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ABSTRACT 

Ubiquitous computing continues to transform our lives, including 

our homes and leisure activities. Smart home energy management 

system (SHEMS) are one example of such a technology. It connects 

homes to a smart grid and may increase the use of renewable energy 

by directing the demand to off-peak hours and reducing the overall 

energy demand. User values of such a technology may be critical 

in the acquisition, adoption and assimilation of the technology. This 

research fills the gap of understanding user values of SHEMS users. 

We studied new, potential and experienced users of SHEMS and 

their values. Sensory ethnography interview method was applied in 

the value sensitive design empirical investigation to elicit key user 

values of SHEMS in 28 families. The users relate to SHEMS values 

such as economic gains, environmental sustainability, comfort and 

security. Some SHEMS users’ values such as stimulation, 

creativity, and autonomy, can be in conflict with the values of other 

family members, and with those which are currently built in the 

SHEMS technologies. The recognized values of SHEMS 

stakeholders act as an input for the design of smart grid and smart 

home services and products. In addition, the research contributes to 

the theory-building of smart home technology user research.  

CCS CONCEPTS 

• Human computer interaction (HCI) • User characteristics • 
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1 Introduction 

Ubiquitous computing continues to transform our lives, including 

our homes and leisure activities. Smart home energy management 

system (SHEMS) is entering our homes to ease and automate 

energy management. SHEMS is a cyber-physical system (CPS) 

[50], which makes home the end-use node of a smart energy system 

and allows energy conservation and flexible demand [26], [52] thus 

advancing the use of weather-depended and variable renewable 

energy sources (RES) consequently reducing our dependence on 

fossil fuels and our greenhouse gas emissions [2], [19].  In Finland 

home heating and hot water provision comprise of 83% of all home 

energy consumption, and about half of the detached houses use 

electric heating as a primary heating technology [15], [91]. SHEMS 

may bring 5-22% reduction in energy consumption, thus providing 

the household with significant reduction in carbon foot-print [76]. 

SHEMS comprises of sensors, home heating, ventilation and air 

conditioning (HVAC) devices, control application, and through the 

service provider’s cloud server weather forecasts, and electricity 

price information [101]. SHEMS may be connected to domestic 

low-carbon electricity generation and demand (LCED) [28] 

technologies such as solar panels and electric cars.  

 

Energy use in the home is changing from currently simple, almost 

invisible, to more complex with smart grids and a new layer of 

home technology and energy management [52]. SHEMS provides 

homes means to automatize domestic energy conservation and 

demand flexibility [92], [101]. In the early stage of diffusion of a 

new technology user involvement can have the greatest impact on 

the future use and the integration of the technology into existing 

socio-technical systems [79], in the case of SHEMS into socio-

energy system [60]. Despite the significance of engaging users in 

the use of home energy technologies, the research of SHEMS has 

mostly focused on the technical characteristics of the systems, and 

there is a need for research on the user perspective of SHEMS [57]. 



 

 

 

 

In the design of complex products or systems not only the 

functional requirements but also individual and social values 

should be addressed [53]. The potential of SHEMS as a tool to 

implement users’ social and individual values in the home is 

significant. Implementing and even enhancing users’ values in the 

energy technology design may foster acceptability, adoption and 

more efficient use of SHEMS. Currently users find it challenging 

to manifest their values in the energy use, as they find it hard to see 

how their daily tasks and routines influence the broader system 

[90], to make a concrete connection between their daily activities 

and energy consumption [22], [65] and with hourly electricity price 

variations [88, 89]. Human Computer Interaction (HCI) researchers 

working with SHEMS are challenged by the complex system 

behind the user interface, carrying diverse motivations, goals and 

values of the parts of the system.  

 

Value sensitive design (VSD) is a widely known and utilized user-

centered design approach, which aims proactively to consider 

human values throughout the process of technology design [29-33]. 

The key principle of VSD is that the technology is not value neutral, 

but rather some technologies are more suitable than others for 

supporting given values. Stakeholder analysis is a method to 

identify individuals and groups that can affect or might be affected 

by a technology [62]. In the framework of VSD the stakeholder 

analysis is applied to identify direct and indirect stakeholders, their 

key values and goals, and possible value tensions [30], [33]. Direct 

stakeholders are individuals or organizations, who interact directly 

with the system or its output. Indirect stakeholders refer to all other 

parties who are affected by the use of the system [30]. In this 

research, stakeholder analysis of VSD is utilized to examine the key 

values of direct stakeholders of SHEM, who were interviewed and 

observed in their homes by applying sensory ethnographic method 

[72]. In the ethnographic interviews the values were elicited with 

the laddering technique [78], by observing and interviewing as the 

householders showed their daily routines, and in the discussion 

about the mental maps the householders drew about their homes.  

 

The paper is organized into five sections. After the presentation of 

the main scope of the research in the introduction, section two 

explains the theoretical framework and the state of art in the values 

research on smart home energy technologies. Section three 

describes the methods used for the collection and analysis of the 

qualitative research data. Section four presents the results, and 

section five discusses the stakeholder values of SHEMS, 

limitations and proposes paths for further research. 

