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Abstract. People with dementia face a decline of their cognitive functions, including memory impairment and difficulty to orient in time and
space. Assistive applications can ease the effects of dementia by assuming and supporting impaired functions. Context-awareness is an accepted
paradigm for assistive applications. It enables interactive systems to react appropriately to situations that occur during daily routines of people
with dementia. However, there currently is no recommended framework
to view symptoms of dementia in terms of context and context-awareness.
The aim of this paper is to inform designers in the early design stages
of assistive applications how requirements and needs of people with dementia can be represented in a context-aware application. Based on a
systematic literature review, we elicit which context types are linked to
the needs of people with dementia and their caregivers and how they
are used in existing assistive applications in dementia care. Our focus is
on applications evaluated and assessed with people with dementia. We
also classify these assistive applications by the offered context-aware services. We observe that these should not be limited within the realm of
the local residence; context types that are valuable in-house can, to a
certain extent, also be leveraged outside a local residence. We believe
the proposed framework is a tool for application builders and interface
designers to accomplish an informed design of systems for people with
dementia.
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Introduction

Dementia affects about 4% of people over the age of 65 and 40% of people over
90. In Europe, at least half of the elderly population affected by dementia, have a
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mild form of dementia [33]. The organization Alzheimer’s Disease International
estimates that the worldwide cost of dementia amounts to 1% of the global gross
domestic product, or USD 604 billion [50].
Literature shows that the dementia syndrome itself does not thwart the use
of digital assistive application, at least at its early stages [30, 23, 45]. To what
extent People with Dementia (PwDs) can benefit from assistive applications
greatly depends on the ability to accommodate the user’s cognitive impairments
and other needs [31, 38, 23, 45]. This limits the use of standardized ICT applications [40, 23]. Moreover, assistive applications should be appealing to their users
and not be perceived as stigmatizing [45, 31]. Hughes et al. [21] emphasize the
importance to respect the dignity of PwDs. Context-aware computing allows the
development of interactive systems that are aware of their users and behave accordingly [9, 11, 51, 15]. The context-aware paradigm considers the users and the
operating environment in the application design and behavior. Given the number of people with dementia and their desire for solutions to cope with dementia,
building interactive systems tailored for this user group is extremely important.
1.1

Aims of the Paper

The aim of this paper is to provide a reference framework that assists the preliminary phase in the design and development of assistive applications for PwDs.
Given the difficulties to evaluate this type of applications with the target audience, it is vital to maximize an informed design approach [3, 38]. We approached
this by analyzing services of context-aware assistive applications in dementia
care and how they exploit context. We also study the type of context that these
applications use to address their users’ needs.
1.2

Approach

We conducted a systematic literature review of projects that developed assistive
applications for PwDs. The design and development of assistive applications
for PwDs is a complex and error-prone task. While traditional user-centered
techniques are suitable for abled-body people, Newell et al. [34] point out that
they provide little guidance as to how to work with users with special needs.
Traditional user-centered design encourages members of the design team to make
their design choices from the user’s perspective. However people with severe
cognitive impairment are too diverse and their situation cannot be reflected as
an average user. In addition a user group of people with disabilities has a greater
variety of characteristics of functionality which may also be conflicting [34]. We
therefore focused on projects which evaluated their running applications with
PwDs. We further limited the scope to applications that react to context during
runtime (in contrast to design time adaption to contexts of use). Additionally,
we considered only literature we could access from our university network or
library.
In a first step, we searched the bibliographical databases of ACM, IEEE, ScienceDirect and PubMed. The search query specified the following criteria for
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the abstract or title of literature: (dementia OR alzheimer) AND (context
OR location OR activity OR ambient OR situation) AND (person OR
people OR individual OR adult). ACM gave 10 results, IEEE 34, ScienceDirect 5, PubMed 1. In a second iteration, we removed candidates that did not
evaluate and assess their technical solutions with PwDs. This clearly showed
that very few of the research projects actually included user trials: ACM was
left with 1 result [5], IEEE 0, ScienceDirect 1 [44], PubMed 1 [45]. The number
of publications on dementia and context that also performed evaluations with
end-users are very low and does not provide sufficient material to define a design space for creating assistive applications. However, we used these papers as
a starting point and elaborated on the respective projects they originated from.
In a third iteration, we therefore searched references for projects that focused
on assistive applications in dementia care. This led to 3 additional Research and
development projects [12, 24, 32].

