing process, findings 
which showed that the pre-sale was the time that customer feel most 
uncertain and stressed. However, post sale the smart home has the potential 
to cause problems to the user experience if it doesn’t synchronise with their 
current lifestyle and add value to it. 

The survey results provided a considerable amount of information about what 
the potential customer wants, involving 105 respondents. Results showed the 
highest value is given to the tangible aspects of the smart home; the functions, 
quality, whether the product can save energy and money; whilst the 
sustainability perspective is taken into account as a by-product of the smart 
home, therefore it is not highly valued highly as such. Potential users felt that 
they need to be supported by clear information about the technology and how 
to best leverage its benefits in order to make their experience better. 

The culmination of the research was design challenges, which represent the 
needs and areas with the most opportunity for stakeholders’ improvements 
that were identified in the user experience. The actions are our 
recommendations that we believe to be stepping stones in the right direction 
towards creating a better user experience. The final outcome is a prototype 
model to improve user experience, including stakeholder influence, user 
needs and the connections between different stakeholders from pre-sale, sale 
and after-sale. 
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Glossary 

Customer Journey Mapping: A process that present the user’s service 
experience recording the customer’s journey at each step of their interaction. 
It provides a map of the interactions and emotions that take place throughout 
the journey. 

Cloud Computing: A computing method which based on the Internet, in this 
way, the shared software and hardware resources and information can be 
provided to computers and other equipment as needed. 

Energy Consumption: The consumption of energy or power and the amount 
of energy consumed in the form in which can be used by the user. It does not 
include electrical generation and distribution losses. 

Home Automation: The use of technology both hardware and software to 
control basic home functions automatically. 

Internet of Things (IoT): The network that contains embedded technology 
(wireless technologies, micro-electromechanical systems and the internet) to 
automatically transfer data, communicate and sense or interact their status. 

JMP: Software that provides a comprehensive repertoire of functions for 
quickly and easily getting value from metric and nonmetric quantitative data. 

Jevons Paradox: A paradox that states, as technology progresses, the 
increase in efficiency with which a resource is used tends to increase the rate 
of consumption of that resource. 

Moore’s Law: The number of transistors incorporated in a chip wills 
approximately double every 24 months, thus processing power doubles 
especially relative to cost or size. 

Product-Service System (PSS): A system of tangible product and intangible 
service and the supporting networks and infrastructure needed to deliver in 
order to increase value for the user and aim to better satisfy their needs. 
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PESTLE analysis: A tool that can analyse the external Political, Economic, 
Social, Technological, Logical and Environmental factors that impact a 
project, organisation or industry. 

Sustainability: A state in which people can live within the capacity of socio-
ecological systems, without compromising the needs of future generations. 

Smart Home: A combination of products, services and systems that uses the 
communications network through different devices, intelligent controls to 
manage the system, sensors to collect information and smart features. 

User Experience: Encompasses all aspects of the end-user's interaction with 
the company, its services, and its products. 

User Needs: The innate requirements that must be satisfied for user in order 
to appropriately and sensitively design a product, service or system. 
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1 Introduction 

Technology has long since offered the promise of a better life. This is never 
truer than if we look at how our home has been transformed by innovations 
over the past century, in order to make our lives more comfortable and 
convenient. The evolution of home automation into the smart home concept 
has been anticipated for a long time but the transition has been slow and as 
such the reality of the smart home is still very much in its infancy.   

However, with the maturity of smart home technology and wireless 
capabilities, combined with increased accessibility through mass-market 
availability of internet, the feasibility of the smart home is becoming more 
realistic. The added incentives to use technology to better control utilities and 
communications in order to make our lives more sustainable, has driven a 
growth in the energy management and control areas of the smart home 
(Geelen, Reinders, & Keyson, 2013). In parallel to this, increasing awareness 
surrounding environmental issues is driving policy in many countries, in 
favour of reducing impacts from carbon emissions and resource usage. The 
exponential growth of our global population alongside the dramatic rise in 
the proportion of elderly people is also putting an increasing pressure on 
healthcare systems (Mechanic, 1999). Combined with the constant 
metamorphosis of how we obtain media and entertainment via electronic 
devices within our home is creating a fertile ground for the smart home 
industry. In light of these factors, unprecedented growth is expected in the 
next decade; according to a study by global technology trend forecasters, by 
2017 ninety million homes around the world will have some form of home 
automation system in place (ABI Research, 2014). Though many people are 
still sceptical about making the leap to a smarter home and whether it will be 
able to fully meet the user’s needs. Therefore the question remains, what can 
be done to make the value proposition better for the user?  

 

 



2 

 

1.1 Thesis Aims  

This thesis outlines opportunities for business by finding the gaps in the 
market in order to better combine products and services in the smart home to 
better satisfy the user. It is intended to foster a common understanding of the 
smart home market drivers and developments and the associated challenges 
for companies. Exploring the capabilities of the smart home and the 
technological ecosystem that will be crucial for enabling companies from 
home security, utilities, and health and entertainment industries to design and 
deliver viable and valued smart home services. Addressing the consumers 
desire to manage their home environment; by for example increasing 
convenience, saving money and reducing their energy consumption, 
ultimately aiming to enhance their experience and add layers of value. The 
thesis frames a prototype model for increasing the user experience and by 
doing so can accelerate market development.  

In order to achieve our goals of understanding the current situation 
(development, impacts, benefits) of smart homes and create a better user 
experience, we want to articulate our guiding strategy through our Research 
questions; which are 

RQ#1: What are the advantages of a smart home both for users and 
environment? 
RQ#2: What changes to the smart home user experience would most 
improve the potential user experience? 

We accomplish the second research question by these four sub-questions: 
1. Who are the main stakeholders and what are their impacts on the user? 
2. How well the smart home currently can meet the user needs? 
3. What are the main factors to improve the smart home system to better meet 
the user needs? 
4. What are the influences on user experience?  
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1.1.1 Thesis Objectives 

Research Questions Thesis Objectives 

RQ #1 Understanding the current situation of smart 
home technologies in order to derive multiple 
benefits for the user, environment and 
business. 

RQ#2 Improving the user experience by exploring 
what value can be derived from better 
synthesising the smart home system. 

Table 1.1 Thesis Objectives 
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2 Research Context 

This section discusses the theoretical basis behind our research approach -
Product-Service Systems. Product-Service System (PSS) is explained, 
detailing the potential benefits of a PSS approach and how it is developed. 
The sustainability relevance to our research and the smart home system is 
also detailed. 

2.1 Product Service Systems 

A product-service system is an integrated product and service offering that 
delivers increased value to the user and aims to better satisfy their needs. In 
this paradigm, products and services are designed to deliver the customer 
value rather than just the functionalities (Roy & Baxter, 2009). One of the 
major objectives of PSS is to generate better overall revenue across the life 
cycle of a product, whether that is tangible value (e.g. financial savings) or 
intangible value (e.g. user experience) (Hubert C.Y. Chan & Chan, 2013). If 
designed appropriately, PSS solutions could also have a number of positive 
effects on sustainability, for example reducing resource consumption and 
environmental impact. 

The spectrum of possible PSS offerings is commonly split into three 
categories; service orientated at one end and product at the other. Manzini & 
Vezolli (2002) define each as: 
 
Product: a tangible commodity manufactured to be sold, which can satisfy 
the customer needs. 
Service: an activity (work) done for customers with an economic value and 
often done on a commercial basis. It is contrasted with product. 
System: a collection of elements involved in the entire process, also 
including their relations. 



5 

 

 

Figure 2.1 Product Service System (Baines et al., 2007) 

However, with a concept such as the smart home the lines can sometimes be 
blurred as to which category it would fall into, especially because the ‘smart 
home’ encompasses both products and services, thus various business models 
exist. Smart home products are essentially implementing technologies, 
mainly –but not exclusively- through hardware and software. Smart home 
services use information and communication technology for proposing, 
realizing and recovering services to improve the smart home user experience 
(adapted from Maglio et al. 2009). The concept of PSS is fundamentally to 
make current business models more sustainable. Part of the smart homes 
allure is to also increase sustainability in the home. This thesis focuses on the 
user experience by proposing a method for identifying opportunities to 
combine service and product, in order to leverage the potential of smart home 
thus deriving the sustainability value inherent in the concept whilst 
simultaneously increasing uptake and value for the user. 

2.1.1 User Needs 

A PSS is the result of the interaction between different actors and 
technological elements during the use phase. Several aspects of the 
development of such systems are related to the discipline of design, from the 
analysis of technological potentials to the investigation of users' behaviour 
and attitudes with respect to new products, technologies, and services 
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(Morelli, 2008). As such, user needs and human factor considerations are 
increasingly being incorporated into the design process. Users are seen more 
as being important factors in the overall look and usability of products, then 
just as passive users (Jordan, 2002). The shift to treating users as cognitive 
and physical components of the product service or system, with the end goal 
of providing something that better meets the user’s ‘needs’. 

Inadequate comprehension of user needs and poor demands for products and 
services to be used in smart homes are partly explained by the fact that the 
industry tends to be dominated by suppliers providing a technology-push, 
rather than a demand-pull approach, causing user disappointment (Chan, 
Campo, Estève, & Fourniols, 2009). Therefore understanding user needs is 
essential in order to appropriately and sensitively design products services 
and systems, to fully realize the opportunities technology brings and create a 
better user experience. 

2.2 Sustainability 

There are many definitions for sustainability; one that is widely accepted is 
by the Brundtland Commission that states that “Sustainable development is 
development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs.” (Brundtland, 2014) 
IUCN, UNEP and WWF define it as “improving the quality of human life 
while living within the carrying capacity of supporting ecosystems” (Caring 
for the Earth, 2014). Thus it combines environmental, social and economic 
concerns; and organisations and industries like the smart home are beginning 
to realise the opportunities to leverage sustainability to not only improve the 
lives of humans but also make a case for business (Van Halen, Vezzoli & 
Wimmer, 2005). 