2 Values and SHEMS 

SHEMS comprises sensors, interfaces, appliances and devices 

networked together to enable automation as well as localized and 

remote control of the domestic environment [16], [101]. The key 

functions of SHEMS are to monitor, control, and optimize the flow 

and use of energy in the home. In the future this system will be 

more integrated into the smart grid and include microgeneration 

technologies such as solar panels, a storage for energy, and an 

electric vehicle, as well as a growing number of home energy 

consuming devices [16], [54], [68], [95], [101]. The costs of 

SHEMS are comprised of a one-time, initial investment for the 

hardware and installation, and a monthly service fee of the 

maintenance of the hardware and energy management dedicated 

cloud services. Services include a control application, which is the 

primary interface for the end-user. The control application can 

usually be used with home computers, laptops, tablets and smart 

phones. In addition to the features for controlling the operation of 

the SHEMS, services may include for example a local weather 

forecast, real-time energy price information or access to social 

media energy communities.  

 

Technology can lead to value change either by bringing some 

previously unattainable goal within the realm, of choice, or by 

making some values easier to implement than before [59]. Home 

energy technologies offer diverse opportunities to implement some 

values, and limit others. Smart home technologies are installed into 

homes with existing social, cultural and material practices [36], 

[63], [89]. Rather than dictate the changes in practices, technology 

and users form a socio-technical system which evolves as the 

elements interplay. In the home energy is an enabler, constituent of 

practices, lifestyle and ‘making a home’ rather than an independent 

variable to be managed separately [86]. More sustainable behavior 

and lifestyles are essential parts of future ‘energy aware’ living [84] 

and technological solutions can help people to become more aware 

of otherwise invisible energy and give people more control over it. 

People are balancing with the energy technology transfer and their 

current practices [87]. Therefore, the designers of smart home 

technologies should understand the values which the users relate to 

technologies, and those which are behind the home practices 

involving the use of energy.  

 

For an end user, a smart system should just do what the user needs 

it to do without caring about technology [38]. Therefore, 

understanding what the users want and need is essential in the 

design of smart systems. Even though many SHEMS are sold as 

off-the-shelf packets, they are adjusted to each home in the 

installation phase and the basic settings are agreed with users. After 

installation, the smart system should hide the complexity behind 

perceived simplicity, and work as the users expect, without much 

effort from users’ part. However, the full potential of SHEMS still 

lies fallow, due to the complexity and diversity of the systems, and 

the suboptimal control strategies [69]. Design of complex systems 

is often done by building the components and trying to understand 

their arrangement in the system. Yet a complex system calls for a 

holistic approach to design since the user experience of a complex 

system is about how pieces come together [21]. A complex system 

does not allow HCI researchers to focus on simple applications and 

user interfaces, but confronts them with the motivations, goals and 

values of the parts of the system. Therefore, designing SHEMS is 

not merely a task of connecting necessary technology components, 

but the design can emphasize or hinder values of stakeholders. By 

making transparent the values different stakeholders hold in 

relation to SHEMS the choice of key values can be agreed between 



 

 

stakeholders, which should result in the wider acceptance of the 

technology, its functions and consequences. However, the 

identified values inform, but do not necessarily turn directly into 

the requirements thus constraining the solution space [75]. 

 

Previous studies have brought up the user perspective with smart 

home energy management systems (e.g. [13], [17], [5-6], [96, 97]), 

stakeholders of smart grids (e.g. [14]), or values in environmental 

behaviour (e.g. [7], [9], [71]) but the values users of SHEMS hold, 

and possible value conflicts between different stakeholders, have 

not been explicitly studied.  

2.1 Values in HCI 

Values are what people consider important in life [9], [83], and 

what people prioritize and use as the criteria to select their 

practices, actions, and to evaluate people and situations [31]. 

Values may refer to enduring beliefs concerning “desirable modes 

of conduct” or “end-states of existence in different situations, 

societies and cultural contexts” [4], [80]. The importance of values 

in driving or underlying people’s behavior has been acknowledged 

within a number of disciplines and research fields (e.g. [48]) 

including HCI (e.g. [42, 43], [45], [61], [85], [98-100]). HCI 

research has addressed values driving research and design practice 

(e.g. [42], [61], [100]) as well as values being associated with the 

use of particular technology (e.g. [42], [46], [51]). User values are 

defined as internal perceptions of what is important in a certain 

usage context, and on the other hand as “value for the user”, which 

the product provides the user within the interaction with the product 

[46], [67]. 

However, there are also studies that criticize the generic universal 

value models and value oriented design methods. The critics argue 

for approaching values as an open question – they are to be revealed 

through empirical inquiry without a predefined value set [35], [42], 

[49], [100]) – they emphasize the dynamic, evolving and context 

dependent nature of values (see e.g. [35], [49]),  as well as 

challenges involved in engaging or embodying values in design – 

it is an open question how this can and should be accomplished (see 

e.g. [43], [55]). This research focuses on values users express 

related to energy use and to SHEMS use in home. 

2.2 Value sensitive design and sensory 

ethnography 

Of a number of proposed instruments for examining values (e.g. 

