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A B S T R A C T

Smart home technology has received growing interest in recent years with a focus on automation and assistance,
for example, Alexa, Google Home, Apple HomePod, and many cheap IoT devices. Better supporting elderly
people to continue live in their home using smart home technology is a key target application. However, most of
the existing smart home solutions for the elderly are not designed with people’s emotional goals in mind, leading
to lack of adoption, lack of engagement, and failure of the technology. In this paper, we introduce an emotion-
oriented requirements engineering approach to help identifying, modeling and evaluating emotional goals. We
also explain how we used this technique to help us develop SofiHub - a new smart home platform for elderly
people. SofiHub comprises a range of devices and software for sensing, interaction, passive monitoring, and
emergency assistance. We have conducted multiple trials including initial field trials for elderly people in real
houses. We have used our emotion-oriented requirements techniques to evaluate the participants’ emotional
reactions before, during, and after trials to understand the impact of such technology on elderly people’s
emotions to the SofiHub solution. Our analysis shows that SofiHub successfully alleviates their loneliness, makes
them feel safer and cared about. We also found that the trial participants developed a strong relation with the
system and hence, felt frustrated when SofiHub did not respond in ways expected or desired. We reflect on the
lessons learned from the trials related to our emotion-oriented design and evaluation experimental approach,
including refining our set of evaluation tools.

1. Introduction

Software professionals often design a product from a set of de-
sired functional and non-functional goals based on their under-
standing of the system, resulting in an end-product which fails to
fulfill the needs of its intended users. A growing concern can be
found in literature where researchers (Demiris et al., 2004; Pedell
et al., 2013; Mendoza et al., 2013; Ramos et al., 2005) pointed out
that software engineers fail to give adequate consideration to user’s
emotional needs when designing systems, leading to unhappy end-
users. Even though the consideration of emotion is becoming pre-
dominant in the area of design, including human-computer interac-
tion, this consideration has not been successfully mapped to the
software engineering field (Miller et al., 2015). Evidence (Demiris
et al., 2004; Pedell et al., 2013; Norman, 2005; Mendoza et al.,
2010), on the other hand, suggests that user emotions are a key de-
terminant in the acceptance of a technology, particularly with re-
gards to domestic and social systems.

Home-based age-care has emerged as a key alternative to address
the growing burden of aged care and elderly people generally prefer to
stay at home and enjoy their privacy and independence. However, this
introduces a substantial burden on the government to fund and develop
enough skilled staff (such as nurses) to look after the growing number
of older adults. Smart home technology introduces a promising solution
to this problem with the aim to help elderly people stay at home and
live independently while maintaining a good quality of life for far less
cost and human resources. Even though several smart home technolo-
gies already exist in the market, evidence suggests that many elderly
people are not fully keen on using these systems (Demiris et al., 2004;
Pedell et al., 2013; Miller et al., 2015). One of the major reasons
identified for this lack of interest points towards the failure to consider
human, social and organizational factors along with technical factors
when building such systems (Demiris et al., 2004; Pedell et al., 2013;
Miller et al., 2015; Baxter and Sommerville, 2011).

Building socio-technical or people-oriented systems such as smart
home technologies has never been more challenging with the increasing
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need to understand the social requirements of users. As social beings,
users have emotional needs, such as to be independent, to feel cared
about and feel secure. Given that these needs cannot be easily con-
verted into functional or non-functional requirements using the existing
software engineering methodologies, they are often ignored or trivia-
lised within the current software development processes (Paay et al.,
2009). These social needs, which we refer to as “users’ emotional goals”
(Kissoon Curumsing, 2017), are critical to the acceptance of a system
and therefore cannot be ignored.

Existing efforts (Kissoon Curumsing, 2017; Kissoon-Curumsing
et al., 2014a, 2014b) have highlighted the importance of considering
users’ emotional expectations from the inception phase of the software
project. They also presented a set of emotion-oriented techniques to
capture, model and evaluate users’ emotional goals. We followed a si-
milar emotion-oriented approach to develop a new smart home solution
– called SofiHub – designed to support independent living among el-
derly people, thus addressing a key problem of aging population. This
technology was designed as an ambient system using non-intrusive
motion sensors to alleviate elder people’s concerns regarding their
privacy, and also ‘feeling old’ when they have to put wearables on.

Research questions. In this paper, we focus on three key research
questions:

• RQ1: What are the key emotional goals necessary when building a
smart home solution for elderly people?
• RQ2: How to engineer a smart home solution to address these goals?
• RQ3: How to verify that SofiHub meets elderly people’s emotional
goals?

In order to address these research questions, we have used our emo-
tion-oriented techniques developed earlier (Kissoon Curumsing, 2017) to
identify and model users’ pain points, and came up with an emotion model
and goal model. We then used the goal model to guide the design and
implementation of SofiHub. The goal model was then used to guide the
design of our trials to make sure that we captured participants’ emotions as
part of the survey and interviews, that we conducted before, during and
after the trials.

In this paper, we reflect on the implications of using an emotion-
oriented design approach to develop SofiHub taking into consideration
people’s emotions. We also discuss the emotion related findings from
the trials testing the system, within the homes of 10 participants. In
particular, we focus on evaluating the long term impact that smart
homes, such as SofiHub, can have over people’s emotions and their
willingness to adopt the technology over time. The timeline for our trial
was conducted over only three months but our analysis shows that
SofiHub improves and amplifies the affordances of a home (compared
to a ‘dumb’ home) Fernando et al. (2016). In addition, it addresses
users’ emotional expectations from such systems.

Contributions. This paper has the following contributions:

• An industrial case study of using an emotion-oriented requirements
engineering approach to the design of a smart home emotion model
and goal model. The emotion model captures users’ pain points and
translates them into a set of goals. The goal model represents the key
emotional goals that need to be taken into consideration when
building a smart home technology.
• A smart home solution that has emotions as a first class citizen, with
detailed descriptions of how SofiHub was designed with emotional
goals in mind.
• Reflections on real world trials of smart home technology. We pre-
sent a detailed description of the trials we have conducted to eval-
uate how elderly people perceived SofiHub with emotions baked
into the system.

The rest of this paper is organised as follows: In Section 2, we
outline the key efforts in smart home technologies, and highlight the

need to consider emotions when designing smart home systems. In
Section 3, we present an overview of the set of emotion-oriented re-
quirements engineering techniques that were used to design SofiHub. In
Section 4, we describe the features of SofiHub, present the protocol
used for the trial, identify the emotional goals and discuss the key re-
levant decision rationale. In Section 5, we describe our evaluation
process, key findings and the implications of these findings on the next
generation of SofiHub. In Section 6, we discuss the threats to validity
and in Section 7, we reflect on our findings and emotion-oriented ap-
proach.

2. Background

2.1. Smart home technologies

The world is facing an increasing demographic challenge due to ob-
served population aging. People above 60 will make 22 percent of the
world population by 2050. In Europe, citizens aged above 65 are expected
to represent 30 percent of the population by 2050. According to the
Australian Bureau of Statistics (ABS), by 2030, the population above 65
will increase by 84 percent to be 5.1 million representing 18 percent of the
population. This poses many challenges related to how we can provide
proper care for this cohort of the population, such as accommodating the
increasing number of older people within the existing aged-care centers
and training staff to look after their health and medical issues, wellbeing,
dependency and disability. The use of smart home technologies have been
proposed as a key approach to this problem.

The term ‘smart home’, or ‘smart house’ was first used in 1984 by
American Association of House Builders (Harper, 2006). Since then, it
has been given a number of definitions, including “a residence equipped
with computing and information technology which anticipates and re-
sponds to the needs of the occupants, working to promote their comfort,
convenience, security and entertainment through the management of
technology within the home and connections to the world
beyond” (Harper, 2006), “an electronic butler” (Cook et al., 2009) and
“computer software that uses sensors and artificial intelligence techni-
ques to perceive and reason about the state of the home’s physical
environment and its residents, and then initiates action to achieve
specified goals” (Cook et al., 2013).