There has generally been recognition of three aspects of sustainable 
development as stated by Holmberg ed. (1992) and Reed ed. (1997): 

• Economic: An economically sustainable system must be able to produce 
goods and services on a continuing basis, to maintain manageable levels of 
government and external debt, and to avoid extreme sectorial imbalances 
which damage agricultural or industrial production. 
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• Environmental: An environmentally sustainable system must maintain a 
stable resource base, avoiding over-exploitation of renewable resource 
systems or environmental sink functions, and depleting non-renewable 
resources only to the extent that investment is made in adequate substitutes. 
This includes maintenance of biodiversity, atmospheric stability, and other 
ecosystem functions not ordinarily classed as economic resources. 
• Social: A socially sustainable system must achieve distributional equity, 
adequate provision of social services including health and education, gender 
equity, and political accountability and participation. 

Sustainable development -and the role of technology in driving it- is a subject 
of enormous complexity that has been written about in countless publications. 
In this thesis, we do not attempt to reinvent the existing body of work with an 
in-depth discussion of the definition and goals of sustainable development in 
relation to technology. Rather, this thesis focuses on the potential of smart 
home technology to be harnessed and used appropriately as an effective tool 
to help society become more sustainable. 

Huge direct and indirect environmental impacts are associated with the ways 
we operate and maintain buildings. Buildings currently account for 40% of 
primary energy consumption in most countries, and are also a significant 
source of carbon dioxide emissions (IEA 2014). Growth in population, 
increasing demand for buildings and better standards of living assure the 
upward trend in energy demand will continue (Pérez-Lombard, Ortiz, & Pout, 
2008). Space heating and cooling is the most significant component of 
household energy demand. However, it is also the demand for electricity 
from appliances that has increased most rapidly in percentage terms in recent 
years (increase of more than 21 % per dwelling since 1990) (European 
Environment Agency, 2011). Thus, improvement of the environmental 
aspects of buildings and building activities can make an important 
contribution to environmental sustainability. 

We spend 90% of our time indoors (OECD, 2002). As such, the indoor 
environment is directly related to well-being; the happiness and health of the 
occupant. Controlling factors including air quality, temperature and daylight 
inside a building all play a significant role in maintaining the indoor 
environment (Bluyssen, 2013). With the increasing pressure of busy lifestyles, 



8 

 

factors such as comfort and convenience are becoming increasingly 
important to people. The buildings we inhabit should therefore be able to 
meet our changing needs and requirements. They should be ready for the 
future, adaptable to ‘new drivers’ such as climate change, the change towards 
a multifunctional and diverse society (Bluyssen, Oostra, & Meertins, 2013); 
in order to help ensure productive, comfortable and healthy societies. 
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3 Methodology 

The methodology for collecting and analysing the relevant research to answer 
the research questions is discussed in this section. 

The thesis combines inductive and deductive research approaches in order to 
achieve the mixed methods model approach as stated by Tashakkori and 
Teddlie (2003). Combining quantitative and qualitative data collection 
techniques and analysis procedures to allow better evaluation to the extent to 
which the research findings can be trusted and inferences made from multiple 
perspectives and variables that affect the user experience. 

We first focused on gaining a wide understanding of the current state of the 
smart home industry through a literature review, market research and 
ethnographic research. The market research enabled an analysis of the 
commercial manifestation and current offerings of the smart home for the 
user. Both the literature review and market research enabled us to identify the 
main stakeholders that impact the user. Following this we did a survey of 
society (with the view that everyone could be a potential user), in order to 
provide evidence for the understanding provided by the previous research we 
had done and identify; 

Who? - Where does the main interest of this market lie 
What? - What the potential user needs and desires are 
How? - What they value and prioritise when it comes to a smart home 
Influence? - What affects the user experience 
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Figure 3.1 Research Methodology and Results Diagram 

3.1 Research Design 

Through this process we were able to gain a holistic view of the smart home, 
in order to identify the gaps in the current smart home that aren’t satisfying 
user needs in order to make suggestions that will provide a better user 
experience. 

3.1.1 Literature Review 

There is extensive published research into the smart home concept and its 
various manifestations. As the primary interest for this thesis is how to 
improve the market as it is now we consequently had to use gain a theoretical 
understanding of the smart home from online research and journals in order 
to analyse any research conducted by companies or independent bodies with 
a wider and unbiased perspective of the whole system. 

Research from journals was from various different countries, however all 
literature was in English. The information collected from the literature review 
presented the general smart home platform and the variety of possibilities it 
proposed. However, research conducted by companies and independent 
bodies tended to be from Europe or America, where the smart home market is 
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relatively larger and more established according to market research (Allied 
Market Research, 2014). 

3.1.2 Market Research 

To compliment, reinforce and validate our findings from the literature review, 
we created a matrix of various companies (see Appendix A) and their product 
and service offerings. Alongside this we noted the country where their main 
market is and their customer base (individual, property developer, nursing 
home etc.) in order to understand who they were targeting.  

PESTLE Analysis and Stakeholder Analysis 

To understand how the external factors affect the current smart home market, 
we conducted a PESTLE and stakeholder analysis, with the companies in the 
matrix as business models we could relate to. This research was done in order 
to contribute to answer RQ#2 and provide a better perspective to understand 
the current smart home industry and its future development. Ultimately 
allowing us is to further analyse the stakeholders that impact the user and 
could influence their experience.  

Customer Journey Map 

A customer journey map is a commonly used service design tool to help the 
designer understand and improve the customer experience. It is best 
summarised as an “oriented graph that describes the journey of a user by 
representing the different touch points that characterize his interaction with 
the service” (Service design tools, 2014).  

In order to generate a customer journey map for the smart home customer 
experience, we went through the process of buying a smart home by posing 
as a potential customer. This was done in order to visualise the experience 
and better understand the decision making process. First, in depth online 
research of the brands used in our market research was conducted. It was 
decided to focus on the business model offerings of Verisure, as they were 
located in Sweden and were easier to contact. The process of creating a 
journey map was a basic way to understand the user perspective as well as 
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finding the gaps in the current business model, which could help find an 
opportunity to generate improvements. The process to create the customer 
journey map is as follows: 

1. Define the buying process journey into distinct stages.  
2. Define our expectations of each stage into a clear statement.   
3. Brainstorm a list of goals for each stage. 
4. Begin the process as if setting out to buy a smart home for the first time; 
note down thoughts and feelings at each stage. 
5. Make recommendations. 

3.1.3 Survey 

The current smart home as understood by users is very different to the one 
proposed by companies. In order to get the most information about what was 
relative to the users we designed a survey to better understand what users 
want from a smart home. The survey would support our findings from the 
market research and customer journey map in order to answer the second 
research question: 

What changes to the smart home user experience would most improve 
the potential user experience? 

The full survey can be found in Appendix B.  

Survey Design 

The goal of the survey was to provide evidence for the users’ needs and 
validate our findings to answer our sub research questions from the 
perspective of the user; 

Who? – Where does the main interest of this market lie? 
What? - What the potential user needs and desires are? 
How? - What they value and prioritise when it comes to a smart home? 
Influence? - What affects the user experience? 

The survey was primarily designed to identify the perceptions of potential 
users, their desires and needs. We specifically wanted to better understand 
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what they feel the smart home should offer them and what they value when 
making such an investment. We would analyse their responses in order to 
identify ways to strategically improve the smart home experience (pre-sale 
right through to after-sale) for the user. 

It is interesting to note that we did not ask whether the survey respondents 
owned their own house. Making the decision that the smart home should be 
something not restricted to homeowners. People also perceive the term 
‘smart’ differently as there is -as yet- no common measure of ‘smart’. For 
example there are ‘smart’ televisions, which are not smart by our thesis’ 
definition, and therefore in order to find out how users want ‘smart’ 
technology to improve their lives and avoid a miscommunication very basic 
examples were provided in the survey. 

The survey is designed with three main sections: 

1. Demographics Section 

Aim to collect and analyse basic information of the respondents and 
understand their current situation. We set questions regarding their age, 
gender, work situation, and interest and ability in technology. 

2. User Experience Section 

a. Aim to find the current ownership of technological products that the 
respondents are using, which could provide information of the uptake of 
internet and electronic devices. 
b. Aim to understand what the respondents’ value and by association what 
they need when buying technology. 
c. Aim to discover what would affect the user when using products. 

3. User Need Section 

a. Aim to understand what level of control the respondents would prefer in a 
smart home. 
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b. Aim to discover the respondent's habits and experience of using 
technology, which could show what products and services they think would 
make their experience better. 
c. Aim to find what the respondents value by using a smart home and thus 
what they desire. 
 

Survey Deployment 

The survey comprised of 12 questions, administered via the online survey 
platform SurveyGizmo. The survey was distributed via Facebook and Email 
and was open to anyone worldwide from April 3 to April 15, 2014. 

Survey Characteristics 

As there is no specific system that constitutes a smart home, there are no 
specific users that we are targeting. Due to the broad definition of the smart 
home in this thesis as the encapsulation of products and services in any 
number of ways, therefore depending on the type and level of smart home 
they invested in, there would be different types of users. Therefore all the 
survey respondents are considered potential users. 

Survey Limitations 

Despite the fact we were not working with a defined system, therefore there 
is no specific target user, it has to be highlighted that we did not contact any 
real users. 

In addition, we had distributed the survey online and through email, and as 
such may not have reached all demographics, such as older people or people 
who are not part of Facebook. It must also be acknowledged that people who 
do not use technology or have no internet connection could also not be 
represented fairly in the survey. 
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4 Literature Review 

The Literature Review intends to provide an overview of the current smart 
home industry and show the developments and trends that are forecast; 
subsequently highlighting why the growing interest in the market is justified 
from both an environmental and social perspective. 

Firstly, an understanding of the history of the smart home and what has 
facilitated the industry to grow in the past few years was developed. Putting 
into context the reasons for a smart home enabled a better understanding of 
what was shaping the industry.  There is a large body of research on the 
benefits of the smart home for the environment and quality of life for the user 
from the perspective of sustainability, as our intention is not to validate them, 
we had to justify the most applicable to our thesis. Reviewing the relevant 
existing literature on the solutions to help overcome the barriers and 
limitations to market development. The synthesis of our findings from the 
review will provide an overview of how to implement these various 
technologies to better satisfy the user, maximizing the benefits for 
sustainability. 