[43], [49], [51] and value oriented design methods [29], [41], [51], 

[61] in HCI popular has been particularly Value Sensitive Design 

(VSD) [18], [29-33]. VSD aims to consider human values 

throughout the process of technology design and helps to 

understand the values of the stakeholders, possible value conflicts, 

value-action gaps, and to provide a design which supports the 

selected key values [33]. VSD proposes a three-partite 

methodology consisting of conceptual, empirical and technical 

investigations [33]. Ethnographically informed inquiry methods 

can be applied in the VSD stakeholder analysis to “probe the 

complex relationships among values, technology and social 

structure” [32].  

 

It has been suggested that more stakeholder participation should be 

included in the VSD process [e.g. [8], [18], [46], [74]. In the VSD 

stakeholder study of smart meter rollout in the Netherlands it was 

emphasized that the delay, which had taken place, could have been 

avoided if all the stakeholders and their values would have been 

heard, and the complexity of smart grid and interrelatedness of its 

elements had been understood better [53]. Though the end-users 

(consumers) were considered as the main beneficiaries of the smart 

meter rollout, they were not represented in the design of the 

functionalities and the planning. In this paper, the perspective of 

user values is emphasized in the study of SHEMS.  

 

In this study, we conducted stakeholder analysis by applying 

sensory ethnography method. Sensory ethnography focuses on 

understanding of other people’s experiences, values, identities and 

ways of life by “exploring people’s multi-sensory relationships to 

the materialities and environments of their everyday lives, and to 

their feelings about them” [72]. Sensory ethnography intervention 

brings to a design process insights, which can make the design and 

user experiences more pleasant, effective and purposeful [72]. 

Sensory ethnography method has been successfully applied in 

energy consumption studies e.g. in LEEDR-project [12], [17], [25], 

[73]. By observing and modelling everyday practices at homes the 

researchers were able to understand how people make their homes 

‘feel right’ and the role of energy demand and use in home life. 

With the lens of sensory ethnography, the researchers investigated 

what it is that people are actually trying to achieve when they make 

their homes feel right and what interventions will help them to 

achieve this while using less energy. We chose sensory 

ethnography as a method for our VSD empirical investigation, 

because it is one of the most suitable approach to study user values 

related to practices and technologies in homes.  

2.3 Values of SHEMS users 

SHEMS, like all technologies, offers diverse opportunities to 

implement some values, and limit others. It can help people to 

become more aware of otherwise invisible energy and give more 

control over it. SHEMS can also carry values of the other smart grid 

stakeholders, because when the SHEMS in the homes is scaled up, 

that may change significantly energy consumption and in-crease 

demand response, thus enabling increasing use of RES [23], [94].  

 

SHEMS use is placed at home, in a very personal and private space 

which is a bunch of socially constructed meanings, rather than a 

construction of wood and stone [24]. Values are strongly present in 

home, and they are expressed and enhanced at home more than in 

other environments. People want their homes to demonstrate their 

values, reflect their identity and to tell their story, and technology 

in the home needs to fit this picture in order for it to be appropriated 

[20], [85]. 

 

Previous studies have brought up the user perspective with smart 

home energy management systems (e.g. [6], [96, 97]) or 

stakeholders of smart grids (e.g. [14]) but the values the users of 



 

 

 

SHEMS have not been explicitly studied. User values of SHEMS 

are implicit in a large number of studies on smart meter acceptance 

and adoption (e.g. [1], [11], [14]), smart home technologies (e.g. 

[34], [36], [54], [57, 58], [81, 82]), and energy and sustainable 

behavior (e.g. [10], [39], [47], [56]). 

 

In the VSD study of the smart meter rollout delay and SHEMS 

standardization in the Netherlands [53] the values elicited in the 

expert group discussion were categorized based on the 23 values 

found in the VSD literature. The authors argue the universal values 

of Schwartz (1992) [83] are not the most suitable ones in the 

research of technological artefacts and technology use. The expert 

group in the study ranked following top 5 values for SHEMS: 

1. Economic development: The system is beneficial to its users’ 

economic or financial status. 

2. Universal usability: The system can easily be operated by all 

users. 

3. Privacy: The system allows users to determine which 

information about them is used and communicated. 

4. Autonomy: The system allows its users to make their own 

choices and pursue their own goals. 

5. Reliability: The system fulfils its function without the need to 

monitor/control it. 

However, these values are a result of the expert group, not end-

users. Also, the study is an ex post analysis, and the values were 

not elicited for implementation into a design.  

 

Pre-defined values were applied in the co-design of novel interfaces 

to home energy management systems for three eco-communities in 

Scotland [70]. The interface should help the users to synchronize 

their energy use behaviors with the availability of locally generated 

renewable energy sources. The workshops resulted a user interface 

concept, which was evaluated by other community members with 

a questionnaire. The concept was evaluated on the feature matrix 

of two value axes: hedonic and pragmatic quality. The results of the 

user evaluation confirmed the difficulty to design a solution which 

is both innovative and creative (hedonistic value) and usable 

(pragmatic value). The users hoped to have more task-related 

information for load-shifting behaviors, and desired more of the 

pragmatic value. 

 

Other case of applying pre-defined values is the doctoral thesis by 

Sandström’s (2007) [81] concerning smart home users and their 

values, namely usability values adopted from Jacob Nielsen [66]. 

