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Abstract. Although now well established, our information systems engineer-
ing theories and methods are applied only rarely in disciplines beyond systems
development. This paper reports the application of the i* goal modelling lan-
guage to describe the types of and relationships between quality of life goals of
people living with dementia. Published social care frameworks to manage and
improve the lives of people with dementia were reviewed to synthesize, for the
first time, a comprehensive conceptual model of the types of goals of people
living with dementia. Although the quality of life goal model was developed in
order to construct automated reasoning capabilities in a new digital toolset that
people with dementia can use for life planning, the multi-stage modelling exer-
cise provided valuable insights into quality of life and dementia care practices
of both researchers and experienced practitioners in the field.
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1 Introduction

Information systems engineering theories and methods are well established in their
disciplines. Outcomes from basic and applied research results that are reported in
conferences such as CAiSE have transformed into maturing information systems
engineering practices. Examples of these practices include business modelling for-
malisms [1], product variability and configuration management mechanisms [4], and
goal modelling techniques [31]. In turn, these maturing practices have created new
research opportunities in information systems engineering and other disciplines.

Unsurprisingly, however, most reported information systems engineering practic-
es have been undertaken by people working to model and analyze more traditional
types of information systems in domains such as person-centric healthcare [5] and air
traffic management systems [15]. By contrast, there has been relatively little cross-
discipline use made of the research and practices in domains as diverse as creative
leadership, sports training and the care of older people. Alas, this current limited use
represents missed opportunities.



One missed opportunity, which is the focus of this paper, is to support the care for
people living with chronic diseases such as dementia. Dementia has emerged over the
last decade as a major societal challenge due to the increased ageing of populations,
especially in more advanced economies. As well as becoming a new social care chal-
lenge and a source of individual human distress, it has major economic impacts — the
economic cost of dementia worldwide has been estimated to be US$818 billion an-
nually, rising to USS$2 trillion by 2029 [20].

In this paper we report the use of an advanced goal modelling method from infor-
mation systems engineering to understand, model and synthesise existing social care
frameworks of quality of life of people living with dementia. The paper presents a
new goal model of quality of life to be used for the development and implementation
of automated reasoning capabilities to be embedded in EnableSelfCare, a new toolset
for quality of life planning by people living with dementia.

The rest of this paper is in 5 sections. Section 2 summarises dementia and its im-
pacts, and reports on examples of social care and digital research and practices that
have been developed to improve the lives of people living with dementia. Sections 3
and 4 outline the new EnableSelfCare toolset under development and the rationale
for using the i* goal modelling language to model quality of life as part of the toolset.
Section 5 reports the development of the new quality of life goal model, and demon-
strates the model’s characteristics with indicative examples. The paper ends with an
exposé of insights gained from the application of the goal modelling language to a
social care problem, and draws first conclusions for uses in other non-engineering
domains.

2 Dementia Care Practices and Technologies

Dementia is a decline in mental ability that affects memory, thinking, concentration
and perception. It occurs because of the death of brain cells or damage in parts of the
brain that deal with thought processes. The number of people with it worldwide has
been estimated at 47.8 million, a figure expected to double in 20 years. Alzheimer’s
disease is a common cause of dementia that accounts for up to 70% of all cases.

The presence of dementia impacts substantially on the person’s defined quality of
life, often from before diagnosis to end of life. A defined quality of life [22] derives
from the World Health Organization’s definition of Aealth, and concerns not only the
absence of disease or infirmity but also the presence of physical, mental and social
wellbeing [30]. Quality of life has increasingly been used as an outcome of medical
research. However, whilst there is a considerable literature relating to it (e.g. [28]), a
single and accepted model of quality of life is still missing [25]. Furthermore, many
people with dementia also have co-morbidities — other illnesses such as Parkinson's
disease, diabetes and anaemia — that add to barriers to a defined quality of life.

Over the last 20 years, different activities of daily life with the potential to over-
come barriers and maintain aspects of quality of life have been reported widely. Bet-
ter-known examples of these activities include the person listening to their favourite
music and reminiscing about past experiences [29]. In response, professional services



such as the UK’s Alzheimer’s Society have started to provide online information
about the more common types of these activities. However, most of these common
activities improve some but not all aspects of the quality of the lives of people with
dementia. Moreover, the associations between the common types of meaningful ac-
tivities and the quality of life benefits that are claimed for them are still poorly under-
stood, and there is no single source that defines these associations.