A problem with the term “smart” in this case is the lack of measurements for 
the smartness of a system (Blumendorf, 2013). Recognizing that the smart 
home is a generic term for a combination of products, services and systems; 
as such can mean different things to different people. Therefore there are a 
number of different approaches and applications of the smart home concept, 
thus we will provide a working definition focused on the user; looking at the 
smart home through the lens of environmental and social sustainability. 

4.1 Development of Smart Home 

The smart home can be seen as the latest addition to a family of ideas 
emerging in relation to the application of ICT in the home. The concept of 
the smart home is thus just one among many belonging to a large group of 
concepts such as the home automation, the networked home, the intelligent 
home and the digital home (Miles, I. eds. Sørensen, K.H. & Berg, 1991). 
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The types of products and services a smart home provides may be categorised 
based on the users’ needs they target or types of technical applications (Chan, 
Campo, Estève, & Fourniols, 2009). A spectrum of offerings has been 
grouped into three broad, overarching yet interconnected categories (Figure 
4.1): energy consumption and management; safety; and lifestyle support. 

 

Figure 4.1 Smart Home Areas (adapted from Balta-Ozkan, Davidson, Bicket, 
& Whitmarsh, 2013) 

Home automation failed to capture the imagination of the general public and 
find a place in homes; hampered by technological complexity, the prohibitive 
cost of devices dedicated primarily to comfort use and low perceived added 
value for customers. However, the rise of environmental issues and 
awareness combined with concerns about resource availability and energy 
prices has led to a revival of the “smart home” concept. The increase in life 
expectancy and the growth of the older adult population, rising healthcare 
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costs and the desire of individuals with chronic conditions to remain 
independent at the residence of choice (Demiris & Hensel, 2008), has also 
meant the potential of the smart home is being realized by other industries 
such as healthcare.  With the foundations of basic communications and 
entertainment systems already apparent in many households, not inherently 
‘smart’ by definition, never-the less these technologies have been converging 
to ‘smart’ capabilities through the years (Hartog, Suters, Parsons, & Faller, 
2010) and can be seen as the gateway to encouraging this movement. 

4.1.1 Drivers to Smart Home 

The following are what we have found to be the main drivers to the smart 
home; 

Accessibility 

The advancements and availability of high speed internet and the wide 
adoption of wireless devices such as smart phones have increased the 
possibility for communications. With the penetration and improvements in 
speed and reliability only increasing, the added benefits for the smart home 
being there does not require any costly infrastructure to current buildings and 
the market is already primed. The market penetration of internet and mobile 
phones is growing exponentially. Taking the example of Europe, over 99.9% 
of European homes can have access to broadband internet of at least a basic 
quality (Eurostat, 2013) and in 2012 72% of households have a broadband 
connection, compared with 30% in 2006 (Eurostat, 2013). The improvement 
and growth of Wireless Internet (Wi-Fi) is connecting a wide range of 
household items to the internet and as such increasing control, breaking down 
physical and virtual boundaries, improving remote access and increasing 
service and reliability (Homes et al., 2012). 

Maturity of technology 

Technology has becoming cheaper, more reliable and above all more user 
friendly. Despite this, technological silos still remain between different home 
environments and many technologies operate on different ecosystems (Yan, 
Qian, Sharif, & Tipper, 2013). The development of technologies and 
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standardized protocols is reducing this complexity. With the wider industries 
who supply electric home appliances acknowledging a network architecture 
that is flexible and adaptable to the consumer’s changing needs and 
environment is necessary (Association of Home Appliance Manufacturers, 
2010), in order to successfully enable the opportunities presented by the 
smart home. 

The declining costs and size of the relative technologies has allowed easier 
integration into the physical world all around us. The cost of storing and 
managing the vast amounts of data generated continues to decline with the 
rise of cloud-based data stores (Zhang, Zhang, & Zhang, 2010). However, it 
is the improvements in the analytics of the data that get turned into useful 
information and applications that ensure optimization for the user that has 
seen the most effect on the smart home. 

In addition, the simplification of interfaces and platforms, ease of adapting to 
current technology (through similarities in interfaces and platforms) has 
meant the user is able to more easily accept new technologies into their 
home. 

Policy 

Governments are realizing the need to act and make provisions for the future 
by facilitating electric-grid modernization, bringing about the rise of the 
‘smart-grid’. An overview of policies in pioneering countries shows that 
governments are realising the need to accommodate the distribution of 
renewable energy, increasing demands of a digital society, threats to 
infrastructure security and concerns over global climate disruption (Brown & 
Zhou, 2013). Smart-grid policies and improvements to infrastructure as a 
result are facilitating the development and ease of implementation of smart 
home technologies. 

Encouraging the development of the smart home market has been done 
through initiatives such as the European commission setting an 80% target of 
homes to be equipped with smart meters by 2020 (Hierzinger & Scott, 2013). 
With the issues of data privacy and security also being taken very seriously 
and addressed by new legislation being drawn, for example in the U.S 
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Consumer Privacy Bill of Rights (The White House, 2012) is being 
established to protect the consumer and keep them safe. 

Investment into the future of healthcare and care for the elderly is being done 
with much impetus being placed on the prospect technology provides into 
guaranteeing accessibility, quality and financial viability for aging 
populations. Frameworks are being implemented, for example in Scotland 
where their e-Health strategy is helping to shape policy and supporting 
sustainable remote and rural health services. The importance of policy on 
such a heavily regulated sector cannot be stressed enough, in order to 
maintain the integrity and benefits of technology and scale it up. 

Cross Sector Collaboration 

The proliferation of initiatives and partnerships around the smart home, 
involving major players in the utilities, telecommunications and IT 
integrators (Clinckx, 2013) has not only created a cross-sector pollination of 
services, it has enabled the consumer to better understand the context of 
smart home products and services. 

4.1.2 Trends 

The following are what we have found to be the trends that are developing, 
which are highly relevant to the smart home; 

Internet of Things and Cloud Computing 

The Internet of Things (IoT) was formally “born” between 2008/9 when the 
number of connected devices exceeded the number of humans on the planet 
(Telit, 2014). 

Previously device domains were decoupled, the television was for 
entertainment, the telephone for communications as shown in Figure 4.2 
(left).  Through an increased demand for inter-domain interoperability to 
enable these various different domains to essentially talk to each other, more 
and more devices have become internet enabled. 
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Figure 4.2 Convergence towards Smart Houses (Hartog et al., 2010) 

The IoT is the network formed by objects with defined identities (e.g. a 
television), connected via the internet, exchanging data with other objects, 
users or systems (Figure 4.2 right). In the IoT, “things” are expected to 
become active participants in business, information and social processes.  
Maurizio Salvi (2012) described it as the ‘interaction and communication 
among products and with the environment, exchanging data and information 
“sensed” about the environment, while reacting autonomously to 
“real/physical world” events influencing it, by running processes that trigger 
actions and create services with or without direct human intervention’. The 
IoT lays the foundations for the smart home to gather pace, it can have a real 
impact, empowering the smart home and greatly affecting future value added 
services (Karnouskos, 2010). 

To enable the processing of the mass data generated by IoT is through cloud 
computing implementation (Telit, 2014). This refers to a distributed 
computing system shared between different users as shown in Figure 4.3. The 
concept of cloud computing focuses on maximizing the effectiveness of 
shared resources by allocating them dynamically based on demand. 
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Figure 4.3 Cloud Computing provides an intelligent platform (Global 
Electronics Industry, 2010) 

Devices in the home are connected to the cloud, enabling data to be 
aggregated and new intelligence to be created, thus enabling the user to 
derive the most benefits out of a much larger system. 

Humanising Design 

The challenge of human-centeredness is to extend the notion of human-
machine symbiosis to varieties of human-human and human-machine 
relationships and networks of relationships. This means moving beyond the 
age of ergonomics and human factors, human-computer interaction, and 
cognitive performance of the individual user (Gill, 1996). It is this notion that 
is helping embed smart systems into society, for example smart devices such 
as phones are striking the balance between functionality and personalization. 
They are welcomed and integrated seamlessly in layers of the users’ life, 
giving them ultimate control whilst maintaining a balance of automation. 

Optimization, suggested by analysing and interpreting data in real-time that is 
generated by the smart home is being supported by empathic hardware and 
software design that enhances the user experience and engages them to take 
action -or automatically to initiate a new process that is beneficial. There is a 
trend towards hardware that is user friendly and can be adjusted and 
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personalized (ITMB, 2014). This is particularly relevant when users are not 
familiar with the new platforms that are being introduced. In order to achieve 
intelligence and automation the data generated by the smart home needs to be 
captured, analysed and visualized or implemented in such a way that it is 
appropriate for the user needs. However, in order to realise the capabilities of 
smart products and services, having easy to understand, engaging systems 
and interfaces is making the face of technology more endearing to the user.  

4.2 Smart Home Challenges 

It has been shown by Balta-Ozkan et al. (2013b) that perspectives of barriers 
and limitations to a smart home vary widely from an expert perspective and a 
user perspective, and as such can show what the different stakeholder values. 
In light of findings from various studies into the current challenges of a smart 
home, they were categorized into the following barriers that need to be 
addressed in order for the smart home industry to become widely accepted. It 
is acknowledged that many current limitations are due to the technology and 
limited infrastructure of the various systems, and as such we have made the 
assumption they will diminish over time, as proposed by Moore’s Law. 