Three pre-defined values usefulness, usability and accessibility 

were used to evaluate the user experience of living with and using 

smart home technologies. Sandström interviewed people before 

they moved to the smart homes for what they expected from it, and 

after they had lived in the apartment for some months. People 

seemed to be uncertain why in the first place they should have any 

smart technologies at home, and even though they appreciated all 

extra features (more value for the money) they did not have any 

particular goals for the technology use. The values for the user, that 

is usability, usability and accessibility, were evaluated after the 

people had lived in the homes for some months. People did not 

consider the energy measuring function very useful, but they 

suggested the control of the indoor temperatures and a device to 

control lightning in a list of desired functions in a smart home. The 

technologies were easy to use according to users, yet people used 

them relatively little and selectively. During the research the chief 

technological developer of the smart home technologies shot down 

its business and may functions were left unstable or not installed 

completely. The trust of the users in the technologies, and in the 

information the technologies presented was low. In conclusion the 

energy technologies were rarely used, the information they 

presented had at times been unreliable, and though they were easy 

to use, they did not give much value for the users.  

 

In [12], [25], [34] authors elicited specific user values with 

photographs (cultural probes) in the study of smart home 

technologies. The research was conducted to understand better 

what people value within their home environment, and to bring 

human factors in two prototype smart home systems: an energy 

monitoring and equipment management system, and an aggregated 

information, energy monitoring and entertainment services. Eight 

non-expert users took photos of the things they value in their home, 

of technologies they like to use and the ones they do not like, and 

of the things they do in the home to save energy or to help the 

environment, and discussed the photos. The results reveal people 

valued people (in particular family), space and memories most 

highly. Technology and automation are viewed as saving people 

time and making household tasks easier, rather than adding value.  

 

Though the use of pre-defined values or cultural probes may help 

to narrow down the key values of users, we did not want to limit 

the users or our own mindset with any given value system, or pre-

define values before the interviews. Yet the interviews in 28 

families elicited surprisingly similar user values.   

3  Methods 

This study represents qualitative research on values surrounding the 

adoption and use of SHEMS, applying VSD methodology. The 

research was in 28 homes in the Northern Finland, with two 

SHEMS which were selected by the cheapest prices for an example 

house. The main function of the systems in the investigation is to 

automate and optimize home heating by adjusting the home 

temperatures based on the preset settings, room temperatures and 

humidity, the weather forecast and the electricity prices. Hot water 

boiler and air heat pump can be integrated into the system. SHEMS 

aims to provide users with reduced energy consumption by 

lowering the temperatures in the user defined times and spaces, and 

on the other hand with reduced energy costs by targeting the load 

onto cheaper off-peak hours. Users can modify and create profiles 

for temperature settings, set electricity contract type and price(s) 

and monitor room-specific electricity consumption for heating with 

a control application on a laptop, a tablet or a mobile phone. 

 

There are three kinds of users in the interviewed 28 families: new 

users (11), experienced users (8) and prospective users (9). Local 

energy efficiency project supported financially the acquisition of 



 

 

SHEMS for 11 new users. The experienced users had used SHEMS 

for 1-4 years. Finally, the prospective users had expressed interest 

in acquiring the SHEMS to the project coordinator, but eventually 

declined despite the offered financial support. All interviewees live 

in a single-family detached house with electric heating.  

 

The empiric VSD stakeholder inquiry was conducted applying 

sensory ethnography. As proposed by Friedman et al. [33], two 

heuristics were used to elicit the values: first, probing ‘why’ 

questions to get behind the judgements and experiences of the users, 

and secondly, by asking about values also indirectly, for example 

interviewing people about a hypothetical situation, or a common 

everyday event or behavior in their lives. In this study the 

researcher first interviewed the family members about values, 

expectations and perceptions on SHEMS. Then the householders 

were asked to show their morning, afternoon and evening routines, 

which are usually the peak hours of electricity use in the home. 

Reenactment was video-recorded. Lastly the participants were 

asked to draw a sensory and affective mental map of their home, 

marking where the ‘sense of home’ is strongest, and what meanings 

they associate with different places at home. The drawings were 

discussed together. All interviews were conducted during the 

August and September in 2018. Each interview lasted from 1,5 

hours to 3 hours. New users were interviewed again after 4-6 

months of SHEMS use in January – March 2019. These interviews 

lasted 1-1,5 hours. 

 

Laddering technique is both an interview technique and a method 

to consolidate, analyze and visualize the results of interviews [78], 

[100]. It was used to elicit values in the interview and to analyze 

them in the data analysis. In the laddering interview the interviewee 

is first prompted with questions about concrete attributes of the 

technology. Then the interviewer continues to ask, “why this 

attribute is important for you?”, until ‘laddering’ to the level of 

values. In addition to attributes, consequences and values the 

linkages between these elements are identified [51], [100]. 

Laddering technique posits that people choose products which have 

features they associate with the consequences they desire, and the 

rationale underlying why the consequences are important are 

personal (and social) values [78]. This research experiments with 

the laddering technique to identify the key values of SHEMS users. 

In line with this literature, we view values as what is considered 

important, and what is the final point in the interview, from which 

“why -questions” do not lead any further (cf. e.g. [60]). 