2.1 Digital Technologies to Support People Living with Dementia

Most of the computer science research related to dementia has focused on technolo-
gies to support the early and effective diagnosis of the condition using, for example
brain images [26] and magnetic resonance spectroscopy data [17]. To design such
technologies, researchers such as [23] have reported the elicitation of new causal
models of dementia diagnosis with domain experts.

More relevant to our work, some interactive digital technologies have been demon-
strated to support people living with dementia to improve aspects of their quality of
life after diagnosis. For example, Cowans et al. [7] reported early work that utilized
interactive multimedia to stimulate long-term memory to prompt communication as
part of reminiscence therapy for people with dementia. Cahill et al. [3] argued that
assistive technologies can make a significant difference to the lives of people with
dementia and to their care workers if delivered at home in a thoughtful and sensitive
and ethical way. Wallace et al. [27] described the use of computing devices designed
as furniture pieces by older residents to provide notions of home, intimacy and pos-
sessions with which to develop a sense of personhood. Thiry et al. [24] reported work
in which older people made personal digital timelines using technologies designed to
support the building of memory. Lazar et al. [14] reported the design and exploration
of Moments, a prototype system that allowed individuals living with dementia to
share their artwork with others in the network by manipulating their physical envi-
ronment. And immersive interactions with virtual environments of familiar places
and activities have been shown to improve some aspects of the physical and emo-
tional wellbeing of people with dementia [10].

As these examples demonstrate, most of the research to develop new technologies
to support people living with dementia relies on action research focusing on early
digital prototypes in use by people living with dementia. One consequence is that few
of the reported research prototypes have been evolved into production-level systems.
By contrast, no applications of information systems engineering to the problems of
people living with dementia have been reported, and little digital support for wider
quality of life planning and improvement is available.

More generally, the types of artificial intelligence technique that have been applied
successfully to support healthcare include case-based reasoning to plan radiotherapy
treatments, Bayesian Belief Networks to diagnose liver disorders and artificial neural
networks to predict Parkinson's tremor onset. Although effective, most were devel-
oped to manage individual medical conditions, rather than support people living with
complex degenerative conditions and co-morbidities such as dementia. Now, the
emerging need to support people to achieve quality of life with complex degenerative



conditions such as dementia creates new opportunities for artificial intelligence in
social care and healthcare — opportunities that, on the whole, have yet to be taken.

2.2 Social Care Approaches to Supporting People Living with Dementia

Social care research has led to different quality of life frameworks to help people
with dementia understand and communicate their life preferences and needs. Most of
these still focus on selected aspects of the person’s preferences and needs, such as
framing a person’s quality of life choices [13], describing personal outcomes [2] or
documenting preferred meaningful activities [18]. None support all of a person’s
quality of life preferences and needs.

Furthermore, these frameworks were developed for carers to use manually, so
there are no reported attempts to make the guidance from these frameworks automat-
ic and accessible to carers with all but the most simple of digital tools. Indeed, guid-
ance is normally reported using informal language. For example, practical guidance
for care professionals for describing personal outcomes [19] is presented as narrative
and tables such as in Table 1. The guidance is informal, the presented concepts are
not defined, and no structure between these concepts is reported (e.g. between health
and mobility, or between being listened to and being respected), which results in
ambiguities, inconsistencies and overlaps between concepts (e.g. between [ see peo-
ple and I belong to a community).

Table 1: Lists of outcomes important to people living in care homes, as described in a practi-
cal guide for personal outcomes in [19]

Quality of Life Process Change
| feel safe | am treated as an individual My skills are improved
and secure | am valued and respected My confidence and
| see people | am listened to morale are improved
| have things to do | have a say in decisions about My mobility is improved
I live in a nice place my care and support My health has improved
| live life as | want | am supported to live well and or my symptoms
and where | want plan for a good end of life are reduced

Although an experienced carer can interpret the ambiguities and inconsistencies in
the guidance for the needs of each individual, the informality impedes the develop-
ment of all but the most basic digital support based on these frameworks.