4.2.1 Technological Barriers  

Interoperability 

Interoperability is the ability of diverse systems to work together, and in the 
case of the smart home it requires multiple devices to be able to communicate 
with each other, exchange information and work cooperatively to perform 
tasks. However with different device manufacturers currently favouring 
different types of networks and communications protocols an array of 
ecosystems exist as extensively shown by Hartog et al. The lack of 
standardization for data transmission, collection and storage technologies 
(Kailas, Cecchi, & Mukherjee, 2012), is thus preventing the emergence of a 
reliable and consistent ecosystem. 
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Reliability and Robustness 

Technology is not always reliable; technical problems will always exist. 
Being able to fully rely on the smart home system is therefore currently not 
possible and this problem is extenuated with different standards and thus 
different tolerances for technical errors. For example, boiler designers and 
home computer developers work under different assumptions about the 
appropriate tolerance level for crashes. Combining the two different products 
introduces room for complications; otherwise insignificant malfunctions in 
the home computer could potentially cause dangerous malfunctions in the 
boiler it is networked up to (Friedewald, Costa, Punie, Alahuhta, & 
Heinonen, 2005). 

4.2.2 Social Barriers 

Usability 

In order for smart home technology to functionally satisfy the user there is a 
harmony that needs to be established between the level of automation and 
difficulty of operability.  Currently systems are either too complex (hard to 
understand, manage and use) or do not have the required level of automation 
as shown in Figure 4.4. Therefore ‘smart home’ technology can be inhibiting 
to the user as they are required to adapt to the technology (rather than the 
other way around). 
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Figure 4.4 Landscape of current smart home Solutions (Eckl & Macwilliams, 
2009)  

Inference in the presence of ambiguity 

The level of inference required is highly difficult to predict (Edwards & 
Grinter, 2001), as such the systems often lacks the ability to know its own 
level of control and involvement in the users life. The ‘smart home’ promise 
of intelligence requires decisions to be made on behalf of the user, however 
this often leads to having either too much control or not enough; and 
currently the technology has not been able to make the leap to deal with 
unpredictability. This presents challenges for the user in knowing their level 
of input required, and as such designing the appropriate level of control of the 
system (Hwang & Hoey, 2009). 

Security and Privacy 

While some experts viewed security as a technical problem with simple 
solutions, others saw privacy as the most challenging risk to smart home 
development (Balta-Ozkan, Davidson, Bicket, & Whitmarsh, 2013a). The 
smart home needs to collect information about the user in order to function. 
Therefore, ensuring the security of private data and preventing sensitive 
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information getting into the ‘wrong hands’ is a priority as the user needs to 
trust that their personal information is not a threat or being misused. 
Ambiguity about data privacy has caused a lack of trust in society; it is 
unclear how much data is being collected and stored, what it is being used for 
other than its intended purpose and whether it is safe. 

With the increasing interconnected landscape of the smart home and the use 
of cloud computing the risk of being ‘hacked’ is greater than ever before. As 
such, concerns about personal security also remain. Having a ‘smart home’ 
entails having a system that is connected to the internet, thus is open to 
security threats and making the home more vulnerable to unauthorised access 
and violations of personal data privacy. 

Cost and Value 

Quantifying the value of a smart home in terms of improved life quality is 
very hard for the consumer to conceptualize until they actually implement 
and use the technologies.  The value is also often not fully understood by the 
user as the benefits are variable depending on the individual’s ability to 
realise and maximise on the technology, yet be aware of its current flaws and 
limitations (e.g. cannot deal well with unpredictability). This also references 
the paradigm of new technology being used for its intentions and how the 
user actually uses it (Edwards & Grinter, 2001), and as such not fully gaining 
the benefits intended by the technology or in contrast obtaining new or 
different uses for it. 

The tangible value is often understood through for example monetary savings 
made from improved energy efficiency and reducing resource 
usage.  However, the smart home currently has several business models and 
as such a multitude of relative costs, which are often confusing to 
comprehend and justify the end value to the user. High upfront investments 
still remain for the smart home and for the majority of society are not 
attainable (Chan et al., 2009).  



26 

 

4.3 Effects of a Smart Home  

This section aims to highlight the impacts with regards to sustainability. 
Intelligent home automation technology is becoming synonymous with 
sustainability as it has many positive impacts on the environment, society and 
economy. The smart home should theoretically have a much lower overall 
environmental impact than a traditional home (without smart features) 
because in addition to improving life quality, the home will systematically 
manage energy consumption and control the home to make it more efficient, 
comfortable and convenient for the user. 

4.3.1 Environmental Impacts 

Making ‘smarter’ choices in the home can reduce the pollution and 
degradation of valuable natural resources, and the amount of waste (e.g. 
water). Most of today’s electrical energy is produced using CO2 emitting 
fossil fuels combined with the direct usage of fossil fuels e.g. natural gas in 
the home, contribute to global warming (Smarter Homes, 2014). The smart 
home is a solution to reducing all these stresses on the environment by 
significantly lowering our inputs and making the house more efficient thus 
having a direct effect on our outputs. 

A simulation conducted by Siemens building technology experts in 
association with Lucerne University of Applied Sciences and Arts showed 
that: 

- Lower utility/service charges and energy savings of up to 30% without 
reducing the level of comfort. 
- A single installed system can save 4 tons of CO2 per year compared to a 
home without automation (based on the gas heating in 100 m2 apartments) 
(Siemens Global Website, 2014).  
 
According to the International Energy Agency (IEA), 19% of global 
electricity generation is taken for lighting. A worldwide switch to efficient 
lighting systems would reduce the world’s electricity bill by one tenth, 
(Smart Home USA, 2014). If a household installs an occupancy sensor which 



27 

 

can turn lights and standby power from electronic appliances off when a 
person leaves the space that can save up to 20% on lighting electricity 
(Energy Monitoring, 2014).  

4.3.2 Social Impacts 

Today the biggest challenge is to help people not only to live longer, but also 
ensuring their health and a good life quality are maintained. According to the 
SIEMENS Synco living report (Siemens, 2014), they showed the social 
benefits as following: 

 Increasing Comfort 
Smart home living can create the optimal cosy room climate and flexible 
system, such as controlling individual rooms, control of heating/cooling/air 
conditioning, long range control etc. 

 Enhancing Convenience 
The user can integrate electrical installations and devices to make daily life 
conveniently operate everything more easily, such as control of lights and 
blinds, switching electrical appliances etc. 

 Improving Security 
Integrating safety and security components into the home system will 
improve safety and efficiency, such as smoke detection, window/door 
monitoring etc. 

4.3.3 Economic Impacts 

In the past, the term “smart home” conjured up images of expensive home 
improvements and high-tech gadgets that were exclusively for people who 
could afford them. However, with the emergence of wireless technology and 
the maturity of ‘smart’ technology, accessibility has increased. Additionally, 
the new smart home technologies are ‘plug and play’ or easily installed, 
which means they do not require any major renovations to the home.  

The monetary savings made by the user will eventually mean the system pays 
for itself (e.g. insurance, monitoring, air conditioning, heating, lighting) the 
long term effect becomes significant (Clean Technical, 2014). For example, 
smart homes are dry year round, decreasing moisture and mould damage. 
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This will reduce the amount of maintenance required, saving time and money 
(One Touch, 2014).  

4.3.4 Negative Impacts 

Researchers have highlighted some of the negative impacts of technology on 
society; 

- Control of the smart home using electronic devices with screens can cause 
poor eyesight and the device backlighting interferes with the production of 
melatonin, a chemical that regulates falling asleep and staying asleep (The 
State News, 2014).  
- The theory Shaun Salzberg presented, that parents and other family 
members have specific jobs that make them feel like productive and valuable 
members of the household (cooking, cleaning, etc), and therefore do not want 
a home automation system to take those jobs away from them (Scott, Min, 
Charles, John & Anind, 2006).  
 
Negative impacts on the environment and economy are; 

An area of concern is resource extraction, emissions of dangerous substances, 
and pollution of air, water, and soil that the electronics industry is associated 
with (Vergragt, 2006). Unless regulated and managed properly, with 
consideration given to the intense extraction of resources, manufacturing 
processes and life cycle of the products, they will continue to do so. In recent 
years the growing amounts of e-waste is an urgent issue; posing an emerging 
risk to our health, the environment and the depletion of scarce resources 
(Hilty, 2005). 

A factor to consider with the ability of the smart home increasing the 
efficiency of the user is Jevons Paradox.  Commonly known as the rebound 
effect, asserting with the ability of technology to improve efficiency, it will 
infact increase (rather than decrease) resource usage. 
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5 Results 

This section presents our results: the data collected from our methods and our 
analysis of that data. It is broken down into the following four sections: 1) 
Literature Review, 2) Market Research, 3) Survey and 4) Customer Journey 
Mapping. 

5.1 Key Points in Literature Review 

5.1.1 Smart Home Relationships Model 

Based on the model that grouped the smart home into sectors (see Figure 4.1), 
to visualise the relationships we were focussing on in this theses and where 
the benefits and impacts lie, we created Smart Home Relationship Model. 
This model targets the ‘Energy Consumption and Management’ sector of the 
smart home, which we have focussed on as it has direct benefits to 
environmental sustainability, currently produces the most significant 
economic gains and has potential to be the foundation of the smart home 
system, to which other sectors can build upon. The smart home impacts 
model takes into account what we consider to have the most effect on making 
it viable and beneficial to the users and their ultimate experience and enables 
us to work towards answering the second research question. 
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Figure 5.1 Smart Home Relationship Model 

In the ‘Smart Home Relationship Model’, the largest circles are the areas that 
we focus on in this thesis. We have found, if the smart home industry 
focussed and understood these areas completely, they could have the most 
significant impact on the user experience. 

Energy Consumption and Management; as ownership of electronic devices 
goes up and as the smart home is an electronic system it is both an 
environmental and economic priority of the smart home. This is coupled with 
the fact that the utilities and home environment (e.g. temperature, air quality) 
can be seen as the basic functions of any house and is the basic layer to begin 
a smart home. The direct impacts considered here are environmental and 
economic (as shown by the arrows). 

Product-Service System; PSS is a natural next step for the smart home which 
currently is a culmination of products and services. However, a better 
understanding of how these interrelate and can support each other will ensure 
a better user experience. The direct impacts here are social and environmental, 
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as PSS has a primary focus to improve sustainability, whilst making 
economic sense. 