Although the initial focus of smart home research was to provide
ambient intelligence in domestic environments, there is currently a
growing interest in utilising smart homes to provide various specialised
services targeting specific user goals, such as healthy living, energy-
aware houses and aged-care. Studies show that many senior adults
prefer to continue living in their home as long as possible to maintain
one’s independence (Steele et al., 2009; Van Hoof et al., 2011; Kientz
et al., 2008). Smart home technology can realise this by providing as-
sisted living services at home. For example, bed sensors can be used to
detect user’s activity level, time spent in bed, heart rate, respiration and
restlessness, and motion sensors can be utilised to identify if user is
visiting the bathroom at irregular times (Suryadevara et al., 2013;
Kientz et al., 2008). In recent times, rapid advancements in technology
in areas such as wearable devices, network connected sensors, perva-
sive computing and robotics, has accelerated growth in both commer-
cially available services as well as research initiatives in the area of
smart home services for aged care. Table 1 shows a collection of com-
mercially available aged care products in the market. As can be seen,
aged care technologies in the market fall into five main categories;
namely personal alarms, environment monitors, smart devices, mobile
apps and smart systems.

Personal alarms are used to summon help in situations that escalate
to emergencies in a short period of time, such as when an elderly user
suffers a fall. There are many products in this category at present. While
some require the user to be able to initiate the alarm by pressing a
button (Tunstall, 2017c), others are able to automatically detect falls
via the sensors in the alarm that measure acceleration and
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motion (Tunstall, 2017b; LiveLife, 2017). However, the automatic de-
tection feature is often error prone and not always accurate. Environ-
ment monitors are used to sense changes in the environment that might
lead to an emergency situation such as flooding and fire (Tunstall,
2017a; Quell, 2017; Swann Flood, 2017; Stove Guard, 2017). These
devices can offer a security net for seniors living by themselves and
with reduced capacity to detect such emergencies.

There is a plethora of smart devices that cater to specific functions. The
i-pot (I-Pots, 2005) is an electric kettle that keeps track of when it’s used
and wirelessly sends usage data to a remote server. Carers can subscribe to
the service and see how it has been used and changes in usage can indicate
if the carer needs to check in with the elderly user. The ManDown
app (ManDown, 2017) continuously monitors the phone’s movement and
notified carers if phone is motionless for a certain period of time. Apps
such as Anna Cares (Ltd, 2017) provide various notifications to engage
with elderly users and promote healthy behaviour change. Smart systems
such as GrandCare (GrandCare, 2017) , HealthSense (HealthSense, 2017),
Independa (Independa, 2017) and Lively (Lively, 2017) encompass mul-
tiple devices including sensors and wearables to provide situational noti-
fications and enable remote monitoring.

Most applications and devices targeting elderly users have a focus
on offering transactional services for users’ functional goals. However,
their effect on users’ emotional goals are not clear, even though emo-
tional goals play a key part in user acceptance and adoption.
Portet et al. (2013) discusses a case study of smart homes for elderly
users, where some elderly users were hesitant to use automated func-
tions (such as opening blinds in the morning) because they feared that
automating parts of their daily routines would leave them with nothing
to do, and make them feel useless. In this case, even though the func-
tional goal of the system was accurately implemented, it contradicted
the users’ emotional goals (independence and feeling useful).

Moreover, unlike typical software, smart home systems are intended
to be part of a user’s ‘home’, which inherently has strong emotional
connotations (Fernando et al., 2016; Mallett, 2004). It is therefore vital
that the role of emotions be considered in the design and development
of software used in smart home systems.

2.2. Role of emotions within smart home systems

A growing concern can be found in literature surrounding the
adoption of technology by the elderly people where researchers

(Mendoza et al., 2013; Courtney et al., 2008; Demiris et al., 2004, 2008;
Pedell et al., 2013) point out that software engineers fail to give adequate
consideration to users’ emotional needs when designing systems, leading to
unhappy end-users. Users’ emotions – which relate to the way users feel
or how they want to feel – are rarely explicitly considered in software
development (Meuter et al., 2005; Lorence and Park, 2006; Wood and
Moreau, 2006; Hassenzahl, 2008; Mendoza et al., 2013). Evidence, on
the other hand, suggests that users’ emotions play a determining role in
the acceptance of a technology, particularly with regards to domestic
and social systems (Meuter et al., 2005; Lorence and Park, 2006; Wood
and Moreau, 2006; Courtney et al., 2008; Demiris et al., 2004, 2008;
Pedell et al., 2013; Mendoza et al., 2010).

Several studies in the area of socio-technical systems for the el-
derly have highlighted the importance of users’ emotions during
system design (Demiris et al., 2004; Miller et al., 2012; Pedell et al.,
2013). For example, a study conducted by Demiris et al. (2004) in-
vestigated the way older adults perceive smart home technologies
installed in their homes. The findings revealed issues related to vio-
lation of privacy and independence which refer to the way the users feel
about the system. Another study by Pedell et al. (2013) was geared
towards the issues that older adults face when using emergency
alarm pendants. Issues such as lack of independence, feeling old, frail,
stigmatised and uncared for were some of the most common comments
found from the interviews conducted with those older adults. The
findings also showed that these people wanted to feel connected to
their loved ones and cared about. These issues and expectations
clearly do not relate to a functional or quality goal of a system. They
refer to the emotional expectations that users have from the system.
Given that these emotional issues act as barriers to the adoption of
technology, they cannot be ignored and have to be somehow re-
flected in the design of the technology.

These findings reiterate the need to address users’ emotional goals
when designing socio-technical systems. Addressing user’s emotional
goals in software design entails a number of challenges. First of all,
emotion in itself is a very complex and subjective concept, making it
hard to capture and measure (Cambria et al., 2012; Kissoon-Curumsing
et al., 2014b). In addition, existing software methodologies barely ad-
dress the concept of user emotional expectations (Miller et al., 2015;
Kissoon Curumsing, 2017). This leaves software engineers with little
guidance on how to incorporate user emotional expectations within
their existing software development life cycles.

Table 1
Examples for commercially available aged care products.

Example Functional Goal

Personal alarms Tunstall iVi Pendant (Tunstall, 2017b), LiveLife Mobile Alarm (LiveLife, 2017) Wearable alarm with automatic fall detection.
Tunstall wall mounted alarm (Tunstall, 2017c) Contact Tunstalls response centre in emergencies.

Environment monitors Tunstall flood detector (Tunstall, 2017a), Quell Smoke Alarm (Quell, 2017), Swann
Anti-Flood Alarm (Swann Flood, 2017)

Emits a warning sound when the sensor is in contact with fluids/
smoke/gas.

Stove Guard Motion Sensor (Stove Guard, 2017) Turns off the stove when there is no activity around the stove.
Smart devices I-pots (I-Pots, 2005) An electric kettle that keeps track of when it’s used and notifies

carers of a sudden change in habits.
OlloMobile (Ollo Mobile, 2017) A matchbox sized phone, which notifies carers when seniors need

assistance.
Tricella Smart Pillbox (Tricella, 2017) A pillbox with sensors in its chambers that can detect when pills

are taken and notify if not taken/wrong taken.
Apps ManDown App (ManDown, 2017) Sounds alarms if phone is motionless for a certain period of time

and notifies selected recipients.
Anna Cares (Ltd, 2017) A tablet-based virtual personal assistant that provides and

facilitates communication with carers.
Smart systems GrandCare (GrandCare, 2017) Touchscreen system enabling remotely caring for the occupant

via remote in-home activity sensing and notifications.
HealthSense (HealthSense, 2017) Provides health and safety information to carers. Includes a

wearable pendant.
Independa (Independa, 2017) Remote monitoring system with custom smart TV enabling

communication and information and reminders.
Lively (Lively, 2017) Provides health and safety information and reminders. Needs to

wear a safety watch.
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While emotion is a well-researched topic in disciplines such as de-
sign (including human computer interation), affective computing and
information systems, it has been barely explored in the area of software
engineering. The literature involving emotion and software develop-
ment is mainly focused on requirements gathering and modelling
(Colomo-Palacios et al., 2010; Ramos and Berry, 2005; Ramos et al.,
2005; Thew and Sutcliffe, 2008; Sutcliffe and Thew, 2010; Sutcliffe,
2011). For example, Thew and Sutcliffe (2008); Sutcliffe and
Thew (2010) and Sutcliffe (2011) referred to people’s feelings as ‘soft
issues’ and argued how vital it is to consider user beliefs and values for
the success of a software. They proposed a taxonomy consisting of a set
of values and motivations and determined the severity of their impact
on the requirements. Proynova et al. (2011) considered personal values
to find requirements which may have remained hidden. In the area of
requirements modelling, Eric (2009) proposed the i* framework with
an attempt to represent some aspects of social modeling which they
termed soft goals. Along with the traditional non-functional require-
ments such as “reliability”, soft goals such as “trustworthy”, which are
more aligned with user emotional expectations, were also represented.
In this perspective, the work of Ramos et al. (2005) is better aligned
with our approach in that they present examples of projects failing due
to requirements being affected by emotions. They further advocate the
need to identify such issues as soon as they arise and to handle them
through a number of psychological techniques.