Furthermore such frameworks, in their current forms, are not usable to support the
use of emerging technologies that increase automation in dementia care using, for
example, the Internet of Things, big data analytics and machine learning. Indeed,
these frameworks were designed to be used with volumes of data that are orders of
magnitude smaller than can be collected using digital sensors, and process this data
less frequently than is possible with real-time data collection.

To conclude, our review of social care frameworks revealed an opportunity to ap-
ply information systems engineering theories and methods to model and synthesise
concepts related to the quality of life of people with dementia. One planned outcome



of this modelling work would be to inform the development of a new digital toolset
for use by people with dementia to plan to improve the qualities of their lives. The
next section introduces one such toolset, and the pivotal role of a new quality of life
goal model in that toolset.

3 The EnableSelfCare Toolset

The use of documented plans for the lives of people with dementia — plans that de-
scribe the life requirements and the meaningful activities to undertake to contribute
to these requirements to maintain and acquire — is becoming commonplace. Increas-
ingly, these plans are documented using digital tools. However, although domestic
sensors are also now available and used to monitor people with dementia [12], these
sensors are not integrated meaningfully with their digital plans that describe the re-
quirements and associated activities to be monitored. This gap can result in interven-
tions that might be inconsistent with the person’s requirements.

Therefore, the future EnableSelfCare toolset will allow a person with dementia liv-
ing in their own home to plan, monitor and self-manage his or her life and wellbeing.
The person will interact with the toolset using a simple interface to describe and
change requirements and meaningful activities that s/he desires to maintain, achieve
and undertake. These requirements will be used to configure a simple set of low-cost
sensors to collect data about, for example, movement and applied pressure associated
with the activities. Data fusion algorithms will generate descriptions of the person’s
activities from data collected from these sensors — descriptions that will provide the
input data to a computational version of a new quality of life goal model. The model
will use these descriptions to infer whether desired requirements associated with
these activities are achieved. The toolset architecture is depicted in Figure 1. Its intel-
ligence will derive from the completeness and accuracy of the model.

I
_‘J Life planning interface
Person with i . i Sensors
dementia Computational quality-of-life goal model
Sensors and data fusion mechanism %

Fig 1. Simplified architecture of the EnableSelfCare toolset

Therefore, development of this goal model became a major research task.

4 Using the i* Goal Modelling Language

To enable precise representation of and analyses about the goal types derived from
the existing social care frameworks, the model was developed using the i * goal mod-
eling language [31] from information systems engineering. The i* language enables
the modeling of intentions of different actors in a social system, and has been applied



to analyze goals and associations in complex systems in, for example, healthcare
monitoring systems [16]. With i*, an actor seeks to achieve or attain an end element,
which in i* can be a soft goal or a goal. An actor also has the means to achieve or
attain the end element. In i* a means can be a goal, soft goal, a task, or a resource.
The actor seeks to attain a goal (a desirable state) and undertake a task (so that a goal
might be attained). With soft goal contributes-to links, the achievement of one soft
goal can contribute positively or negatively to achieving another soft goal. Where the
end element of the links is a soft goal, the relationship can be attributed with values
that specify the modality and type of the contribution (Some+, Some-, Help, Hurt,
Make, Break, Unknown), as reported in [31].

Some of the i* model semantics mapped well to content that was extracted from
the different quality of life framework elements, indicating that it could be an effec-
tive language with which to describe the intentions of people living with dementia. i*
soft goals were effective for describing types of state that the person desired to
achieve, such as qualities of life and personal outcomes. Examples of these soft goal
types included social life maintained and cognitive function maintained. i* tasks
were effective for describing the meaningful activity types that the person sought to
undertake, for example to stroll in garden and to make own lunch. And i* contrib-
utes-to links could be applied to describe how the completion of types of meaningful
activity contributed to achieving different types of soft goals, and how soft goal type
achievement contributed to the achievement of other soft goal types.

5 Developing the New Quality of Life Goal Model

To develop a first version of the new quality of life model, we conducted a review of
academic literature on quality of life. At stages, to direct the review, we consulted
about the review findings with leading academics and practitioners in dementia care.
Based on these consultations we sometimes reviewed other literatures. And during
these reviews, we developed informal versions of the model by extracting goal types
from the frameworks and documented these types using semi-structured graphical
notations. When it was assessed to be sufficiently complete, the informal model was
described formally using the i * goal modeling language.