User Needs; it is of great significance to fully understand the users’ needs in 
order to create a smart home that is both appropriate and can satisfy the user; 
thus ensuring the user experience is good. The direct impacts to user needs 
are social and economic, whereby there are human factors to consider when 
talking about user needs and the primary consideration for the user is whether 
it makes economic sense.  

The overlapping of the main circles are the three main direct benefits to the 
user: automation, efficiency and life quality. The centre of the circle 
“Sustainability & Innovation” is the overall goal of the system, for the 
continued development of the smart home. 

5.1.2 Summary of Advantages and 
Disadvantages in the Smart home 

Though the literature review we have created a summary of the smart home 
advantages which addresses our first research question, as shown in Table 5.1. 
In order to put them into a wider context we have also listed the 
disadvantages of the smart home. 

The smart home not only gives the customers control of their home, but also 
can reduce expenses, while enriching the home experience; making it more 
comfortable and convenient. The user can ensure and regulate their home 
environment; to be safe, healthy and to meet their own needs e.g. create more 
free time. Meanwhile, the smart home can contribute to ensure a more 
sustainable environment, making it easier to conserve resources and reduce 
the household’s impact on the environment.  
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Advantages 

Environmental Reduce Energy 
and Water 

Consumption 

Reduce 
Household 

Carbon 
Footprint 

 

Social Increase 
Comfort 

Increase 
Convenience 

Improve life 
Quality 

Economic Save Money Improve 
Efficiency 

 

Disadvantages 

Environmental Increases  

E-waste  

Jevons Paradox Increases use of 
raw materials for 

manufacturing 
products.  

Social Health Effects 
(e.g. 

Electromagnetic 
Waves) 

Reliance on 
Technology 

Security and 
Privacy 

Economic Affordability   

Table 5.1 Summary of Advantages and Disadvantages in the Smart home 
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5.2 Key Points in Smart Home 
Industry Analysis 

5.2.1 PESTLE Analysis 

In order to understand the external factors affecting the current smart home 
market, a PESTLE analysis was conducted. This provides a more holistic 
view and identifies where strengths, weaknesses and opportunities and threats 
lie in the smart home industry. Tackling these challenges will have direct 
benefits to the user in the long term. 

Political Factors 

Energy depletion, climate change and the greenhouse effect have become 
worldwide problems. Gradually more countries are putting increasing 
importance on sustainable issues and in order to solve these problems, 
governments around the world have launched a range of corresponding 
policy. Many of the policies affect residential homes, such as, executive order 
S-20-04 in America (California Executive Order S-20-04, 2014). It strongly 
encourages energy saving, to build green homes, update heating systems as 
well as the use of energy-saving lamps. And the UK low carbon transition 
plan channelling about £3.2 billion to help households become more energy 
efficient (UNSCE, 2014). 

Economic Factors 

With the population of the world expected to increase by 1 billion in the next 
12 years according to the UN (WPP, 2014) and with the increasing concerns 
of unemployment in many countries, the smart home products and services 
industries have potential to offer new opportunities to many people globally. 
Additionally, people are increasingly looking for ways to deal with the rising 
cost of energy, resources and healthcare. 

Internet speed and infrastructure have improved significantly over the years, 
and is being pushed by the realisation of its relation to economic 
development (Deployment & Operations Committee, 2013).  
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Social Factors 

In today’s world, most people are increasingly aware of the importance of 
maintaining household environment quality, so as to enjoy a better life. But 
the accelerating pace of life and pressure means that people don’t have the 
excess time to manage their house as they would like. People are increasingly 
trying to have a work life balance, and as such ‘free time’ is precious. 

The global population is rising exponentially (Population Institute, 2014), 
with a dramatic rise in the proportion of elderly people in some countries 
(Helpage, 2014). Both factors will put increasing demands on the healthcare 
system. 

Technological Factors 

With the progress of information and communication technology, cloud 
computing has exploded, enabling unprecedented data management. The 
internet of things is also gradually finding its way into people’s lives, slowly 
developing a primed infrastructure. 

The smart grid developments give significant support for the smart home 
(Brown & Zhou, 2013). 

Legal Factors 

In view of the existing household energy consumption, countries around the 
world have introduced more stringent energy laws and regulations to avoid 
waste. For example, Japanese Electricity Business Act Article 27 and Power 
Shedding (JEBAA, 2014) is to protect power grid overload and reduce 
energy consumption. In addition, China’s government declared household 
residence energy efficiency regulations in 2008, with specific targets and 
requirements to increasing energy efficiency and reducing energy 
consumption. 

Environmental Factors 

Environmental concerns and awareness about pollution, waste, resource 
scarcity are increasing. On the other hand, resource extraction, emissions of 
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dangerous materials, and pollution of air, water, and soil from the electronics 
industry have created conditions for unprecedented environmental 
catastrophe and have already caused damage.  

Summary: Effect of the Exterior World on the Smart Home 

It was previously regarded to be technology as the main force for growth in 
the smart home industry; the trend of the smart home is in direct relation to 
increased improvements in technology. However, the result of PESTLE 
analysis highlights many of the external drivers that influence smart home 
development is causing a pull in technological developments. Technology 
could therefore be seen as the enabler to realise solutions to these positive 
exterior influences, which generate opportunities. 

Overall, the exterior effects do not seem to be constraining the growth of the 
smart home, they could all help guide or support it to develop into something 
more viable. In general the advantages outweigh the disadvantages; with the 
largest disadvantage being the argument of creating more electronic products 
and thus using more resources and more e-waste. The increase in reliance on 
technology and losing control of decisions could be taken as a disadvantage, 
however if looked at from an alternate perspective it could also be seen as 
something practical to free up more time and relieve stress from managing 
the house. One of the areas proving significant cause for concern is the 
effects of technology on the fabric of society and the health effects through 
extensive use. 

With the increasing developments of Smart Grids and investment being 
directed in similar areas, there is huge scope for improvement and growth to 
the smart home industry. The attitude of consumers and government around 
the world will have major effects to the smart home; and policy, legislation 
and social factors are the ultimate embodiment of this.  

5.2.2 Stakeholder Analysis 

After conducting the literature review and market analysis, we were able to 
brainstorm in order to map out all the relevant stakeholders of our system, see 
Figure 5.2. In this model we have depicted the stakeholders that all have 
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relationships to the user at different levels and will all have an impact on the 
final user experience.  

 

Figure 5.2 Smart Home ‘User Centric’ Stakeholder Model 

The layers of the circle represent groups of stakeholders. The users are the 
stakeholders we focus on in order to answer the second research question and 
therefore are central to the model. The increase in influence of stakeholders 
to the user experience is depicted by the gradual surrounding circles. The 
coloured blocks are the largest stakeholders to consider in the categories we 
are focussed on in our thesis (User needs, PSS and Energy Management and 
Consumption), and therefore the ones we are most interested in 
understanding how they affect overall user experience. 

The Smart Home ‘User Centric’ Stakeholder model shows the most 
influential stakeholders are the designers and service providers as they are the 
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creators of the smart home products and services. The designers need to 
understand what the user desires in order to design a system that will function 
and provide value to the users’ everyday life. The service providers need to 
be able to provide a system whereby all the technology is easy to manage and 
the user will feel like they are in control but also being supported. The 
service providers will design the services that support the system and create 
the wider user experience, outside of the immediate one provided by the 
smart home itself.  

The user needs to be fundamentally better understood in order to better 
satisfy their needs. There are so many combinations of products and services 
that can constitute a smart home it is extremely important to ensure the smart 
home system is centred on each user.  

The environment, increasing the user's ability to be more sustainable will 
better satisfy their needs as it will ultimately improve their lifestyle and home 
environment (with wider beneficial implications to the earth’s environment); 
ultimately making them happier and healthier and improve their experience 
by adding these immeasurable values. 

It is outside of the scope of our study to go into detail about the other 
stakeholders on the map; however we have found they are all significant 
stakeholders to the user in order for their experience to run smoothly. 

5.3 Survey Results 

The survey was administered online between April 3rd to April 15th 2014 
and we received 105 responses. The survey was open to anyone worldwide, 
although we received the most responses from US, China, Europe (this would 
be helpful for providing insight, as this is where the smart home industry is 
well established according to our literature review). We will review the 
results generated and provide a detailed discussion. We have attached our 
survey in Appendix B and the graphs of the survey results in Appendix C, 
Appendix D and Appendix E. 

We used JMP software to analyse the relationships we have found in the data, 
the statistical Pearson test was used to study the correlation about the 
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variables considered in the questionnaire. In our survey, we set the range 
from 0 to 10 in each category, but for the purpose of analysis using the 
software we organised the data into three groups to avoid a mass of data and 
results. We define the ranges as 0-3 to “Low”, 4-7 to “Medium” and 8-10 to 
“High”. We have attached our JMP results in Appendix F, a full catalogue of 
our JMP analysis can be found in Attachment C. 

5.3.1 Demographics  

In this section we will present the demographic of our survey results. 
Collecting and analysing basic information of the user is the fastest and 
easiest way to understand respondents’ current situation and also account for 
any bias in the data.  

Age 

In this survey, the age is divided into four groups; 18-24, 25-34, 35-54 and 
55+. The respondent’s average age was 26 years old. The vast majority were 
in the 25-34 age range and they accounted for 41% of the total response. In 
contrast, there are only 6.7% aged over 55 and 18.1% in the 35-54 age range 
that responded to the survey. If we consider the amount of older people who 
answered the survey in the range of 35+ it is relatively very low (constituting 
nearly 25% of the responses). We are keen to acknowledge this bias in our 
data, as age is a large factor that affect people’s needs (e.g. older people 
generally require more healthcare services or different age groups are 
interested in different things). 

In the past 3 decades people have been increasingly surrounded by the rapid 
changes in technology -largely due to the opportunities brought about by the 
internet- and therefore are accustomed to the changing landscape of 
technology but also how society is being shaped by it. The results show that 
92% of the 35+ age range said their ability to use technology is medium-high 
and 97% of 18-34 years said the same. This shows a large proportion of 
respondents (only 0.05% said they had a low ability), regardless of age have 
been engaged in using technology -whether by necessity or choice. As such 
they can understand (if not appreciate) the premise presented by technology 
to make life easier and better, and by extension we can be certain that 
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respondents have the ability to conceptualise a smart home and have 
answered our survey to the best of their knowledge.  