Miller et al. (2015) and Lopez-Lorca et al. (2014) adapt the work of
Marshall (2012) to the area of software engineering. In this context,
Miller et al. (2015) refers to emotion as a feeling that characterises a
state of mind and includes examples such as feeling of joy, terror or
safety. Based on this definition, an emotional goal is defined as “the way
people feel about a system and also captures their engagement in the greater
socio-technical system”. Miller et al. (2015) further categorise emotional
goals into two types, namely personal emotional goals and system-de-
pendent emotional goals. Personal emotional goals refer to “the way a
person wants to feel such as feeling loved, safe or angry” and are in-
dependent of the existence of a system. System dependent emotional
goals refer to “the way a person feels about a system for example,
feeling engaged or frustrated with the system”. Unlike personal emo-
tional goals, system dependent emotional goals rely on the existence of
the system and if the system is removed, these emotional goals are
eliminated.

While there has been some early progress on incorporating the
concept of emotion in software solutions (Colomo-Palacios et al., 2010;
Ramos and Berry, 2005; Ramos et al., 2005; Thew and Sutcliffe, 2008;
Sutcliffe, 2011), to the best of our knowledge, there is no structured
software methodology or framework to capture, model and incorporate
user emotional goals within the software development life cycle. In a
recent work (Kissoon Curumsing, 2017), one of the authors, presented a
set of emotion-informed techniques to capture, represent and evaluate
user emotional expectations. These techniques were applied and tested
within three case studies in different domains with different stake-
holders. In this work, we apply the same set of techniques to the design
and evaluation of our smart home technology for the elderly. The next
section discusses these emotion-oriented techniques in more details.

3. Emotion-oriented software engineering

3.1. Emotions and emotional goals

Table 2 provides a summary of some of the classifications of emo-
tion over time (Kissoon Curumsing, 2017). This highlights the different
classifications of emotion as presented within different disciplines such
as psychology, philosophy, neuroscience, medicine and computer sci-
ence.

An important finding is that the terms used to identify emotion such
as anger, disgust, fear, joy, sadness and surprise do not relate to user
emotional expectations. Our focus is to incorporate user emotional

expectations within the software development life cycle, to ensure that
users’ emotional needs are addressed by the software. User emotional
expectations for a particular system, such as a smart home technology,
could be “feeling cared for”, “feeling connected” and “feeling in-
dependent”. These terms do not fit under any of the classifications of
emotion listed in Table 2.

For instance, how do we map “cared for” to a list of emotions
consisting of terms like anger, disgust, fear, joy, sadness and surprise.
Even though user emotional expectations relate to the way users feel or
want to feel, they are not emotions. User emotional expectations relate
mainly to the way users perceive the end product. For instance, the
term “feeling cared for” depends on how the users think that using a
software can make them “feel cared for”. Given the subjectivity and
complexity of emotion, there is no way to guarantee that users will
actually feel cared for after using the end-product. It all depends on the
way they perceive the system.

Based on the analysis of the different theories of emotion,
Kissoon Curumsing (2017) argues that while most theorists agree that
the four components, namely cognitive processes, affect or subjective
feelings, physiological arousal and behavioural responses are important,
debate is still going on regarding the mandatory presence of all four of
them in every emotional event and the sequence in which they should
occur. Different theories of emotion have been proposed over time
which elaborate on the different sequence of components related to
emotion, but in general most theorists agree that perception is at the
beginning of each sequence of components. That is, perception is gen-
erally accepted as the trigger for an emotion. Hence, our consideration
of perception is justified. In our work, users’ emotional expectations or
users’ emotional goals refer to how users perceive the end product.

When asked about what they want from a system, users very often tend
to describe their expectations by highlighting features that they do not
want. In other words, they describe their requirements in terms of pain
points or in terms of negative emotions (Lopez-Lorca et al., 2014), for
example, “I don’t want to feel old” and “I don’t want to feel dependent on
others”. Lopez-Lorca et al. (2014) and Kissoon Curumsing (2017) describe
how these negative emotions can be mapped to one or a group of func-
tional, quality and/or emotional goals that the system should achieve in
order to document and then counteract these negative emotions through
an emotion model. We refer to these pain points as ‘emotional threats’.
They help to maintain traceability between negative emotions, identified
during the elicitation process, and the system’s goals.

3.2. Emotion-oriented methods

In this section, we describe the emotion-oriented techniques, which
were used (i) during the design and development of the SofiHub tech-
nology, (ii) to analyse the data collected from the SofiHub trial and (iii)
to identify any new requirements arising from the findings of these
trials. The next section describes how these techniques were applied
within the different development stages of SofiHub. Fig. 1 illustrates the
emotion-oriented development approach used for this case study.

3.2.1. Emotion-oriented requirements modelling
In recent work (Kissoon-Curumsing et al., 2014a), a comprehensive set

of emotion-oriented models were designed to support early-phase re-
quirements to detailed design to demonstrate how to capture the view-
points of stakeholders, in particular the emotional viewpoints, throughout
the entire process. Earlier agent-oriented models were extended to re-
present three types of goals namely, functional, quality and emotional.

Table 3 summarises the modelling support we use for this emotion-
oriented requirements engineering (EORE).

Role model
The role model enables us to model key user roles in the system and

associate emotional goals and expectations with each role. For example,
in our smart home system scenario key roles include cared-for ageing
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person, family member, professional carer, and maintenance personnel.
The expectations of the older adult is to feel cared about, safe, in-
dependent, in touch and unburdened of the obligation of routinely
getting in touch with their relative/carer (personal emotional goals). In
addition to that, they want a system that feels integrated in their life
and they also want to feel in control of the system (system-dependent
emotional goals).

Goal model
The goal model represents the functional goals of the system to be

developed along with any quality and emotional goals linked to the
functional goals. The goal model is a valuable tool widely used during
discussions with stakeholders. It provides an overall picture of the system
in terms of its goals (functional, quality and emotional) and roles asso-
ciated to these goals. It also represents how each functional goal can be
further decomposed and shows the link between the quality, emotional
and functional goals. The model also identifies the quality goals and
emotional goals attached to each particular functional goal.

A high level modelling icon set was developed to represent the
different goals as illustrated in Fig. 2 where the conventional

parallelogram and the cloud was used to represent the functional and
quality goals respectively. The heart shape was introduced to represent
the emotional goals. In this work, we briefly describe two of those
models which we applied in our case study.

Fig. 3 provides a meta-model for our goal models used in the case
study in this paper. A set of Roles and Goals are linked. Goals may be
Functional, Quality or Emotional goals of the system or user. Sub-
functional and Sub-quality goals allow for refinement of models.
Emotional goals may be positive or negative, that is, reflect positive
reactions or negative reactions to the system and its features. Each role
has a set of emotional goals they need to have either fulfilled (positive)
or avoided/minimised (negative) in the system being modelled. Mul-
tiple emotional goal models are used for large systems.

A number of checks can be performed on the emotion-oriented goal
models relating to completeness, correctness, and consistency.