The model was developed to be a general model that would describe the types of
goal that would hold for most people living with dementia. As a consequence it de-
scribed types of goal such as engaged with neighborhood rather than instance-level
goals such as engaged with my village’s neighborhood watch. The rest of this section
reports each of the model development stages.

The literature review revealed a wide-range of treatments of quality of life in dis-
ciplines such as health and nutrition, so we restricted the literature review to quality
of life of people living with dementia. Lawton [13] reported that whilst quality of life
emerged as a concept at the forefront of gerontology research, much of this research
neglected the quality of lives of people with Alzheimer’s disease. His subsequent
research of quality of life for people living with dementia provided a baseline for
many care practice approaches, and was subsequently referenced by other quality of



life dementia frameworks such as the Bath Assessment of Subjective Quality of Life
in Dementia (BASQID) and dementia quality of life instrument (DQoL). Moreover,
Lawton’s model is cited as the most pervasive influence on conceptualizing quality
of life in dementia [21]. Therefore, the first version of the model and the types of
goal that it described was based on Lawton’s framework [13].

Although Lawton’s framework identified important elements with which to struc-
ture the model, it did not define personal goal types of importance to people living
with dementia. Person-centred care is now a dominant form of caring for older peo-
ple with dementia. It is a form of care that seeks an individualized approach that
recognizes the uniqueness of the world from the perspective of the person with de-
mentia [4]. After consultations with care academics and practitioners, we conducted a
review of the personal outcomes literature (e.g. [2]) associated with person-centred
care practices. Personal outcome goals are, by definition, specific to individuals [6],
so the review revealed numerous examples of personal goals rather than a compre-
hensive list of goal types. Therefore, the extracted examples of personal goals were
clustered to enable us to generate a smaller set of goal types that represented most of
the collected personal goal examples uncovered in the literature. Then, to associate
the personal goal types with types of meaningful activities that people can undertake
to improve quality of life, we reviewed taxonomies of activities for people with de-
mentia [8]. These taxonomies were used to generate types of goals that a person
achieves by completing a single or few instances of types of meaningful activities.
The resulting goal types were then associated with a larger set of meaningful activity
types that people living with dementia in their own homes might undertake in order
to improve the qualities of their lives in different ways.

The basic structure of the goal model is depicted in Fig 2. This model describes a
small number of types of soft goal associated with qualities of life that all people
living with dementia would seek to achieve. These types of soft goal were then asso-
ciated with a larger number of types of soft goal that were extracted from goal exam-
ples from the personal outcome frameworks. New associations between these soft
goal types were then discovered and added to the model. The types of soft goals ex-
tracted from the meaningful activities were also then added, and associated via fur-
ther modelling with both the personal outcomes soft goal types and the larger number
of meaningful activity types associated with achieving quality of life.

Soft goal types
from quality-of-life domains
A A

T i
Soft goal types from personal outcome examples
A A

I . ol .
Soft goal types from meaningful activity taxonomies
A A

1 )
Types of meaningful activities

Fig 2. The basic structure of the quality of life goal model derived from social care frame-
works

At different points in the process, experienced professional domiciliary carers vali-
dated the emerging versions of the quality of life goal model. A total of 7 workshops
took place to validate the completeness and the accuracy of the goal types and con-



tributes-to links. The input model to each workshop was updated with changes after
the first 3 workshops. To encourage hands-on changes by the carers, the model’s
digital representation was transformed into a physical one of cards, pins and string, as
depicted in Fig 3. Most model transformations were additions of new content such as
new types of meaningful activity and changes to contributes-to links between soft
goal types. Outcomes from these workshops led to many implemented model chang-
es.

Fig 3. Examples of physical versions of the quality of life goal model used in the workshops

Each part of the new quality of life goal model is described in turn.