Gender 

With just over half of the 105 responses being from females (60%), there is a 
slight gender bias. We feel that this slight imbalance is insignificant and do 
not think it affects the validity of our data. The aim of the survey was to 
garner the biggest response possible from potential users to enable our data to 
have a wide sample of opinions; therefore the number of responses was far 
more valuable to our analysis. That being said, if there was a larger gender 
imbalance we may have had to address it more seriously. 

Work Situation 

Working situation shows the respondents investment ability and living 
condition to a certain extent. Making the assumption students are in 
temporary accommodation (or living at a home not their own e.g. parents). 
Generally, student’s ability to invest in a smart home system is significantly 
lower than that of an employed person. However, that is not to say this 
market and their needs should not be taken very seriously. Firstly, they are a 
market that is engaged in technology (95% of students that have taken the 
survey fall below the age of 34, a sector who grew up with the rise of 
electronic device ownership and computers, with 90% of all students saying 
they have a medium-high interest in technology) and they need to save 
money. Although saving money is a priority for most people, students’ lives 
and routine are sporadic and managing or conserving resources will ‘fall off 
the radar’ fairly quickly unless they have a vested interest in managing it 
easily. 99% of the students in the survey said they had a medium-high ability 
in technology as compared with for example 91% of employed people. 
Although this is not a significant difference and is speculative, it could be 
easier to ‘spread’ technology amongst the student segment of society for a 
number of reasons for example their close proximity to each other and the 
increased likelihood that they engage with their ‘sector’ beyond their 
immediate social circle. However, this smart home system would have to be 
adaptable and ‘plug and play’ so the user could move home and not lose their 
investment, as they are likely to not own their accommodation. Students are a 
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sector of society that are not only well educated but as shown above, they 
have an affinity with using technology (not an attribute solely resigned to 
students, but they have all definitely been educated and exposed to some 
form of technology throughout their lives). Thus, they are all likely to be 
acutely aware of the relationship between environmental effect of our homes 
and how technology could help alleviate them. 

Interest and Ability in Technology 

Smart homes are intrinsically linked with technology. When the user comes 
into contact with the technology that controls the house it inevitably has a 
high impact on the overall user experience. Therefore the users’ choice to 
invest, use or abandon a smart home product depends on user’s level of 
interest and ability in technology to some extent. The average of interest in 
technology is 6.8 and 90% of respondents are equal or greater than 5. The 
average of ability in using technology is 7.1 and more than 90% of 
respondents thought they have a good ability in technology. Thus, showing a 
well-designed system has the potential to attract these users. (We assume that 
the people with ‘0’ interest in technology are not potential users and thus 
have taken this as an outlier result).  

The smart home system currently requires a level of interaction from the user, 
(e.g. troubleshooting or manually putting information into the system to 
override its preferences) therefore requires a wide range of users to be 
comfortable with technology in order to provide a good experience. 
Therefore, a high feeling of their own ability to use technology amongst a 
wide range of users is a good stepping stone to introduce them to a multi-
dimensional platform like the smart home. However, respondents found the 
barriers to using technology (e.g. difficult to use, technical issues) to be the 
same regardless of ability, as shown in Appendix D Graph 8. The only 
exception where ability was found to provide the user confidence in 
overcoming technology was when it was difficult to learn, where people with 
a higher ability found that difficulty to learn the technology was not a 
significant cause for them to stop using it. The strongest relationship (Pearson 
< 0.0031) was shown to be between the survey respondents with a high 
ability and their disregard for a product not doing what they wanted. Showing 
explicitly, that the smart home products need to be designed, and work 
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extremely well for the user, because no matter their ability they will not 
accept a system that does not do what they want. 

Our survey indicates a significant difference between male and female 
perception of their own ability in using technology. Amongst females 64% 
said they have medium-high ability in technology compared with 98% of 
males (which is not accounting the larger amount of female responses). 
However, the response to ability could be attributed to confidence in their 
own abilities and not a genuine reflection of skill. It can also be inferred from 
the data that a high ability does not necessarily mean you are infallible to 
technological problems as both genders were affected by similar aspects 
when asked what would make them stop using a technological product (see 
Figure 5.3 and Figure 5.4). Similarly, the requirement for support from 
services for both genders is fairly similar. Therefore, tailoring a smart home 
system to the individual’s technical needs and experience is extremely 
valuable to the user. 

 

 

Figure 5.3 JMP Result of Difficult to Learn By Gender 
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Figure 5.4 JMP Result of Technical Problems By Gender 

 

5.3.2 User Experience Results 

Existing Products in User’s Home 

The survey shows that 100 people have a laptop or a computer out of the 105 
people surveyed (95.2% of our respondents). Invested in by many responders, 
interaction with personal computers is becoming an increasing -some might 
say necessary- part of our lives, so much so –in our survey- it outweighs their 
ownership of televisions. This is interesting to note as in the developed world 
we were once a society that largely connected through the television; it could 
provide us with news and entertainment and was the electronic device in our 
home that we shaped our lives around. Nowadays, with changing lifestyles 
and so many different platforms to instantly get news and entertainment from, 
the television is sharing many of its functions with other electronic devices, 
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whilst also adopting more and more features. An example can be drawn from 
the laptop, which now function as televisions for many people and is slowly 
changing our home-life and behaviours. If related back to our survey we can 
see that nearly half of respondents wanted better use out of their products and 
this could be a reflection that many of our electronic devices are just too 
complicated causing stress and ‘multi-functionality’ also resulting in some of 
the features becoming redundant. Therefore, if the smart home is able to 
manage our use of electronic devices and make them more convenient or 
work better for us -in whatever capacity that may be- this could aid people in 
attaining a better experience with the technology within their household. 

There are 88.6% of respondents who have wireless network, with 100% of 
users having an internet connection. It indicates internet has become widely 
accessible and affordable. With the progress of the internet, the way that 
humans obtain and process information has changed dramatically. With the 
increasing dependence of people on the internet to provide information and 
connect to the world. This ‘connectedness’ generates an inherent advantage 
for the smart home, ensuring that people are familiar with the platform. Many 
of the smart home capabilities (remote data management and system control) 
can only be leveraged through an internet connection, which makes the 
experience of owning a smart home system more worthwhile for the user.  

Owning and using electronic devices is based upon preference. It can be seen 
not everyone owns a washing machine and very few people have a security 
system; thus in order for the smart home to be favoured by users, the support 
and design needs to be highly personalised or customisable for the user. 

The Affecting Factors in User Choice 

The decision making process a user goes through in order to realise their 
smart home can be complex and understanding what they value and by 
association what they need when buying technology can help make this 
experience clearer and easier for all involved. 

From this question, the survey respondents were asked to give each option a 
value from 0-10. The survey response identified users consider quality, 
function and price to be the most important factors (out of the nine provided) 
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when they make the decision to buy a new technological product. The 
average value for each respective factor is 8.43, 7.65 and 7.17. They do not 
consider the environment to be a large factor in their decision making process 
with the average given as 5.76 for all respondents. This is very interesting as 
if you pose the question in a different way (see Appendix B Q5) ‘What do 
you think you would want in a home that is automated?’ This survey question 
shows that they do in fact indirectly care about the environment, with energy 
saving having the highest average response (7.70). 

It has been observed that the respondents have a very low value for after-
service. However, when asked in a later question ‘What would make your 
experience better when owning a smart home?’ they did actually value some 
after-service very highly when given specific options, for example 
professional maintenance or technical support for the system were considered 
two of the highest. Therefore, it could be deemed that after service is largely 
based upon necessity at the time of need. 

The same low value was given to ‘brand’. The term ‘brand’ encapsulates 
many things that convey intangible value. People associate highly valued 
emotions such as trust with brands and as such the response from the survey 
was surprising. Hence, we think it must have been difficult to distinguish 
what specifically is meant by brand in this case, and breaking the brand into 
its component parts could have garnered a significantly different response, 
and allowed a much more detailed understanding of what the brand offers in 
terms of value. 

Reason for Abandoning New Technology Products 

From this question, the survey respondents were asked to give each option a 
value from 0-10. In the four options provided for this question, the factor 
people considered would most make them stop using a product was if it 
didn’t do what they wanted. The average importance put on each factor for 
all 105 respondents is given below; 

Doesn’t do what I want (7.47) 
Technical Problems (6.91) 
Difficult to use (5.83) 
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Difficult to learn (4.89) 

It can be understood that people are willing to learn new technology and 
overcome the adjustment required to adapt and learn how to use it- regardless 
of age (see Figure 5.5) and ability (see Figure 5.6). This was interesting, as 
prior to conducting the survey there was thought to be a large divide amongst 
the different age ranges and how they respond and interact with new 
technology, this showed that the experience of using it appears to be very 
similar across age groups and abilities.  

 

 

 

Figure 5.5 JMP Result of Difficult to Learn By Age 
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Figure 5.6 JMP Result of Difficult to Learn By Ability in Using Technology 

 

5.3.3 User Need Results 

This section of the survey consists of questions relating to the respondents’ 
habits and what they would prefer in a smart home. These answers reflected 
their needs and what they value.  

Preferred Functions in a Smart Home 

From this question, the survey respondents were asked what they preferred 
when it came to the amount of automation in a smart home. The premise to 
this question was to discover the amount of trust the survey respondent is 
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willing to put into technology to make decisions for them. It can be seen that 
nearly 2/3’s (65 people) prefer having some sort of input into the system. 

The ‘automatic’ system is 100% automated, built to learn from the users’ 
behaviour and controls the home based on its own decisions. The ‘manual’ 
system is one that is controlled by the user but it has ‘smart’ features as it is 
connected to the internet therefore has extra capabilities and functionality (an 
example would be a smart television). Although this is not typically ‘smart’ 
by definition of this thesis (as it is not automated), it is allowing the user the 
option to have automation regulated if they so desire (e.g. automatically 
records selected programs or turns off at a certain time).  