• Completeness checks
– All emotional goals should be associated to a role, for instance, in
our case study, the emotional goals safe, independent, empowered,
in control, integrated, comfortable and privacy secured are associated

Table 2
Classification of emotions.

Theorist Reference #Emotions Basic emotions

Plutchik Plutchik (2001) 8 Acceptance, anger, anticipation, disgust, joy, fear, sadness, surprise
Arnold Arnold (1960) 11 Anger, aversion, courage, dejection, desire, despair, fear, hate, hope, love, sadness
Ekman, Friesen, and

Ellsworth
Ekman et al. (1982) 6 Anger, disgust, fear, joy, sadness, surprise

Frijda Frijda (1986) 6 Desire, happiness, interest, surprise, wonder, sorrow
Gray Gray (1985) 3 Rage and terror, anxiety, joy
James William (1884) 4 Fear, grief, love, rage
Matsumoto Matsumoto et al. (2005) 22 joy, anticipation, anger, disgust, sadness, surprise, fear, acceptance, shy, pride, appreciate,

calmness, admire, contempt, love, happiness, exciting, regret, ease, discomfort, respect, like
McDougall McDougall (1926) 7 Anger, disgust, elation, fear, subjection, tender-emotion, wonder
Mowrer Mowrer (1960) 2 Pain, pleasure
Oatley and Johnson-Laird Oatley and Johnson-Laird (1987) 5 Anger, disgust, anxiety, happiness, sadness
Panksepp Panksepp (1982) 4 Expectancy, fear, rage, panic
Parrott Parrott (2001) 6 anger, fear, joy, love, sadness, surprise
Tomkins Tomkins (1984) 9 Anger, interest, contempt, disgust, distress, fear, joy, shame, surprise
Watson and Rayner Watson and Rayner (1920) 3 Fear, love, rage
Weiner and Graham Weiner and Graham (1984) 2 Happiness, sadness

Fig. 1. Emotion-oriented development processes.

Table 3
Emotion-oriented requirements engineering enhanced models.

Model Description Emotional goals captured

Role model Provides an overview of the different roles involved in the system by listing out the
responsibilities, constraints and emotional goals associated with each role

Personal emotional goals

System-dependent emotional goals

Goal model Represents the functional goals of the system to be developed along with any quality and
emotional goals linked to the functional goals

Positive emotional goals

Negative emotional goals
Motivational scenarios High-level purpose of the overall system including functional, Quality and emotional goals Emotional description
Interaction model Describes the interactions between agents making up the system Annotated interactions with positive emotions

Annotated interactions with negative emotions
Scenario model Describes collective activity of how goals are achieved in system Rows to describe generally the emotional goals

achieved by the scenario
Columns for each activity to highlight the relevant
emotions

Behaviour model Describes what individual agents do in the system Annotations on states to model relevant emotions

Fig. 2. Icon set for functional, quality and emotional goals.
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to the elderly person while the emotional goal reassured is asso-
ciated to the carer/relative.

– All emotional goals should be related to at least one functional
and/or quality feature of the system, for example, in the goal
model represented in Fig. 5, the emotional goal reassured is linked
to the functional goal support independent living, which implies that
carers/relatives feel reassured if the system is able to support in-
dependent living.

– All functional goals should be refined to appropriate sub-goals, for
instance, in our smart home case study, the functional goal support
independent living is decomposed into learn user’s routine and be-
haviour which is further decomposed into issue notifications and
learn user’s routine and behaviour.

– Any missing emotional goals should be detected. This can be done
during the process where the goal model is validated with key
stakeholders of the system.

• Correctness checks
– Constraints as to which emotional goals can be linked to which
functional and quality goals need to be checked, for instance, in
our SofiHub scenario, the emotional goal safe is linked to the goal
detect anomaly because elderly people feel safe knowing that in
case of an anomaly such as a fall, the system will detect the
anomaly and escalate the incident to the service provider and/or
carer. Similarly, carers/relatives feel reassured knowing that the
service provider is supporting their elderly relatives in their day to
day living.

• Consistency checks
– Conflicting functional, quality and emotional goals should be re-
solved, for instance capturing people’s movement while ensuring
that they feel independent.

– Conflicting emotional goals, for example, positive and negative
emotion for the same sub-goal should be resolved.

Examples of goal models for our smart home scenario are given and
described later in this paper. The other emotion-augmented modelling
techniques outlined below have also been enhanced with this approach.

Motivational scenarios
Motivational scenarios provide the high-level description of the

purpose of the system in terms of functional, quality and emotional
goals. It reflects how the agents enacting a particular role are going to
achieve the goals assigned to them. For example, in our smart home
scenario we have an overarching goal of providing technology-support
care via passive monitoring. We capture scenario descriptions from
carer, relative and elderly adult viewpoints including quality goals. We
also capture emotional goals such as reassurance of wellbeing (family),
adherence to medication and exercise (carer), and independence and
safety (elderly adult).

Interaction model
The interaction model represents a set of interactions that exist

between the different agents within the system. It is expected to have
several interaction models for a particular system whereby each model
represents a particular scenario or functionality of the system. We
model this on UML-style sequence diagrams and annotate the interac-
tions between system and user with appropriate emotional goals to
document where these impact usage. For example, in our smart home
scenario we capture potential anxiety around elderly adult and re-
membering to take medication, and security for relative provided by the
medication reminder function.

Scenario models
A scenario is a behaviour model which represents a collective ac-

tivity that models how a particular goal is achieved by agents enacting
particular roles. A system can have more than one scenario depending
on its complexity and number of functionalities involved. Each scenario
provides information about a particular functionality by identifying the
associated quality and emotional goals, the initiator of the function,
how the function gets triggered and the set of activities linked with this
function. We added rows and columns to capture emotional goals as-
sociated with activities. For example, when the system calls for help in
terms of a detected anomaly, emotional goals such as safety is being
contributed to.

Behaviour models
A behaviour model focuses on what individual agents do within

the system. There are two kinds of behaviour models namely beha-
vioural interface models and agent behaviour models. The behavioural
interface model captures the different behavioural units (activity) and
interface (trigger, pre-condition and post-condition) for each unit. The
agent behaviour model describes the behaviour of an agent in terms of
rules and triggering messages. We annotate with additional rows to
capture relevant emotional goals for activities, triggers and conditions.

3.2.2. Emotion-oriented requirements elicitation process
We make use of an adaptation of two existing techniques, namely

content analysis (Patton, 2002) and affinity diagram to elicit emotion-
oriented requirements (Kissoon Curumsing, 2017). Content analysis is a
technique for analysing content that may consist of words, meanings,
pictures, symbols, ideas, themes, or any message that can be commu-
nicated (Patton, 2002). The text is searched for recurring words or
themes to identify core consistencies and meanings. Content analysis
involves identifying, coding, categorising, classifying and labelling
primary patterns in the data. The coding process starts with a complete
view of all the collected data. In the initial reading, the analyst can start
visualising some coding categories and patterns but the actual coding
occurs in the second reading. Content analysis relies on the skill of the
analyst in being able to recognise patterns in the data and being able to
find appropriate terms to label them.

During the analysis session, an affinity diagram is then used to organise
the identified patterns and codes into a hierarchy to draw higher-level
concepts out of the data (Baxter et al., 2015; Dix, 2004). The patterns and
codes are grouped together by related themes to create a story about the
phenomena studied (Tufte, 1991). The affinity diagram is built bottom up.
Individual ideas are grouped into common themes, suggesting categories
to which they belong, using an inductive process.

3.2.3. Emotion-oriented design and implementation
Incorporating users’ emotions during the software design and de-

velopment phases is an area that has only barely been explored to date
and no well defined technique has yet been proposed to incorporate
emotional goals during the design and implementation phases. Personas
have been used to bridge the gap between the requirements and design
phases but nothing beyond that has so far been mentioned
(Kissoon Curumsing, 2017).