5.1 The modeled overall quality of life goal types

Lawton’s definition of quality of life with Alzheimer’s disease [13] specified 6 quali-
ty of life domains: the ability to perform activities of daily living, engaging in the
meaningful use of time, competent cognitive functioning, physical health, socially
appropriate behavior, and a favorable balance between positive and negative emo-
tion [13]. As Lawton’s framework has had a far-reaching influence on conceptualiza-
tions of quality of life of people with dementia, 5 of these 6 domains were used to
define 5 soft goal types that each person would seek to achieve. The 6th quality of
life domain identified by Lawton — engaged in the meaningful use of time — was not
converted into a soft goal type because it was the premise of all the meaningful activ-
ities, and therefore represented by all of the modelled meaningful activity soft goal
types. The remaining 5 quality of life soft goal types that structure the quality of life
goal model are summarized graphically in Fig 4.

QUALITY OF

+y LIFE ~T KEY .
Y waxmiseo Y | Softea))

te kvt o

B Task

Ability to — 7 = Social life +
. perform ADLs | /Emotional state | ’ Cognitive ||  maintained gzz: =
_maintained /' (palance) | | Physical health | health |\ —— | Hep i
maintained | maximised maximised Make RS

Fig 4. The soft goal types used to structure the quality of life goal model, and key of used i*
graphical modelling elements



5.2  The modeled personal outcomes goal types

The different types of soft goal generated from examples of personal outcomes in the
frameworks (e.g. [2, 6]) were described in the new quality of life goal model. After
analyses of multiple personal goal examples and validation exercises with the profes-
sional carers, a total of 40 personal outcome soft goal types were added to the model.
Fig 5 depicts 9 of these 40 soft goal types and contributes-to links to 2 of the 5 types
of soft goal derived from Lawton’s framework [13]. Most of the associations be-
tween these 40 soft goal types and the 5 different soft goal types from Lawton’s
framework were inferred from examples reported in the personal outcomes frame-
works. For example, the model describes that the increased achievement of commu-
nication skills maintained, learning maintained, active mind brain function main-
tained, perceived state of memory maximized and ability to concentrate maximized
each contributes positively to achieving the soft goal cognitive health maximized.

v c:i:;::e :r +' Social life +
il intai - -
Communication + maximised A - i taipec Social support
skills maintained v 4 >+ CEIES Communication +y A v+ network
+A maximised skills maintained + maintained
i . . B Meaningful
Leaming Active mind brain | State of memory Financial affairs Social contact relationships
maintained function (perceived) maintained and participation e
maintained maximised achieved

Fig 5. Different types of soft goal generated from the personal outcomes literature associated
to quality of life soft goal types

Unsurprisingly, the review revealed a lack of explicit associations between quality
of life goals reported in the different sources, so the validation workshops were used
to discover and validate missing contribute-to links between soft goal types.

5.3  The modeled goal types associated with meaningful activities

Meaningful activities include physical, social and leisure activities such as garden-
ing, reading and singing. There are many factors that make activities meaningful to
an individual that can relate to that person’s values, beliefs, past roles, interests and
routines [9]. Han et al. [8] synthesized qualitative studies of meaningful activities of
people with dementia (e.g. [9]), categorized these meaningful activities and identified
themes related to connectedness with which to categorize them. The 3 themes de-
scribed how a person with dementia might seek to connect: (1) to oneself (for exam-
ple through maintenance of personal routines, engaging in activities to benefit health
and having personal time and rest); (2) to others (for example having social contact,
doing activities with others and maintaining meaningful relationships) and: (3) to
one’s environment (for example being settled at home, being involved in the commu-
nity and getting out into nature). Enabling these different senses of purpose through
meaningful activities had been shown to improve the quality of life of people living
with dementia (e.g. [18]).

Therefore, we drew on the reported categories of meaningful activities and their
descriptions to extract equivalent possible types of soft goal of people living with
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dementia associated with the 3 themes. Two additional types — engaged in creative
activity achieved and engaged in personal finances achieved — were added to these
soft goal types from other sources. After the workshops with professional carers, the
model was composed of 17 different types of soft goal that described outcomes asso-
ciated directly with the completion of common meaningful activities. Examples of
these extracted soft goal types are depicted graphically in Fig 6.