It is very clear that the respondents do not feel that they wanted to hand over 
their home to a ‘smart’ system, showing it is something they are not yet 
comfortable with. Deriving from the responses, the possibility to have a 
certain amount of automation is highly desirable (mixture of both), however 
it can be deduced that the user wants to ultimately feel in control. Currently 
some aspects of the home can be automated very simply (e.g. a thermostat) 
and society has been accustomed to this view of automation (whereby it is 
very limited by what the user programmes it to do and thus is not ‘smart’). 
The idea of ‘smart’ or intelligent technology that can correctly regulate and 
make decisions for the user is still viewed cautiously. This is especially the 
case for the older respondents in our survey (55+) where none wanted the 
system to be work completely by itself (automatic). It has to be taken into 
account our proportion of 55+ responses is very low and therefore this 
relationship could be contested if we conducted more surveys.  

The respondents that did want the system to work completely by itself 
(automatic), interestingly all of whom had a medium-high interest in 
technology. One could assume that they were more aware of the possibilities 
that the smart home offered, however this is only a speculation and their 
choice could be for any number of reasons. 

Purpose of Using a Smart Home 

The three categories for the smart home the respondents valued highly where 
to save energy, save money and comfort and convenience; with the average 
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values for each being 7.70, 7.52, 7.56 respectively. Although this result 
seems obvious and is exactly what was predicted prior to designing the 
survey as the respondents are easily able to translate the functions of a smart 
home in relation to their current home and how they could improve it in 
relative terms. The top two categories that the respondents say they would 
most want in a smart home are tangible; savings in energy and cost can 
immediately be quantified. The next is providing comfort and convenience, 
which is the ultimate aim of the smart home and people, can easily 
understand the relationship of technology to provide comfort and 
convenience, as it is not a far stretch from what it does currently in society.  

The options (‘Encourages a healthy lifestyle’ and ‘Encourages learning’) 
where it is unclear how the smart home will achieve its intention or be 
implemented are thus perhaps harder for the respondents to conceptualise. 
Yet these still receive a fairly high average value (6.82 and 5.75). 

Preferred Experience of Using a smart home 

From this question, the survey respondents were asked to give each option a 
value from 0-10. It can be seen from Appendix E Chart 11 that the 
respondents value clear information the highest in the list of options. This can 
be related to the need for the smart home system to be clear in terms of what 
it does (clear and hence easy to understand) or how it does it (clear and hence 
easy to use). This was not made explicitly clear in the survey, and thus it is 
not clear the context to which the respondents took ‘clear information’. 
Despite the discrepancy in the meaning, we feel the high value placed on 
clear information cannot be ignored. 

It can be seen that the survey respondents value things that provide clear 
benefits much more highly, rather than offerings which can be seen to require 
extra effort on their part e.g. online community or 1-1 professional training. 
These relationships are also supported by the respondents’ previous answers, 
where they value function, saving money and energy, which can directly be 
translated to what services they consider would make their experience better. 
For example saving money and energy is directly linked with the assessment 
of current house and simulated demonstration of benefits, which were both 
regarded highly in this question. 
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5.4 Customer Journey Mapping 
Results 

To view the Customer Journey Map please refer to Attachment B. 

We experienced several obstacles in generating the customer journey map, 
which have impacted the validity of our results. Firstly, once contacting 
Verisure we were only able to proceed further in the process once we had 
conducted a consultation. Therefore, we could not proceed further and had to 
go through the journey based on our knowledge of how they sell a smart 
home system, using the basic framework of their business model found on 
their website. It is also acknowledged that this is not the definitive process of 
buying a smart home from Verisure and the model is most likely different. It 
is also highlighted that this data could be regarded as being heavily bias to 
our opinions. However, in order for us to think from a customer perspective 
and as such aid in the later generation of the prototype model, this tool was 
invaluable. As such, formed a necessary and valid part of our thesis. 

The customer journey mapping shows the customer experience; with the 
touch points and emotional response being the central focus. Out of a total of 
18 touch points, there are four areas of high concern for the customer (red), 
all located pre-purchase of the smart home system. There are seven areas of 
mid-concern (yellow) and low concern (green).  

From creating the customer journey map, we can see the technology, how 
well it works and provides benefits to the user, will have a huge impact on 
the customer experience. On the other hand, understanding precisely what the 
customer needs for their home and how to support them gaining the best 
management and interaction with the technology is a where problems can 
arise.  

It is felt the most stress and cause for concern during the customer experience 
arises when there is a lack of clarity or clear information for the customer. 
This is particularly caused by the multiple product and service combinations 
that are offered, alongside the number of different package price options 
offered by various companies. We also realise being able to use the 
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technology with ease and enjoyment is a large part of the experience in the 
implementation/use phase, yet cannot judge this accurately as we have no 
reference point. Therefore, it has been assumed that the technology works up 
to a satisfactory standard and does what it is required to do, until the user 
experiences a problem (in whatever form that may be). 



51 

 

6 Discussion 

The results from the literature review provided clear answers to the first 
research question; 

What are the advantages of a smart home for the user and the 
environment? 

The market analysis has enabled us to understand the current market and the 
impacts surrounding it, subsequently narrowing down key stakeholders that 
influence the user and their experience. The survey results and the customer 
journey map supplied evidence from which we can derive ways to better 
meet the customer needs and desires to consequently improve the current 
smart home experience. These all synthesised to provide answers to the sub 
research questions; 

1. Who are the main stakeholders and what are their impacts on the user? 
2. How well the smart home currently can meet the user needs? 
3. What are the main factors to improve the smart home system to better meet 
the user needs? 
4. What are the influences on user experience? 

The discussion section begins to converge all the thesis results into providing 
an answer to the second research question; 

What changes to the smart home user experience would most improve the 
potential user experience? 

6.1 Overview of the Design of User 
Oriented Smart Home 

We believe in order to realise the advantages of the smart home, maintaining 
the user at the centre of the system and focussing on their needs is 
fundamental. The followings are key points we have found; 



52 

 

1. The smart home aims to allow the user to minimise the impact on the 
environment by incorporating intelligent features to; reduce energy, increase 
efficient use of water and resources and minimise waste. The smart home is 
designed with people in mind, making factors such as human comfort, health, 
safety and security integral to its success. The system is economically viable 
and cost-efficient over time; accounting for initial investment costs, 
maintenance and future modification costs. 

2. The smart home product and services should focus on the user, different 
ages and abilities of users and their associated needs, not a homogenous 
understanding of “what”, such as old people may need more health care but 
also accounting for their other needs with respect to improving their overall 
life quality within the smart home. 

3. The user should always be in the centre of the design process, with the 
services designed around their needs, rather than fitting the need to the tool. 
The needs to be addressed may be different with different individuals. It is 
important to understand whether the services are adapting to preferences and 
unique situations, whilst considering the flexibility and adaptability into the 
design because of changing needs over time. 

4. Usability and interoperability are barriers to the acceptance of the smart 
home and adoption of smart home technologies. Standards and cooperation 
should be promoted and encouraged to ensure that the resulting technologies 
are compatible with other devices and flexible in how they are applied to 
ensure they maintain ease of use. 

5. There should be a balance between providing appropriate levels of services 
and respecting the privacy and autonomy of the individual. 

With respect to the users’ needs, we have created Table 6.1 to show how 
companies can begin to address them by understanding the key stakeholders 
that can provide a positive influence. 
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User Needs Actions Stakeholders 
Influence 

Easy to install and use Potential users want products 
that are easy to install and use 

Service 
Provider 
Designer 

Interoperable Potential users want products 
that perform well (function) 
without requiring too much 
input from them but allow 
them to maintain control 

Government 
Designer 

Reliable and Robust 
Operation 

Potential users want quality 
products that are consistently 
reliable in their functionality 
and are not easily susceptible 
to problems 

Government 
Service 
Provider 
Designer 

No compromise on 
Security and Privacy 

Potential users expect the 
same level of security or 
privacy (if not better) that 
they had without the smart 
home 

Government 
Service 
Provider 
Designer 

The direct benefits 
(e.g. cost and energy 
savings) are explicitly 
clear 

Potential users want clear 
information about how to 
maximise and use the 
products in order to realise 
the benefits 

 
Service 
Provider 
 

The experience is 
enjoyable and does not 
require adjustment of 
their daily life 

Potential users want the 
products to enhance their 
daily life, not impede or 
adjust it 

 
Designer 

Services provided 
when appropriate and 
required by necessity 

Potential users want services 
which can support them if 
and when they need it 

Service 
Provider 
 

Table 6.1 Stakeholder Influence 
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6.2 Design Challenges 

The aim of this section is to address our second research question “What 
changes to the smart home user experience would most improve the user 
experience?” We present the needs of the users and create the actions for 
stakeholders to develop these ideas into improvements for the user 
experience. 

1. Fast, Efficient and Compatible Network/Platforms 

Needs 

Most people currently have internet capabilities; the smart home products can 
enhance the operability and remote control of the devices by easy to use 
interfaces and applications or ‘apps’. 

Actions 

1. Service Providers can collaborate with telecommunications industry to 
support faster network for users when controlling the smart home products all 
over the world by enabling the ‘internet of things’ and leveraging the 
capabilities of connecting to ‘the cloud’. 

2. Designers who develop the interface and ‘apps’ must ensure they are truly 
useable and provide an easy/convenient platform. 

2. Functionality and Clarity of system 

Needs 

User thinks that these two factors can be beneficial for them to provide them 
awareness of exactly what the system can do from multiple perspectives 
(technology and otherwise) so they can manage their smart homes to 
maximise the benefits. 
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Actions 

1. Service Providers of the smart home product company can consider 
different situations and different needs of user (e.g. age, ability in using 
technology, price, functions and automation or manual controlling etc.) to 
design different levels and options of the products.  