 

In data analysis, first in the content analysis of the audio and video 

recordings of the interviews the key themes were coded, while 

bearing in mind the abstraction levels of laddering technique 

(attributes, consequences and values). The three most important 

values for each family are listed in the appendix. Secondly the 

identified attributes, consequences and values were consolidated in 

the value matrix. In the analysis of the values we related them with 

Schwartz’s universal values [83], the values of the Rokeach value 

survey [80] and with the list of values of smart grid users by 

Ligtvoet [53], yet none of them was found adequate as such. 

4  Results 

Based on our VSD analysis we present here the basic findings 

related to HEMS values. We identify the user types and value 

categories of the researched families based on their values, goals 

and life situation.  

 

Full-nesters. Families living their rush years are constrained with 

time and try to balance with work and family life. The time at home 

is scheduled with family routines and housework. Full-nesters seek 

savings in the energy costs, but think also the comfort of all family 

members, and have will, but not always means, to act sustainably. 

Parents do not have time to check every room in the house for 

saving electricity, therefore comfort means also easy control of all 

the house with one control application. Safety means children 

cannot cause harm if they play with thermostats, and the situation 

in the home can be checked easily remotely. 

 

Empty-nesters. Elderly couples whose adult children have moved 

away have more free time and unused space in their home. Empty-

nesters are not stressed by work or house mortgages. They can 

invest in new technologies such as SHEMS, solar panels and hybrid 

or electric cars. Empty-nesters cherish simple and traditional 

lifestyle, which is characterized by frugality and closeness to 

nature. As the life is not busy and focused on the ‘nesting’, they can 

be more altruistic, and emphasize ecologic sustainability. Though 

they may not wait big savings in energy bills with SHEMS, they do 

expect the system to pay itself back in few years, and ease of use.  

 

Optimizers. Technically oriented, energy and electricity savvy 

men. They talk with their friends and colleagues about energy 

technologies and solutions to optimize home energy use. They 

appreciated SHEMS with open hardware and software and would 

have liked to modify the system themselves to suit best their own 

homes. Optimizers have many ideas for the development of the 

system, and they discuss with SHEMS providers about how to 

implement certain features to the system. For them a SHEMS is an 

intellectual and practical endeavor, and they seemingly enjoy 

immersing themselves into optimizing the home technologies 

including SHEMS. Autonomy, exploration and self-direction are 

the values they prioritize highly. For them tuning the SHEMS, or 

building one by themselves, is also a way of distinguishing 

themselves among peers, and of playfully competing with others. 

Optimizers appreciate an open, modifiable system which operates 

without much interaction once it is made fit for the house. They 

want to see savings in energy bills, and they have doubts if the 

system has sustainability consequences. Some optimizers value the 

comfort of living more than savings in money or in energy. 

Optimizers are early-adopters of SHEMS, and often they acquired 

SHEMS because they knew personally SHEMS developers and 

producers. Optimizers as smart home users have been profiled also 

by Jensen et al. [44], yet here the optimizers do not only want to 

optimize the energy use of their house, but they are also interested 

in optimizing the technology as well.  

4.1 The key values of SHEMS users 



 

 

 

The most common values elicited in the discussions about the 

motivations and goals of the use of the SHEMS were frugality, 

sustainability, comfort, security and peace of mind, in that order. 

The results are in good agreement with [53] showing the individual 

and social values are more important for the users than the 

functional values of the technology, and with [24] emphasizing the 

family as a user instead of values of individuals.  

 

Frugality. People expect first and foremost to save money and save 

energy with the use of SHEMS. Saving in energy is expected to 

equal saving in costs. Of all participants 54% told for them frugality 

is the most important value related to SHEMS, and 43% said it was 

the second or third in importance. For the prospective users the 

most common barrier to acquire SHEMS was that they calculated 

the system does not pay itself back within reasonable time. 

Characteristic to the homes in this research is that frugality means 

also simple and modest life style. Deliberate frugality [27] is an 

expression of traditional Nordic way of living, rather than a 

reaction against consumerism (e.g. [3], [40]) or ‘forced frugality’ 

(e.g. [96]), for to the lack of resources. Heinonen et al [37] have 

studied what they call “situated lifestyles” and the implications for 

GHG. The Finnish households were categorized in four groups 

according to the level of urbanization, rural lifestyle corresponding 

the households in this research. Rural lifestyle is characterized by 

the lowest consumption in all consumption categories other than 

transport and electricity, consequently the biggest sources of GHG 

in rural lifestyle.  

 

Comfort, security and peace of mind. Comfort means that the 

room temperatures at home are stable, predictable and can be 

adjusted with one user interface and remotely. In harsh climate 

right home temperatures are not only for comfort but for security, 

too. Comfort means also not too hot temperatures, particularly in 

the bedroom. Comfort was the most important SHEMS-related 

value for 21% of households, and the second or the third in 

importance for 54%. One interface for all heating settings frees 

users from walking from a room to another for adjusting the 

thermostats. This relates also to security: “Children had turned the 

thermostat in maximum heat in one room we use little. There had 

been terribly hot for who knows how long” (N3). With SHEMS the 

parents can control the temperatures, and the children can continue 

playing with thermostats without any effect on energy bills. Remote 

monitoring with the SHEMS control application also strengthens 

the sense of security. Comfort, security and peace of mind are 

related values, as increased security amounts to increased comfort 

and peace of mind. Also, SHEMS relieves the worry for climate 

change: “I know a smaller house would be enough for two of us. 