CONNECTED TO ENVIRONMENT CONNECTED TO SELF CONNECTED TO OTHERS

Engaged with || Engagedin |/ Engaged with || Engaged for Engaged in Engagedin  +7 Engagedin | Engagedinthe | Engagedin Engaged in
ownhome | neighbourhood nature continuity relaxation physical activity more| helping others | company of relationship | support activity
environment activities achieved achieved achieved achieved achieved others. based activity for condition

Fig 6. Examples of goal types achieved directly by the successful completion of types of
meaningful activities, structured by the connectedness model reported in [10]

5.4  The modelled contribute-to links between quality of life soft goal types

The literature review and validation workshops revealed that most modelled contrib-
utes-to links were Help rather than Make links. The achievement of most meaningful
activity or quality of life soft goal types contributed positively to achieving other
quality of life soft goal types, but on its own, each contribution was insufficient to
achieve the quality of life soft goal type. Only a small number of contributes-to links
were Make links, for which achievement of a meaningful activity or quality of life
soft goal type was sufficient to achieve a quality of life soft goal type. In cases where
the Some+ contributes-to links were modelled, we took consensus across the work-
shops to remove each link or change it to a Help contribution.

Example contributes-to links of both types are shown in Fig 7, which depicts Make
contributions arising from achieving the soft goal type engaged in intellectual brain
activity achieved. The model describes that engaging in intellectual brain activities is
sufficient, on its own, to maximise cognitive health. By contrast, maximizing cogni-
tive health is not, on its own, sufficient to maximize quality of life.

Engaged n Active mind brain + Cognitive 4 [ QUALITY OF
intellectual brain > function [ health — LIFE
activity achieved ~_maintained maximised MAXIMISED

Fig 7. Flattened representation a goal contribution thread through the new quality of life model
showing the contribution of having engaged in intellectual brain activity

5.5 Modelled tradeoffs between quality of life soft goal types

The validation workshops also uncovered trade-offs between types of soft goal that
were true in most care contexts. Trade-offs were needed because the EnableSelfCare
toolset is required to support someone with dementia to evaluate the impact of their
activities on quality of life over a given time period. Understanding trade-offs would
inform their decision making about qualities to achieve and activities to plan. Whilst
professional carers reported that there was scope to achieve most quality of life soft
goal types without tradeoffs, some tradeoffs did hold for most cases of people living
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with dementia. One tradeoff, which is depicted in Fig 8, was between the soft goals
sense of freedom achieved and sense of safety achieved. Other soft goal trade-offs
that were modelled were between activity and relaxation, support/nurture and inde-
pendence, and family involvement and respite.

Sense of 4
freedom Sense of safety |
achieved

achieved

Fig 8. A two-way trade-off expressed using contributes-to links between types of soft goals

5.6  Modelled meaningful activity types contributing to quality of life

The types of meaningful activities that were modelled were extracted from examples
in the literature (e.g. [8]) and classified into domains to link to modelled soft goal
types. Classes such as physical, spiritual, intellectual and social were refined by sub-
classes e.g. tennis as a subclass of sport, as shown in Fig 9. Other sub-classes of
meaningful activities were then elicited from the validation exercises. Once the clas-
sification was stable, additional data from an additional published source — the Com-
pendium of Physical Activities [32] — was analyzed in order to generate additional
meaningful activity types and task attributes such as such as how much physical en-
ergy needs to be expended on typical activity types, to enable comparisons when
making decisions.

Sense of Active mind brain » . . Feelin f st
Ability to slee gs of stress.
achievement or function Mobility IACISICER Physical fitness Healthy weight b
pride achieved maintained N e e Energy |e\,§|s
v » - » < v maximise
+ + + + +* + + nd

Engaged in
t' physical activity v
achieved
Other physical
Play sport activities e.g.
floor games

Other sports e.g.

Play table tennis Play tennis Play bowls Play quoits
Play singles Play doubles
tennis tennis

Fig 9. Mapping classified meaningful activities to the quality of life soft goal types

5.7  The Resulting Quality of Life Goal Model

The resulting descriptive version of the quality of life goal model was composed of
63 different soft goal types and a larger number of contributes-to links between these
soft goal types, see Fig 10. The model also described another 744 different task types
representing types of meaningful activities that contribute to the modelled quality of
life soft goal types, but these are not shown in Figure.
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Fig 10. The final version of the quality of life goal model, showing
by people living at home with dementia, accessible at [33]

This descriptive model of quality of life goal was subsequently transformed into a
computational version in the EnableSelfCare toolset. This new version receives as
inputs data about the degree of completion of meaningful activities of different types,
then computes and propagates values representing the degree of achievement to qual-
ity of life goal types, to provide feedback on qualities of life being achieved and al-
ternative activities to achieve better the quality of life goal types not being achieved.
We look forward to reporting on this computational model in future publications.