Fig. 3. Meta-model for the emotion-based goal model.
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Our team is currently exploring ways to formalise the process of
including emotional goals during the design and implementation
phases. In this case study, the users’ emotional goals were commu-
nicated to the engineers through the emotion and goal models. We also
conducted discussions and workshops to ensure that the engineers (i)
understood the importance of each goal and (ii) included these goals
within the design and implementation phases of the project. Further
details on how these goals were included during the design and im-
plementation phases will be provided in Section 4.2.

3.2.4. Emotion-oriented system evaluation
In previous work (Kissoon-Curumsing et al., 2014b), we described

the iterative design of an emotion-oriented questionnaire which was
used as an evaluation tool within a case study involving elderly people.
This tool was then further refined to address the shortcomings of the
previous version (Kissoon Curumsing, 2017). The main problems with
the initial version consisted of (i) too many statements to fill, which
were tiring for elderly people (ii) difficulty in understanding the
meaning of the terms used and (iii) difficulty to quantify the data.

The new version was based on the Attrakdiff questionnaire, an ap-
proach used to assess users’ feelings through a 28 item questionnaire
where each pole consists of opposite adjectives, for instance, “confusing -
clear”, “ugly - attractive”, “good - bad” (Hassenzahl, 2007). A similar
questionnaire was designed for our case study, consisting of a set of cor-
responding emotional threats and goals, placed at different ends of each
pole. The terms used to describe the emotional goals were also simplified
to make them simple to understand by common people. This tool was
provided to participants at different intervals. Further information on the
case study and the trial are provided in the next section.

4. Case study of using emotion-oriented requirements engineering

This section introduces our case study example of a smart home
technology, SofiHub, and describes our case study of using Emotion-
oriented Requirements Engneering for SofiHub’s analysis, feature de-
sign and validation using human trials. It also describes how the emo-
tion-oriented techniques were applied at different stages of the devel-
opment process.

4.1. SofiHub features

SofiHub is a smart home for elderly people, developed to provide
assistive services to enable older people to continue to live in their own
homes. The technology differentiates itself due to use of network con-
nected low-cost sensors, having an IoT platform with an aged-care
component and built-in AI capability that can learn and adapt to a users
behaviour. The goal of this system is to provide reminders (hydration,
medication), identify potential security risks (back door has been left
open), identify anomalous situations and to automate the physical en-
vironment (heating, cooling).

The SofiHub project has been developed by a team of software en-
gineers, data scientists and academics working together. The team skills
consist of software design and development, product and team man-
agement, mathematical modeling, data analysis, software testing and
requirements capture. Their experience ranges from graduate level to
senior engineers and academics. The team follows the Agile develop-
ment process. Work on SofiHub started in early 2015 and is due to
conclude soon.

The system functions include, issuing user specific reminders such
as appointments and special events, hydration and medication re-
minders that can be setup to be triggered by user activity, issuing alerts
when anomalous behaviour is detected (eg: user is spending an ab-
normal time in bed), and a carer UI which enables family and carers to
check on user activity and receive customizable reports summarizing
user behaviour.

4.2. SofiHub emotion-oriented requirements engineering

Prior to designing the smart home technology, we conducted a lit-
erature review on similar products already existing in the market, fo-
cusing mainly on users’ expectations and concerns regarding these
systems. We applied the concept of content analysis while going
through each research paper, survey and field study to identify the pain
points and needs of the users. Some of the concerns identified during
this process were with regards to privacy issues, complexity of the
system, invasiveness and, the users feeling monitored, dependent and
controlled (Fernando et al., 2016). An affinity diagram was used to
group the key words, identified during the content analysis process,
into different categories namely threats, emotional goals, functional
goals and quality goals. The identified threats were further explored to
derive corresponding emotional, functional and/or quality goals. For
example, ‘feeling dependent on others’, ‘controlled’ and ‘monitored’ were
mapped to the functional goal ‘supporting independent living’ and the
emotional goals ‘independent’ and ‘in control’. An emotion model, re-
presented in Fig. 4, was then used to represent the mapping between
the identified threats and their corresponding set of functional, quality
and emotional goals.

The output from this process and the emotion model (functional,
quality and emotional goals) were then used to generate the goal model
which we present in Fig. 5. We briefly describe each key emotional goal
identified for the SofiHub system:

• Reassured: The main goal of relatives and carers of the older person
was to feel reassured of the well-being of the older person. By
supporting independent living, the aim of the system was to reassure
the relatives and carers of the wellbeing of their older relative.
• Independent: The elderly adults wanted to feel independent by being
able to live as they please. They did not like being monitored by
others.
• In control: The elderly adults wanted to have full control over their
life.
• Safe: Knowing that someone or the system can detect an anomaly
(for example in case they had a fall) made the older person feel safe.
• Integrated: The system had to be well integrated into the daily lives
of the older adults.
• Comfortable: Many older people are afraid of using technology. One
of the emotional goal was therefore to make them feel at ease with
the technology in place.
• Empowered: The system made the users feel more confident in con-
trolling their lives by building up their comfort and confidence
around technology use.
• Privacy secured: Users are relieved about the privacy of their in-
formation. Data collected through the sensors are well secured and
no intruders can hack those sensitive information.

These identified goals were then communicated to the design and
development team via a series of workshops, and then the first iteration
of SofiHub was developed. During these workshops, the goal model was
used as a baseline to initiate discussions on the functionalities that the
system should have. For instance, to ensure that users felt in control,
only two set of messages were included in the system, namely, the
morning messages and the medication reminders. The rationale behind
this decision was to avoid overwhelming the users with too many
messages. Similarly, in order to ensure privacy, all the data captured by
the sensors were kept within the hub and nobody, except for those
authorised by the ethics committee, had access to these data.

4.3. Trial and SofiHub emotion-oriented evaluation

The initial phase of SofiHub was trialled by deploying it in ten
homes of elderly people, for twelve weeks, to test its technical func-
tionality as well as to investigate if the system is capable of meeting
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users’ emotional goals. Fig. 6 illustrates the research model employed in
the trial. As can be seen in Fig. 6, the trial was carried out in several key
stages. Firstly, the participants were interviewed prior to installing
SofiHub in their homes to capture how they viewed technology. Before
the start of the first interview, the participants were provided with a
description of the smart home technology and informed about its
functionality. Trial participants were also required to nominate a family
member/carer to monitor their progress for the duration of the trial.

SofiHub was then installed in their homes, and six weeks after in-
stallation, the participants’ views were captured again to examine their
experience with SofiHub. At the end of the twelve week period, SofiHub
was removed from the participants’ homes, and at that point, they were
interviewed again to evaluate the impact of the smart home technology

and if it has affected their emotions. Finally, one week after SofiHub
was uninstalled, the participants and their nominated carers were in-
terviewed again about their experience with SofiHub.

The participants were recruited according to the following criteria:

1. over the age of 65 years,
2. living independently, or with a partner or pet, in private dwellings,
3. relatively fit and healthy, requiring only minor assistance in their

day-to-day activities,
4. able to communicate confidently in English.

4.3.1. Data collection tools
We used four data collection tools namely (i) sensors, (ii) daily

checklists, (iii) interviews and (iv) emotion-oriented questionnaires.
Sensor data was collected from the motion and contact sensors

installed in the homes. These recorded motion, opening and closing of
specific doors, air temperature and humidity. The main uses of sensor
data were to test the accuracy of sensors and the AI component of
SofiHub. The data was locally stored in the SofiHub, while the re-
searchers were able to retrieve data dumps at selected periods to carry
out the testing.

Daily checklists were used to record information about particular
activities in participants’ daily schedule. These included information
about going to bed in the night, waking up, visitors, doors that were
kept open, going out of the home and returning home. The participants
were requested to fill the checklists on a daily basis. These checklists
were then cross checked against the data recorded by the sensors during
the weekly face-to-face interviews. The main objective of this was to
establish ground-truth to verify the results of SofiHub’s AI component
and to validate the sensor data.