With the available means we try to reduce our consumption of 

energy and emissions” (N2). For most householders increased 

comfort means also they can forget adjusting the temperatures once 

the system has been programmed and the SHEMS has learnt to 

regulate the temperatures automatically. After the first months, the 

users usually ‘forgot’ the system and did not even follow the energy 

prices any more. As long as it worked without notable problems, 

the users did not change the settings.  

 

Sustainability. With sustainability we mean ecologic 

sustainability. Both sustainability and frugality mean saving 

resources and consuming less. Yet ecologic sustainability was the 

most important value only for 14% of households, and the second 

or the third most important for 29%. Optimal SHEMS reduces the 

consumption of energy especially in the times of high prices, 

usually profiting the hourly-based electricity prices. SHEMS 

application helps to spot the most energy consuming places, 

appliances and practices at home, thus helping to focus the energy 

saving efforts. SHEMS users are more concerned of their own 

home’s consumption and costs of energy than the impact of their 

energy consumption outside home. Most interviewees emphasized 

their sustainable lifestyle in other ways, like recycling, close 

relationship with nature, and interest in EVs and solar panels, but 

only two of them said SHEMS is important because it increases 

demand flexibility allowing larger use of renewable energy: “I am 

a nature person, I don’t throw waste in the nature and I hate to see 

clear-cut forests. I enjoy walking in wild nature like in Lapland. But 

I don’t really care where the electricity we use comes from.” (N7). 

Three users said they want to save energy not only to benefit the 

family, but because the menace of climate change requires us all to 

consume less energy. Yet they had not thought, or did not know, 

how SHEMS relates to the use of renewable energy, or about the 

possibility the utility could remotely control the consumption of 

electricity via SHEMS for example in the time of low supply and/or 

high demand of electricity. Though a primary motive, economic 

savings are not always the only motive for acquiring a SHEMS: 

“We don’t go on [with SHEMS] money first… I am skeptical if the 

savings will be significant. But saving energy is important.” (N3) 

 

Stimulation, exploration, self-realization and distinguishing 

oneself. Rarely the primary values of SHEMS users (only 7%), yet 

they enforce the interest to adopt SHEMS at home. Particularly 

technically oriented men were driven by excitement and 

experimenting with new technologies, and creativity: “I have been 

thinking I would like to build this kind of system myself, but maybe 

the software would be too challenging to create” (N1), “We have 

talked with colleagues at work how to build a system like that. The 

ones on the market are not optimal for my home, I’d like to build a 

perfect system just for my home. I have interest, time, and the 

required skills.” (P19). These values are strongly linked to each 

other, and to express these values users need some economic and 

social freedom and technical competence. For users who carry 

these individualistic values SHEMS is a personal project rather 

than a family system. 

4.2 Family as a nest of user values 

In home with more than one family member SHEMS is a shared, 

ubiquitous technology [93]. Unlike personal technologies, smart 

home technologies can be used by many users with differing goals 

and values, and influence the life of several individuals. Established 

families usually have some shared values which form the basis for 

decisions and everyday living. Yet individual preferences and 

prioritizations are discussed when SHEMS is adopted: “It is just a 

fact that women like warmer home than men. We have tried to find 



 

 

a good compromise for both” (E26), “Our teenage daughter has 

discussed a lot about these things […] that is why we gave up the 

other car, and thought about having SHEMS, and have sought to 

live in a sustainable way” (P16).   

 

The temperatures can be a way of showing care or particular 

affection in family: “When the children and grandchildren come, 

we naturally increase the temperatures” (N10), “In the room of the 

princess [only daughter of 4 children] there is obviously warmer 

than in other bedrooms.” (N5). 

 

Although not a focus of this research, it became evident that the 

division between the male and female participants is strong as the 

men in the family are usually the main users of the SHEMS (noted 

also in [36], [88, 89]). In 24 of 28 families the main user of SHEMS 

is, or would have been, the father of the family. In three families 

both adults were equally planning to use the system, and one 

prospective user was a single mother. People living in the home are 

all direct stakeholders of SHEMS as it influences them directly, but 

they are not equally users of SHEMS. “I think [my wife] will also 

use it, the user interface seems simple enough” (N10), “I discussed 

about the investment with my wife, but other than that, this is my 

project. My wife could not care less. Maybe she’ll say something 

when the temperatures begin to change…”(N1). 

5  Concluding discussion 

This research responded to the call for user research of smart home 

technologies and contributes by filling the gap of understanding 

user values of SHEMS users. VSD stakeholder analysis was 

utilized to examine three user groups of SHEMS: experienced, new 

and prospective users. Values were elicited in sensory ethnography 

interviews utilizing the laddering technique. As a result, we 1) 

typified three kinds of SHEMS users with differing values, goals 

and life situation: empty-nesters, full-nesters and optimizers; 2) 

identified the most prevalent values of SHEMS users: frugality, 

sustainability, comfort and security as well as variety in the values 

of the three user groups – optimizers valuing autonomy, stimulation 

and exploration of new things; and 3) have shown that there may 

be value conflicts and controversies, and that family is often to be 

considered as the user instead of an individual. These results have 

implications for research on sustainable HCI, for research on 

ubiquitous technologies and smart living environments and 

particularly for research on smart energy systems and SHEMS. We 

have used a combination of methods and techniques for studying 

users of home energy technologies contributing to theory-building 

of user-oriented research of smart energy systems.  