6 Insights and Lessons

As well as produce the new model of quality of life goals for people living with de-
mentia, the application of the goal modelling provided a series of unexpected insights
by the researchers and professional care practitioners about the social care literature.

The conceptual analysis confirmed that no single existing social framework (e.g.
[2, 6, 8] provided complete guidance to describe all of the quality of life goals that
were described in the model. Instead, the model was a synthesis of overlapping goals
identified in and extracted from different frameworks. Indeed, our conceptual analy-
sis using the goal modelling language [31] was essential to undertake a cost-effective
synthesis of quality of life goals from different frameworks, based on the identifica-
tion of overlapping goals and associations between goals. Moreover, the validation
workshops with the professional carers revealed that our codification of the informal
using the i* goal modelling language based on available literature had been relatively
accurate, and that the model omissions reflected the gaps between the partial frame-
works. This outcome revealed that reviewing and interpreting a complex and incon-
sistent literature in order to produce a complex goal model in a new discipline can be
an effective means of undertaking research.

One possible reason for the partial guidance offered by the reviewed social care
frameworks (e.g. [2, 6]) was the need for simple forms of guidance that carers ap-
peared to require. Most carers were not educated to degree level and had little time to
read or learn guidance to undertake care work. Indeed, many were not professional,
and had received limited training. Therefore, most published guidance appeared not
to incorporate or report underlying complex concepts, even though those concepts
were important for understanding and delivering dementia care. By contrast, our
reported use of the goal modelling language separated the description of complex
phenomena from the computational use of the model to generate simpler guidance
when needed — a separation new to dementia care guidance and to many people re-
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sponsible for caring for older people. Managing the lives of people with dementia
and other chronic diseases remains a complex problem lacking solutions. To under-
stand this complexity, the authors used a new method to describe this complexity — a
method from information systems engineering research.

Furthermore, model validation in the workshops often externalized care knowledge
that was semi-tacit. This new externalization of care knowledge, in turn, encouraged
the care professionals to reflect on their care practices. For example, the profession-
als in the workshops reported that the model supported them to contextualize their
care expertise. One said: “To us, we just do what we do. You know, we don’t class it
as a job. So looking at that now [the model] you don’t realize what you do looking at
it on paper. You think oh gosh, do I do that, do I do that? Ooh, you know isn’t it. We
don’t realize a lot of it.”. Whilst the care professionals had knowledge of quality of
life frameworks and experience with different types of meaningful activity in their
work, they had not seen a framework that connected both. As a consequence two
commented: “It’s like a flow isn’t it” and “I found it surprising that something down
there can come to up there actually”. Although the use of conceptual modelling visu-
alizations is now familiar in business analysis, engineering and even healthcare, the
use in dementia care appeared to be new, especially to externalize and model con-
cepts associated with quality of life. The modelling experience revealed the benefits
of applying information systems engineering methods in new domains.

Finally, use of the i* goal modelling language was a critical enabler for the authors
to design and implement a new computational model of quality of life goals as part of
the EnableSelfCare toolset. We are beginning to evaluate the completeness and accu-
racy of this computational model.

7 Conclusions

This paper reports the use of the i* goal modelling language from information sys-
tems engineering to understand, model and synthesise existing frameworks of quality
of life of people living with dementia. It presents a new goal model of quality of life
for the development and implementation of automated reasoning capabilities.

The authors believe that this research can inspire and guide other researchers to ex-
plore new avenues and opportunities for the use of information systems engineering
methods. For example, the goal modelling languages can be applied to model and
analyse the quality of life goals of people living with other chronic conditions such as
Parkinson’s and different forms of cancer. And understanding and support the quali-
ties of the lives of citizens have become increasingly important to governments, such
as the Good Society Framework [11] applied by a previous UK government. Again,
conceptual modelling can be applied to support such work. As engineers, we have
responsibilities to deploy our knowledge and skills for the wider good.
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