The emotion-oriented questionnaire was designed based on the
technique proposed by Kissoon Curumsing (2017). For each emotional
goal identified, we (i) identified the corresponding emotional threat from
the emotion model and (ii) defined common terms for both the emotional
goal and emotional threat, which can be easily understood by common
people. For example, the terms ‘I feel comfortable about being monitored’ and
‘I feel anxious about being monitored’ were used to assess the emotional goal
‘independent’. A Likert scale of 5 points was used to facilitate the analysis of
results. The complete questionnaire is provided in the appendix.

Interviews were conducted at different intervals. The initial inter-
view questions were designed to find out about (i) the participants’
background; (ii) use of technology; and (iii) routines, for example, time
they wake up and go to bed and medications. Each participant was
asked to describe their daily routine within a typical day and provide
details about their living circumstances. In terms of technology use,
participants had to provide information about how far they are con-
versant with using technology and how they see technology as an ev-
eryday support. A weekly interview was also conducted to cross check
the data collected from the sensors against the data inserted in the
checklist. The main aim of this interview was to check the validity of
the data picked by the sensors. The mid interview questions were
centered around the user’s experience with the smart home technology
in terms of (i) the messages, (ii) its frequency, (iii) the tone, (iv) content
and (v) whether they were annoying or obtrusive in any way. The post
interview was designed to find out about (i) the user’s overall experi-
ence with the tool, (ii) their willingness to buy a similar product and
(iii) whether they missed SofiHub. A complete set of the interview
questions is available in the appendix.

5. Emotion-oriented evaluation process

The SofiHub trials generated a large amount of data in terms of
interview transcripts and questionnaires. In this section, we present the
emotion-oriented method used to analyse these data and present the
findings from this process. We also reflect on the implications of these
findings for our next set of trials and design changes.

Fig. 4. SofiHub emotion model.

M.K. Curumsing et al. The Journal of Systems & Software 147 (2019) 215–229

222



5.1. Qualitative data analysis method

5.1.1. Analysis of interview transcripts
We applied content analysis described in Section 3 to each of the in-

terview transcripts and with the use of an affinity diagram, we derived a
set of themes related to our study. Three researchers were involved in the
whole process. Two of them went through the whole set of interview
transcripts, generated from the trial and followed the following process:

• Highlighted content which was relevant to the study, for example,
words or phrases such as “The fact that Im old, I dont like change”, “I
wait for it each morning” and “I miss the morning messages”.
• Included highlighted content to a different document (content
analysis results document) with proper annotations, so that they
could be traced back to their source. For example, if a fifth statement
from the second interview of participant one was being included,
then the statement was annotated as P01.2E, where P01 referred to
participant one, 2 referred to the second interview and E referred to
the fifth highlighted statement in the original document.
• Using an affinity diagram, organised the identified emotion-oriented
patterns/content under relevant themes, for example, “It feels less
lonely” and “In a way, it feels as there’s somebody looking after you”
relate to the emotional goal “less lonely” and hence these contents
were added under a theme “Reduced loneliness”.

Once all the transcripts were analysed by both researchers, the notes
on both affinity diagrams were reviewed and reconciled by all three
researchers to ensure consistency and objectivity. Similar patterns were
grouped together, existing themes were merged and in some cases, new
themes were created to provide a clearer representation of all the key
findings. A screenshot of the affinity diagram is provided in the
Appendix.

5.1.2. Analysis of data from emotion-oriented questionnaires
Each participant had to fill three set of questionnaires throughout

the trial. For each participant, the data from each questionnaire was
recorded and a set of charts was generated to show the trend in their
perception of SofiHub at different intervals. Another set of charts were
generated to portray the evolution of users’ perceptions over time for
each item in the questionnaire. Both set of charts are available in the
Appendix.

5.2. SofiHub findings and wider implications

The findings from the SofiHub evaluation revealed different aspects
related to the functionalities of SofiHub and the users’ emotional re-
actions and experience. Here we focus on the findings related to the
impact that SofiHub had on users’ emotions and generalise these to
emotion-oriented software requirements engineering more generally.

Fig. 5. Goal model.
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SofiHub was shown to successfully have addressed the target users’
key emotional goals, in particular, SofiHub made its users feel safe,
supported, cared about, reassured, reduced their loneliness and, the
technology was well integrated in their lives. In the next sections, we
reflect on findings with regard to each of these key emotional goals and
their more general implications for emotion-oriented requirements
engineering.

5.2.1. Reduced loneliness
‘Loneliness’, often used interchangeably as ‘social isolation’ refers to

a subjective concept resulting from a “perceived absence or loss of
companionship” (Dickens et al., 2011). Social isolation, on the other
hand, refers to the lack of structural and functional social support.
While social isolation can be a chosen path or imposed due to the cir-
cumstances of the person, loneliness is always involuntary
(Dickens et al., 2011). Both Loneliness and perceived social isolation
are major problems faced by many older adults living at home
(Cattan et al., 2005). Retirement, the death of close ones and friends,
living alone, low morale, limited mobility coupled with restricted ac-
cess to private transport and the decline in their physical and mental
capacity to go out or interact with people, create barriers in forming
new and maintaining existing relationships with people (Petersen et al.,
2014; Alcock et al., 2014; Dickens et al., 2011).

Our evaluation analysis showed that SofiHub helped in alleviating the
feeling of loneliness among several participants. This came as a surprise,
given that we did not cater for this emotional goal within our initial de-
sign. During the time that SofiHub was in their homes, participants re-
ported that they looked forward to the messages and felt that ‘someone’
was in the house with them. Another set of feedback retrieved during the
post interviews, a week after SofiHub was uninstalled revealed that most
participants missed the “voice”, that “somebody” in their house. They also
talked about how lonely it felt without SofiHub. Similar findings were
found from the interviews with the relatives of the participants.

This unexpected addressing of what turned out to be a key emo-
tional goal of stakeholders - combating loneliness - suggests that emo-
tion-oriented requirements engineering requires considerable feedback
between requirements, design and evaluation, but also support to try
and find “missing” emotional goals, positive or negative.

Our analysis also shows that while the elderly persons felt lonely
and seek company from their close ones, they still wanted to maintain
their independence and have control over their lives. At this stage of
their lives, they wanted to feel cared about and in touch with their
loved ones. Unfortunately, in many cases, this is often misunderstood as
the elderly person requiring constant care and support. This often re-
sults in the relatives/children forcing the elderly person to move to a
nursing home (Pedell et al., 2013; Kissoon Curumsing, 2017) as a show
of care and concern for the elderly. Having SofiHub around the house
made the elderly person feel cared about as they felt that someone was
concerned about them and talked to them on a daily basis, something
which, in many families, relatives/children do not have time to do.

This loneliness vs independence vs control emotional goal interac-
tion highlights how different emotional goals interact in complex ways
and impact on functional and quality goals of the system. It also
highlights how these must be carefully balanced when reasoning about
goals impacting functional features and how to prioritise and balance
goals. Should alleviating loneliness take precedence over reducing de-
pendence? Should sense of control be less or more important than
carer’s understanding of need for support? Do different users have
differing priorities between these goals, and if so, how do we best de-
sign the system to support this?

5.2.2. Feeling safe and reassured
One of our key initial goals identified for SofiHub was to make el-

derly adults feel safe and reassure them, as well as their relatives, that
SofiHub can support them in their day to day activities. During the
interviews, all of the participants confirmed that they felt safe with
SofiHub around.

Data from the questionnaires (administered pre-trial, mid-trial and
post-trial) showed that four out of ten participants remained constant
(over the three collection points) on how safe they felt with SofiHub.
The questionnaire used the Likert scale range 1–5, with 1 being “I feel
insecure with SofiHub around” and 5 being “I feel secure with SofiHub
around”. At the start of the trial, one participant out of ten reported a
value less than 4, which showed overall positive perception of SofiHub,
and at end of the trial all participants reported a value of 4 or more on
feeling secure with SofiHub (See Appendix D).

Our findings revealed that the participants felt supported
throughout the duration of the trials, they felt safe and reassured that in
case something happened, the system would alert someone.

This highlights how reaction to a system meeting emotional goals
may well change over time of deployment (positively or negatively) and
hence may require feedback to the requirements priorities and trade-
offs. As in the previous goal interaction example, it may also require the
system to support different priorities between goals for different users.