2. Designers should develop durable (long lasting), robust and resilient 
hardware and software. 

3. Service providers can be transparent about the investment and savings 
made, also providing guidance to the customer and support through services. 

4. Designers can design more engaging systems that help the user to 
intuitively learn the best way to operate it. 

3. Customized Pre-Sale, Sale and After-Sale 

Needs 

Each user has different needs and desires, creating a more personalised 
service options based on their requirements, maintaining a support system. 

Actions 

1. Service providers can provide customizable services, such as the ability to 
use an experience centre to provide clear conceptualisation of the smart 
home, helping the user to select or customize the design of a product; provide 
free or rented possibility to test the system. 

2. Designers keeping installation and maintenance to a minimum. 

3. Service providers and the Government can collaborate with utility 
companies to understand the effects of demand response technologies on 
energy usage in order to create a system which reduces pressure on the grid.  
This in turn allows customers control over their usage and lowers energy 
consumption and emissions by increasing efficiency. 
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4. Sense of Security and 100% Privacy 

Needs 

User demands security and privacy. 

Actions 

1. Service providers need to ensure and maintain security of data. They 
should be more transparent and clear about the control and access to personal 
data. Ensuring it is strictly limited to those who need it to keep the smart 
home operating. Allowing the user the ability to check exactly who has 
accessed their information and why. 

2. Government and Service providers can work together to create legislation 
that better protects the user. 

3. Service providers and Designers can work together to find ways to protect 
the user from security breaches through well designed systems. 

 

6.3 Hypothetical Prototype Model 

The purpose of this section is to show a hypothetical prototype model (see 
Figure 6.1) of our recommendations with reference to the stakeholder 
influences and user needs, and the connections between different 
stakeholders. This model is to help the reader to visualise the stakeholders and 
where the improvements are necessary to provide a better user experience.  
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Figure 6.1 Systematic Model 

The user, government, designer, utility company, telecommunication 
company and smart home company as well as other key stakeholders are 
displayed in the model.  The stakeholders have different relationships with 
the smart home and in the model we propose different connections are 
formed between them that will give more opportunities and support to meet 
the needs of the user and improve the smart home capacity to deliver a good 
experience. 

Among them, the government directly affects behaviour of public institutions, 
and to a certain extent has the ability to constrain or empower the 
development direction of the smart home industry. The PESTLE analysis 
provides powerful evidence to demonstrate that policy or legislation will give 
great support and provide motivation to innovate solutions to the urgent 
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environmental problems many countries are trying to address. Currently, the 
increasing amount of policy related to reducing energy use and waste and 
improving efficiency favours the smart home industry; it helps guarantee they 
have a growing market but also does not do enough to drive interest. We 
envisage that the government works together with the smart home industry, 
for example in a similar way many governments provide incentive through 
green subsidies. There is evidence that this is already happening (e.g. the 
commitment to rolling out smart meters to develop a wider smart grid), 
however we believe more can be done to put the power firmly in the 
homeowners hands and help them make effective decisions. 

It is important to also consider the role of the utility companies; as energy, 
water and gas providers play an important part in abiding by government 
environmental policy. If utility companies work with smart home companies 
directly they can potentially provide consumers with a better service and 
anticipate possible effects to their own industry such as demand-response 
technology. It can increase the utility company’s credibility as well as gives 
them the ability to innovate alongside the smart home industry. 

In addition, in order to leverage the capabilities of the ‘internet of things’ and 
cloud computing, a strong relationship between the smart home industry and 
telecommunication company should be formed. Currently the cooperation 
between these industries is extremely traditional and restricted, due to the 
multiple barriers posed by interoperability and the various platforms different 
technology supports. However, in a similar way to how in some parts of the 
world the telecommunications sector realised the benefits of partnering with 
their value chain (Strategy & Formerly Booz & Company, 2014) the smart 
home industry can achieve unimaginable new possibilities and this will have 
a direct effect on the user experience down the line e.g. ensure a high level of 
quality as the connected service is maintained. 

The smart home industry relies heavily on the designers and developers who 
make the technology functional for creating a good user experience; having 
intuitive, engaging and easy to use products is essential. As such, translating 
the ability of these well-designed products will only be possible if the online 
services are structurally sound, well designed and operated as the ones 
offered in reality. As much of the smart home is virtual there needs to be a 
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clear understanding of what is actually happening in this space, so the users 
can conceptualise the real world benefits from engaging with the technology, 
in more than just monetary terms, providing them with a more immersive 
experience. 

The retail and online store from the service provider is the first touch point 
for the customer. It should be here where they can begin to understand the 
level of control they desire from the smart home, so both these entities need 
to be clear on their proposition and provide it to the consumer through ways 
in which they can easily understand how it will affect their lives. This could 
be through an ‘experience room’ where they can test the products and 
services offered or providing the smart home technology to them on a trial 
basis. 

The overall prototype aims to reduce or eliminate the amount of interaction 
the customer needs to be involved in (e.g. they do not need to communicate 
with the utility company as the smart home industry will provide the 
communication of utilities through offering the most competitive offerings 
via their smart home system). The focus therefore will remain solely on the 
customer and reduce the stress and hassle of an extra layer of home 
management, whilst allowing them to continue their lives with a peace of 
mind that the smart home is providing them the best services and best 
decisions to improve their quality of life. 
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7 Conclusion 

While the full realisation of the smart home being the norm is still a long way 
off, the steady rise of intelligent devices finding a place in our homes and 
with the rising costs and pressures of modern living, the smart home is 
making a strong case for itself.  

With this in mind our research sets out to answer two questions: 

RQ#1: What are the advantages of a smart home both for users and 
environment? 
RQ#2: What changes to the smart home user experience would most 
improve the potential user experience? 

Informing our second research question by four sub-questions: 

1. Who are the main stakeholders and what are their impacts on the user? 
2. How well the smart home currently can meet user needs? 
3. What are the main factors to improve the smart home system to better meet 
user needs? 
4. What are the influences on user experience?  

The first research question we found that the multiple benefits for the 
environment can be easily narrowed down and clear conclusions can be made. 
The advantages to the user are slightly more complex and vague. This could 
largely be due to the conclusive understanding of things like ‘comfort’ and 
‘convenience’ and their meanings to different people. To give an example, 
some people might find the smart home is convenient for alerting the use to 
items in the fridge before they expire, while other people simply do not. 
These advantages are therefore largely based on personal opinion and need. 
We also found it was important to contextualise the advantages for the reader 
and highlighted some of the arguments that are seen to be disadvantages of 
the smart home and our increasing reliance on technology. Again, the 
environmental disadvantages are more definitive and as such can be 
appropriately managed by the smart home industry. The social disadvantages 
we think can only be addressed if the technology and smart home system can 
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provide a significant value over their current home and be so easy to 
synchronise into the user’s life that it is easy for the customer to embrace it. 
The affect on human health and the fabric of society is a much wider 
discussion, which we cannot cover within the bounds of this thesis. 

The first sub-research question ’Who are the main stakeholders and what 
are their impacts on the user?’  Through market research and our literature 
review we narrowed down the key stakeholders that have the largest impacts 
on the user of the smart home to; designers, service providers and the 
environment.  

The second sub-research question ‘How well the smart home currently can 
meet user needs?’ We found the current barriers to allow the smart home to 
meet users needs are a combination of technological (1-2) and social (3-6).  

1. Reliability and Robustness 
2. Interoperability  
3. Usability 
4. Inference in the presence of ambiguity 
5. Security and Privacy 
6. Cost and Value 

The third sub-research question ‘What are the main factors to improve the 
smart home system to better meet user needs?’ The main factors to allow the 
smart home to overcome the technological and social barriers are inherent 
improvements to the smart home technology. The key stakeholders (service 
providers and designers) need to collaborate with the other stakeholders 
identified to investigate how the smart home system requires other systems to 
exist (energy industry, healthcare industry etc.) and therefore need to ensure 
how their interaction can be done with the user at the centre. 

The fourth sub-research question ‘What are the influences on user 
experience?’ We identified the ability for the user to maximise on the smart 
home by having products and services that are of high quality, function well 
and provide value. We concluded that a large part of the user experience 
hinges on the design of the technology for the smart home.  
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Finally the second research question ‘What changes to the smart home user 
experience would most improve the potential user experience?’ 

It was discovered that the post-sale services currently offered are secondary 
in the users mind and they do not have as much value to the user as the 
inbuilt value of the smart home. Therefore, creating services in other forms 
such as through ‘apps’ can make the experience of the smart home more 
immersive and enjoyable, potentially enhancing the intangible value of the 
smart home. 

The user experience is heavily affected by the capabilities of the smart home 
to add real tangible value to the user’s life. We have found because the smart 
home affects so many sectors, the ability to understand how to improve them 
and bring these benefits directly to the user can only be done through 
collaboration of various industries. Input from various stakeholders and their 
relevant systems can help ensure the users remain at the centre of the 
interconnecting systems and thus are able to attain a better user experience. 
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Appendix A – Market Research Matrix 
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Appendix B - Survey 
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Appendix C - Demographics Charts 

Chart 1 - Location of Survey Respondents 
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Chart 2 - Age of Survey Respondents 
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Chart 3 – Work situation of Survey Respondents 
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Chart 4 – Interest in Technology of Survey Respondents 
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Chart 5 – Technology ability of Survey Respondents 
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Appendix D - User Experience Charts 

Chart 6 – The Existing Products in User’s Home 
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Chart 7 - The Affecting Factors in User Choice 
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Chart 8 - Reason for Abandon New Technology Products 
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Appendix E - User Needs Charts 

Chart 9 - Preferred Functions of Using a Smart Home 
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Chart 10 - Purpose of Using a Smart Home 
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Chart 11 - Preferred Experience of Using a Smart Home 
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Appendix F - JMP Analysis Results 

 

 

 

 

 

 

 

 
Chart 12 – Relationship between Gender and the Reason of Abandon 

a New Product 
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 Chart 13 - Relationship between Gender and the Reason of Abandon 
a New Product 
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Chart 14 - Relationship between Technology Ability and Save Energy 
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