 

The users of SHEMS emphasize the values and consequences in 

the home, rather than in the community or society in large. Users 

are concerned of ecologic sustainability and climate change, but 

they feel they do not have clear understanding of the consequences 

of their own energy consumption practices, nor are they confirmed 

of the impacts of sustainability efforts. Householders yearn for 

personalized feedback and guidance for energy efficiency. This is 

consistent with [64] who proved people are more motivated to 

environmentally friendly behaviour when the goals are concrete 

and relate to the daily life, and required actions are small with 

confirmed results, rather than by high-level abstract goals such as 

“mitigate the climate change”. End-users of SHEMS value concrete 

impacts of the system, such as comfort, savings and exploration of 

the new technology, and are not as worried for example about 

privacy or reliability as smart grid experts [53]. These insights 

provide paths for future work for the design of SHEMS. 

 

The recognized values can act as an input for the design of smart 

grid and smart home services and products. However, we do 

acknowledge that it is a challenging task to engage or embody 

values in design (see e.g. [43], [55]). In addition, we acknowledge 

that a straightforward list of prioritized values gives an over-

simplified picture of the values in families. The values are 

overlapping, linked in many ways, and the same values are 

interpreted and put into action in various ways. Family members 

have common values, but also differing individual values, value 

prioritisations, goals and motivations, and they may have different 

roles in the interaction with the system. People in the home may 

also compromise their own values due to the values, or assumed 

values, of other family members. Smart home technology such as 

SHEMS actuates family members negotiations on the common 

values in the home [39]. For designers of smart home technologies, 

including SHEMS, it is significant to acknowledge families as users 

of technology and associated complexity as well as to integrate 

value negotiations into the design process.  

 

Moreover, it is important to acknowledge that it is not only 

individuals and families that need to be considered when designing 

SHEMS or sustainable HCI. People have different roles towards 

other stakeholders, increasing the complexity of values and their 

constellations even further. People are consumers who make 

contracts, purchase energy and services. They are citizens who are 

informed and advised, and who consent to public policy measures 

and support their implementation [19]. They are also part of a 

community, or rather many communities (city, neighbourhood, 

work or school, larger family, etc.). Increasingly people are 

becoming prosumers, not only consuming but also producing 

energy themselves. Though the value of sustainability is common 

to all stakeholders, the way it is prioritized and implemented in the 

system is linked to other, sometimes conflicting values of privacy 

and liberty of individual choices, versus the common good in the 

society, and autonomy and independence versus technologies 

controlled outside home [77].  

 

The VSD methodology has been criticized for failing to provide a 

systematic method for identifying stakeholders and involving them 

adequately in the design process [55], [99]. A complex socio-

energy system contains tensions on the level of user values, and 

differing and conflicting motivations and goals of stakeholders. 

Members of families, but also indirect stakeholders, such as 

utilities, transmission service operators and SHEMS developers 

and resellers have diverse goals and values regarding SHEMS. 

Besides there will be new stakeholders, such as aggregators and 



 

 

 

data hubs, whose roles and values in the system are still open. For 

a more complete understanding of the opportunities to design a 

value-based SHEMS indirect stakeholders’ values should be 

mapped and analyzed. We also acknowledge the dynamic, evolving 

and context dependent nature of values [49], [85] and emphasize 

the possibility of value change and evolution among the SHEMS 

users.   

 

This study informs researchers but also policy makers, energy 

technology providers and smart grid stakeholders. The users of 

SHEMS consider the acquisition as an investment, and they expect 

a return to it, but they do not think the economic savings will be 

significant. Other factors such as comfort, security, sustainability 

and stimulation do matter, and they could be emphasized in public 

energy consultation and SHEMS marketing. Increasing awareness 

of energy consumption, and the use of home energy technologies is 

more efficient if the values are openly discussed and targeted [39] 

and the users are understood as social actors with goals and values. 

SHEMS is a node in a complex physical, technological and social 

system, and it can be also a point of negotiation of individual/family 

good versus public good. This research informs the policy makers, 

energy technology providers and smart grid stakeholders of what 

people in home consider important. 

 

The user values of SHEMS are the result of interviews with 

householders who were interested, had decided to acquire, or 

already used SHEMS. In most cases the main user of SHEMS is, 

or would be the male adult of the family, who were also the most 

vocal in the interviews. In some cases, only the male adult 

participated the interview and was the only user of SHEMS. 

Therefore, in most interviewed homes the resulting values are 

associated to the male adult. Yet SHEMS influences the life of all 

family members, and in some interviews family members had 

differing values related to SHEMS. All family members key values 

should be acknowledged and possibly implemented into the 

SHEMS.  