5.2.3. System is integrated in user’s life
One of the reasons linked to the failure of the adoption of tech-

nology by older adults is because older people perceive new technology
as being complex, hard to learn and thus leading to frustration. When
asked about their views on technology use, one participant mentioned
“Its a nuisance, everything’s a nuisance... ” while others termed it as
“scary” and “frustrating”. While designing SofiHub one of the most im-
portant considerations was to ensure that the system is well integrated
in the user’s life i.e. to ensure its functional features and quality goals
minimize these negative technology reactions. Interestingly, during the
mid and post interviews when asked about their experience with
SofiHub, in particular its interaction messages, the same participants
reacted positively to SofiHub.

The relevant questionnaire item used the Likert scale range 1–5,
with 1 being “I feel that SofiHub gets in my way” and 5 being “I feel
that SofiHub improves my day to day life”. At the start of the trial only
two participants out of ten reported a value of 3 (the minimum value
reported), and at the end of the trial also, only two participants reported
a minimum value of 3 (See Appendix D). The general consensus was

Fig. 6. Research model.
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that SofiHub was part of their routine and they waited for the morning
messages.

As discussed in Section 2, research into smart homes and emotions
and software has consistently shown that such technologies will not be
adopted, or not used to their best potential, without fitting well into
users lives. In systems where there are similar critical goals that must be
met, emotion-oriented requirements engineering and evaluations need
to prioritise the achievement of such outcomes. Thus emotional goals
are not all created equal - some are absolutely critical to meet (positive)
or minimize/eliminate (negative) else the system as a whole will fail.

5.2.4. In control
Section 2 highlighted that feelings relating to loss of control is a key

concern affecting elderly users in technology adoption (Balta-Ozkan
et al., 2013; Fernando et al., 2016). In particular, the perception that
assistive technology may ‘control’ the user in their own home can in-
voke negative emotions.

In this trial, this was measured from questionnaire item using the
Likert scale range 1–5, with 1 being “I feel that I am being controlled
with SofiHub” and 5 being “I feel that I am in control with SofiHub”. At
the start of the trial only one participant out of ten reported a value of 3
(the minimum value reported), and at the end of the trial also, only the
same participant reported a minimum value of 3 (See Appendix D). This
shows that overall, the participants felt that they were in control when
using SofiHub.

As in the previous subsection, this maintaining control / not feeling
”being controlled” by technology solutions are top priority emotional
goals of the target end-users of the system. In other systems, there may
be other top priority emotional goals to meet to ensure its adoption and
sustainable usage.

5.2.5. Privacy and invasiveness
Another design consideration was made to ensure that the privacy

of the occupants were not threatened. This was measured using two
relevant questionnaire items, both using the Likert scale range 1–5. The
first item evaluated how the participants felt about having sensors in
their home and in effect, monitoring their activities. Here, level 1 was “I
feel anxious about being monitored” and level 5 was “I feel comfortable
about being monitored”. At the start of the trial only one participant out
of ten reported a value of 3 (the minimum value reported), and at the
end of the trial, all of the participants reported values of 4 and more
(See Appendix D).

The second item evaluated if the participants were concerned about
their privacy being violated by having SofiHub in their homes. Here,
level 1 was “I feel concerned about my privacy with SofiHub around”
and level 5 was “I feel that my privacy is secure with SofiHub around”.
At the start of the trial all of the participants reported values of 4 and
more, and this was the same at the end of the trial (See Appendix D).

Thus, findings from interview and questionnaire data shows that
overall, participants did not feel that SofiHub was being invasive nor
did they feel that their privacy was being violated.

Privacy of data and personal behaviour, location and movement has
become central to many Internet of Things / Smart Environment solu-
tions. Many such systems will need to try and maximise positive feel-
ings about privacy support, and minimize negative feelings about
privacy invasion, data loss, and related technology concerns. Our
SofiHub experience has shown that our emotion-oriented approach to
this aspect of technology can be captured, designed into the solution,
and evaluated with target end users.

5.2.6. Other views on using SofiHub
In addition to the key emotional goals evaluated in previous subsec-

tions, we also measured four other emotions; namely, feeling excited about
having SofiHub, feeling confident about using SofiHub, feeling that
SofiHub increases their comfort, and feeling that SofiHub runs smoothly.

These were measured using four questionnaire items, using the

Likert scale range 1–5. For measuring feeling excited, level 1 of the
Likert scale was “I feel worried about having SofiHub around my house”
and level 5 was “I feel excited about having SofiHub around”. At the
start of the trial only one participant out of ten reported a value of 3
(the minimum value reported), and at the end of the trial also only one
participant reported a minimum value of 3. For measuring feeling
confident, level 1 of the Likert scale was “I feel scared about using
SofiHub” and level 5 was “I feel confident about using SofiHub”. At the
start of the trial, all of the ten participant reported values of 4 or higher,
and this was repeated at the end of the trial as well. For measuring
feeling that SofiHub increases comfort, level 1 of the Likert scale was “I
feel that SofiHub increases my discomfort” and level 5 was “I feel that
SofiHub increases my comfort”. At the start of the trial three out of the
ten participant reported a value of 3 (the minimum value reported), and
at the end of the trial only one participant reported a minimum value of
3. For measuring feeling that SofiHub runs smoothly, level 1 of the
Likert scale was “I feel that SofiHub is a complicated system” and level
5 was “I feel that SofiHub runs smoothly”. At the start of the trial only
one participant out of ten reported a value of 3 (the minimum value
reported), and at the end of the trial all of the participants reported
values of 4 or higher.

These findings show that in general, the participants felt excited to
have SofiHub installed in their homes, were confident in their ability to
use it, felt that SofiHub increased their comfort, and that SofiHub op-
erated smoothly.

More generally, as discussed in Section 2, these are also important
goals for both smart homes and elderly-oriented software solutions in
general such as pendants, apps, portals and others. In fact, any Internet
of Things-based system with user interaction with non-technical end
users will have emotional expectations around addressing emotional
concerns around complexity, discomfort, and reliability.

5.2.7. Emotional threats
The data collected during the interviews also revealed some emo-

tional threats experienced by the participants during the trial. These
concerns were mainly linked to issues with functionalities. Given that
the technology was plugged in to a power socket and relied on elec-
tricity, a couple of incidents linked to power failure or accidental dis-
lodgement of the power supply were noted during the trials. Users
raised concerns about the system being disrupted and the delay in
playing the messages. In some cases, the users were worried that they
might have ‘upset’ or ‘confused’ the system.

Again as in the previous subsection, these are likely to be common
emotional threats in any non-technical end user system relying on
sensors, power connections, natural language or gesture based inter-
actions and so on. Using our emotion-oriented requirements en-
gineering and evaluation approaches for these systems is likely to in-
form developers of these concerns and help them to try and mitigate
them in their designs and implementations.

5.3. Implications of findings on the next generation of SofiHub

The findings from these trials are being used to refine the tool and
research methodology. The next generation of the tool will be trialled in
the homes of 13 older adults, out of which 3 participants had participated
in the recent trials and the remaining 10 have never used SofiHub before.

Based on our findings, we identified two new emotional goals
namely, ‘feeling less lonely’ and ‘feeling cared about’ which were ad-
dressed by the ‘issue messages’ functional goal. During the interviews,
most of the participants talked about how they waited for the morning
messages to play. They were mostly pleased with the variation in the
messages and some of them queried about the possibility of having
night messages. While the next generation of SofiHub will maintain
most of its functional goals, two new emotional goals (‘less lonely’ and
‘cared about’) and a quality goal ‘chatty’ has been included in the refined
goal model as shown in Fig. 7.
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We will also expand our research to study the extent to which smart
home technologies are successful in alleviating loneliness. Our updated
questionnaire and interviews will include statements and questions,
respectively, to address the emotional goal of ‘feeling less lonely’. We will
also make use of a well established UCLA loneliness scale to assess the
level of loneliness at different time periods: (a) prior to the installation
of SofiHub in their homes, (b) in the middle of the trial and (c) after
SofiHub is removed from their homes.