 

One limitation is the small group of interviewees, who represent 

only the house-holders of single-family detached houses in Finland, 

who use, or have considered to use two types of SHEMS. The 

participants of this research are a self-selected group of people who 

expressed interest in SHEMS, and most of them have acquired one 

to their home. They are probably more interested in energy 

technology and more affluent than the average Finnish people. The 

values of other user groups should be studied to gain insights into 

how to develop energy-saving technologies for all. Nevertheless, 

our results are rather consistent with [53] and [12], [25], [34], which 

suggests the values of SHEMS users are not culture-specific, 

though the ways they are applied in practices may differ in diverse 

cultures and circumstances. Many factors, such as the structure of 

the electricity markets, pricing and taxation are not considered. 

Diverse stakeholder groups need further research as well as the 

implications of values to design of home energy and other smart 

home technologies. Despite the limitations our findings do however 

suggest that the user values related to SHEMS relate to the well-

being of the family rather than functional characteristics of the 

system (cf. [53]), and that in the use of a smart home technology 

diverse and sometimes conflicting values of the family members 

are present. Smart home technologies may serve many purposes 

and relate to a large group of stakeholders, yet they should 

constitute a coherent, functional and easy-to-use set of technologies 

to support home life and values. That is one challenge in the 

analysis of a complex system – there are many actors and a vast 

number of agents, factors and variables. 
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APPENDIX

Participating households and their key values 

N=new users, E=experienced, or 1-4 years with SHEMS, P=prospective users, who are interested but have not acquired 

SHEMS yet. 

Home Householders Value 

N1 

Technical project manager 46-50 

Social worker, 41-45 

3 children under 18 

Frugality 

Self-direction, stimulation, autonomy 

Comfort 

N2 

Social worker, 31-35 

HVAC engineer, 31-35 

3 children under 18 

Frugality 

Ecologic sustainability 

Autonomy  

N3 

Medical doctor, 31-35 

Medical doctor 31-35 

2 children under 18 

Ecologic sustainability 

Comfort 

Security 

N4 

Work coach, 56-60 

School headmaster, 61-65 

Ecologic sustainability 

Frugality 

Security 

N5 

Entrepreneur, 41-45 

Entrepreneur, 41-45  

Student 18-20 

3 children under 18 

Comfort 

Frugality 

Ecologic sustainability 

N6 

Teacher, retired, 71-75 

Teacher, retired, 71-75 

Comfort 

Frugality 

Security 

N7 

Entrepreneur, 56-60 

Entrepreneur, retired, 56-60  

Frugality  

Comfort 

Security 

 
N8 

Nurse, 50-55  

Nurse, 56-60 

Comfort,  

Frugality  

Security 

N9 

Nurse, 36-40  

Project manager, 50-55 

2 children under 18 

Frugality 

Comfort 

Security 

N10 

Entrepreneur, retired, 50-55  

Entrepreneur, sick-leave, 50-55 

Frugality 

Comfort 

Ecologic sustainability 

N11 

Accountant, 60-65 

Nurse, 46-50 

Frugality 

Ecologic sustainability  

Security 

P12 

Technical product manager, 40-45  

Physiotherapist, 40-45 

2 children under 18 

Frugality 

Self-direction, stimulation 

Comfort 

P13 

Civil engineering, 40-45, 

Nurse, 40-45  

4 children under 18 

Autonomy 

Frugality 

Distinguishing oneself 

P14 

Teacher, 40-45  

Civil engineer, 40-45  

3 children under 18 

Comfort 

Autonomy 

Frugality 

P15 

Teacher, 60-65 

Pre-school teacher, 60-65 

Ecology 

Frugality 

Security 

P16 

Project manager, 40-45 

Teacher, 40-45 

2 children under 18 

Frugality 

Ecologic sustainability  

Comfort 

P17 Sales representative, 62 

Self-realization, exploration 

Frugality 

Comfort  



 

 

 

P18 
Finance manager, 35-44,  

2 children under 18 

Ecologic sustainability 

Frugality 

Security 

P19 

Nurse, engineer 40-45,  

Student, engineer 40-45  

2 children under 18 

Frugality, ecologic sustainability  

Exploration, stimulation  

Comfort 

P20 

House wife, 36-44  

Mechanic, 36-40 

10 children under 18 

Frugality 

Comfort 

Ecologic sustainability  

E21 Telecom technician, 56-60 

Comfort 

Frugality 

Ecologic sustainability 

E22 
IT engineer, 51-55 

Entrepreneur, 51-55 

Comfort 

Frugality 

Security 

E23 
Construction worker, 51-55 

Social worker, 51-55 

Frugality 

Comfort 

Exploration, self-realization 

E24 
HVAC designer, 56-60 

Director, 56-60 

Frugality 

Comfort 

Autonomy 

E25 Project manager, 51-55 

Frugality 

Self-realization, exploration 

Security 

E26 
Real estate manager, 56-60  

Public officer, 56-60  

Frugality 

Comfort 

Security 

E27 
Executive director, 56-60 

Entrepreneur, 56-60 

Stimulation, exploration 

Frugality 

Ecologic sustainability  

E28 

Sales director 

Sales administrator 

2 children under 18 

Frugality 

Comfort 

Security 

 

 

 
 

 

 