These findings are important for a wide range of other smart home
solutions and software or devices aimed at elderly or users with mental
and/or physical challenges. Assisting to address loneliness among the
elderly has become a major mental health challenge and representing
these emotional goals in requirements, addressing them in functional
features and their realization, and evaluating how well the goals are
met are likely to be important for many other smart home solutions.

6. Threats to validity

Emotional goals: The emotional goals that we have developed re-
present a good starting point to emotional-goals for smart home tech-
nologies. However, these goals are based on the state-of-the-art in the
literature as well as our findings from the initial workshops and trials
on our solution. This explains why in our trials we learned about two
missing goals in our original model – as reported above – which will be
integrated with the initial model and used in phase 2 SofiHub devel-
opment and trialling.

Target systems: We do not have access (and have not done trials)
with other leading edge smart home solutions to conduct concrete pain
point analysis in order to be able to derive different emotional goals,
different priorities, and evaluate them with competing systems and
approaches.

Emotional goals during System Design: There is no formal process to
communicate and make sure that the system is being designed fol-
lowing the identified emotional goals e.g. when designing a user in-
terface, implementing interaction features and feedback in the soft-
ware. In our case, we have been involved with the development team
on regular basis, and we have worked on the design and roll out of the
trials, as well as the evaluation of the findings. The analysis conducted
was mainly qualitative and subjective based on participants feedback.
Hence we are looking to extend the size of our next trials to include
more participants, which would help us to assess if our analysis and
findings are significant or not.

Findings from the trials: Even though user emotional expectations is
a subjective concept, the data analysis process was conducted objec-
tively using the process of content analysis to eliminate subjectivity as
much as possible. Each interview script and questionnaire was analysed
by more than one researcher and the compilation of the synthesised
notes was conducted by a group of 3 researchers. Hence in terms of
reliability, the findings of this study were not dependent on any specific
researcher. We are working on a more quantitative technique that maps
emotional goals to a set of computable metrics that can be calculated
over time to reflect goals like connected, loneliness, etc. using

Fig. 7. Refined goal model.
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interactions between SofiHub and residents. Another threat to validity
is the duration of the trials. Although our trials took three months, we
are planning to extend this to longer period and introduce monthly
interviews & surveys in addition to interaction metrics as mentioned
above.

Even though this study was conducted with only 10 older adults, we
argue that this study can be extended to other people. The participants
involved in our case study were representative of the population of
elderly adults and, therefore, if this study was extended to more par-
ticipants, similar results would be anticipated. We are planning to in-
crease the number of participants in the next trials.

7. Discussion

In this work, we presented a set of emotion-oriented requirements
engineering and evaluation techniques, which we applied to design and
evaluate our new Smart Home TechnologyÂ - SofiHub. Designing sys-
tems with an emotion-oriented approach entails a number of chal-
lenges. First of all, emotion-oriented techniques are not mature enough.
For example, our technique has been trialled on four real-world sce-
narios until now. Second, given the subjective nature of emotions, it is
hard to develop a solution that satisfies everyone. Third, incorporating
users’ emotional goals without a well-established methodology is not
only challenging but also daunting for software engineers. Based on our
findings, we argue that our emotion-oriented techniques used to design
SofiHub were successful in capturing users’ goals, in particular, their
emotional needs given that, most of the participants responded posi-
tively to SofiHub and even expressed their willingness to adopt the
technology. Their only concerns with adopting this technology were
linked to (i) cost and (ii) response time to generate an alert in case of an
emergency. SofiHub not only addressed the set of emotional goals
identified at the beginning of the trial but also helped in alleviating
loneliness and making its users feel cared about.

We therefore reiterate that our proposed techniques are valuable
tools that can be used to capture, model and evaluate users’ emotional
expectations. The elicitation and modelling techniques can be in-
tegrated within existing requirements engineering processes, thus
adding value to the overall set of requirements. Furthermore, they can
be applied and extended to other projects with a user-centered focus,
within different domains. Applying the emotion-oriented elicitation
technique within such systems, can help in identifying potential con-
cerns related to the way users feel about the system at a very early stage
in the software development cycle. In addition, project managers and
requirement analysts can use these emotion-oriented models, in parti-
cular, the goal model, to develop an additional layer to identify how
well emotional goals have been captured and to uncover any hidden
requirement. These elicitation and modelling techniques can hence
contribute towards the completeness of the set of requirements, im-
proving the quality of the software and reducing the redesign costs and
development time, as project managers and engineers have a clearer
picture of what end-users want. Knowing what users want can also help
in improving the productivity of the development team as they do not
have to guess or imagine what would satisfy the users.

Our proposed emotion-informed questionnaire can be used to
evaluate solutions where emotional goals are important and that they
are being suitably addressed in the software solution. It is worth noting
that emotion being subjective and complex, the proposed tool might not
provide adequate information regarding the extent to which emotional
goals have been achieved. They are, however, simple to use and provide
a quick insight into the extent to which emotional goals have been
achieved. Our recommendation is to use this emotional assessment tool

along with some other existing qualitative data gathering tool such as
interviews like we did in this case study.

Based on our observations from the workshops with the develop-
ment teams, we determined that even though the models provided the
developers with a clearer picture of the end-users and their needs, they
were insufficient in self guiding them throughout the design and im-
plementation processes to ensure emotional goals are met.
Interestingly, in the area of game design, designers are adept at de-
veloping games which are meant to be ‘fun’, ‘interactive’ and ‘enga-
ging’. These designers use design patterns and follow design guidelines
to create games (Bjork and Holopainen, 2004). Unfortunately, this
wealth of knowledge has not fully permeated in the software en-
gineering field. The models, presented in this work, could be applied
and further extended to create a set of design guidelines and heuristics
to guide designers in their task. Similarly, a set of software development
guidelines or checklists can be created such that developers can be
provided with specific guidance to ensure that emotional aspects are
accurately considered/implemented. Additionally, further goal re-
presentational enhancements e.g. annotations, stereotypes, constraints,
links could be added to UML and other design-level software artifacts.

According to some researchers, the acceptance and adoption of a
technology depend mainly on the technology’s benefits, cost and re-
lative advantage over other alternatives as well as the complexity of use
(Davis, 1989; Karahanna et al., 1999; Venkatesh, 2000; Venkatesh
et al., 2003). Others identify user emotional expectations as a critical
determinant for the adoption and acceptance of a technology (Demiris
et al., 2004; Pedell et al., 2013; Miller et al., 2015; Ramos et al., 2005).
Our findings show that when it comes to adopting and accepting a
technology, many factors other than the users’ emotional goals also
come into play, such as the cost of the technology and the response time
to generate an alert in case of an emergency.

8. Conclusion

Capturing, modeling and realizing emotional goals is a key enabler
to the adoption of socio-technical or people-oriented systems. This work
contributes towards emphasising the importance of such emotional
goals during system design and provides a set of emotion-oriented
techniques to engineer a smart home technology.

In this paper, we have applied emotion-oriented techniques to de-
velop SofiHub, a smart home technology for elderly people. We have
presented a Smart home emotion and goal model that represent key
goals that should be taken into consideration when building a smart
home solution. We presented SofiHub that was designed following
emotion-oriented requirements modeling approach. Finally, we have
presented details of our trials in 10 houses. Our findings show that the
SofiHub solution has met the emotional goals we have identified ear-
lier. We also have identified two goals that we did not consider in the
initial design: alleviating loneliness and cared-about. Furthermore, our
findings and study show that user emotional expectations are a critical
determinant to the success of a technology. As part of our future work,
we intend to formalise the approach used to bridge the gap between the
requirements and design phases.
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No. Name Contents

A Appendix A Contains the questionnaires and the daily checklist used during the trial.
B Appendix B Contains a set of interview questions used during the trial.
C Appendix C Contains the Affinity Diagram derived from the analysis of the interview transcripts.
D Appendix D Contains the questionnaire data (in charts).

Supplementary material

Supplementary material associated with this article can be found, in the online version, at doi:10.1016/j.jss.2018.06.077.
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