2

The Person with Dementia as the User

This section puts a human face on dementia. It discusses the impact of dementia,
in particular Alzheimer’s disease (AD), on People with Dementia (PwDs) and
their social context society in literature, to gain a sense of the complexity of this
disease.
2.1

The Dementia Syndrome

Dementia is a syndrome of serious decline of cognitive abilities that exceed agerelated decline. Common symptoms are memory problems, difficulties to perform
familiar tasks, impaired judgement, language deterioration, and mood changes.
Dementia is a syndrome with different etiologies, of which AD is the most common type [27, 2]. Forgetfulness is generally seen as the primary symptom of
dementia; however, this is not necessarily the case for every pathology. Usually,
cognitive abilities irreversibly deteriorate over time and the underlying disease
is incurable. There is not a single definition of dementia. However, they all do
require a functional disability threshold that has to be crossed. Individuals can
therefore exhibit a decline of cognitive functionalities that do meet the criteria
for dementia [27]. Mandell and Green [27] describe dementia as “a syndrome
of acquired persistent intellectual impairments characterized by deterioration in
at least three of the following domains: memory, language, visuospatial skills,
personality or behavior, and manipulation of acquired knowledge (including executive function)”.
2.2

Alzheimer’s disease

AD is a neurodegenerative disease and the most common form of dementia [2].
Currently AD can neither be slowed down nor cured [2]. Due to the complexity
of AD, some even doubt whether a cure can ever be found [36]. AD is commonly
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diagnosed after the age of 65, although brain damage resulting from AD can
start 10 to 20 years before first symptoms appear. The cause of AD is unknown.
Memory problems that exceed age-related decline are early indicators. when the
damage spreads to hippocampus. As AD advances, other impairments in other
cognitive domains become apparent that curtails abilities to perform everyday
tasks, language difficulties, difficulties to understand visual images and spatial
relationships, confusion over time and space, misplacing and losing items, mood
changes and social isolation [27].
Hodges [17] characterize the clinical process of AD as stages of patterns of
impairment of the cognitive abilities memory, attention and executive abilities,
language, visuospatial and perceptual and praxis . The first stage, mild cognitive
impairment, is prior to the dementia onset. The worsening of cognitive abilities
is characterized by the stages mild dementia, moderate dementia and severe
dementia. While early on in the clinical process deterioration of abilities vary
from individual to individual, the later developments follow similar patterns.
However the duration of each stage differs from person to person.
2.3

Needs of People with Dementia

Dementia is often associated with forgetfulness and confusion. Temporal and
memory impairment mean that PwDs need to be reminded of future and past
activities and events [16, 13]. Memory impairment also manifests itself as an
increasing need for information about everyday issues. Hawkey et al. [16] cite
an interviewee who wanted to know the role of the participating person (in this
example a physician), the location of this person and the route, departure time,
and what to wear. The authors also found that some participants had difficulties
to relate with time or recognize people they know.
A cause for frustration was the increasing difficulty of some participants to
use familiar devices and initiating or completing even simple tasks [16, 13, 49].
Wherton and Monk [49] analyzed the difficulties PwDs are faced with when performing Activities of Daily Living (ADL) and how they can be assisted. They
found that the difficulties were resulting from sequencing problems, problems
finding things, problems operating appliances and incoherence. Sequencing problems occur when incorrect objects or actions for a given step are used. This was
seen as a result of being unable to control stimulation from objects or affordances that are not relevant for that task. The second cause for this problem
is the degeneration of semantic memory. The impairment makes it harder for
the Person with Dementia (PwD) to distinguish similar objects types. Episodic
memory problems led to forgetting steps that were already taken; hence, repeating them. Omissions of sub-goals were also reported, when the sub-goal was too
similar to the overall goal. The problem finding items was seen for one as a result of episodic memory loss. The PwD would not remember which places were
already searched and repeat the search. The disability to identify visible items
was also attributed to either not being able to subdue task-irrelevant stimulation or semantic memory impairment. The problem with using items was seen
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attributable to the inability to comprehend the use of an appliance. The participants did not know when to use an appliance or found it too difficult to
understand its functionality. This is seen as a result of not being able to select
between action schemas or the inability to remember the actions that need to be
performed. Incoherence is seen as the problem when PwD engaged in activities
that are not related to the overall goal.
Dementia aid is primarily situated within the residence of the PwDs, not
on activities outdoors. Even though PwDs, at least at the early stages of their
illness, appreciate outdoor activities [4]. However caregivers (CGs) fear for their
love one’s safety and are therefore reluctant to let their PwD leave their safe
environment alone. PwDs may also be anxious about getting lost because they
are uncertain about their location and finding their way home [4, 13]. PwDs
feel more conformable in familiar places. Brittain et al. [4] found that PwDs
can use landmarks or ask other people to find their bearings. One interviewee
would use photographs of older buildings to link the past memory with the current landscape. To reduce uncertainty about the PwD location, Wherton and
Monk [47] suggest to reinsure both parties by mutually sharing contextual information. Through mutual awareness, “the function of the technology becomes
communication instead of monitoring” [47].
Social interaction is vital for PwDs, e.g. [4, 13, 47, 31]. However, the increased
difficulty to manipulate items and problems impairment rises the bar for the
PwD to interact with their social environment. Being more and more confined
to their residence also affects social activities [4].
2.4

Challenges When Developing for Users with Dementia

Involving PwDs and their CGs in the design process requires empathy for the
users and awareness of their abilities, needs and to their environment [1, 38, 31].
CGs hold considerable sway over the PwD and need to be convinced of the
project’s merits [3]. PwDs are in most cases older people who are affected by age
related degeneration of physical abilities such as vision, hearing or tremor [16].
PwDs may be more or less aware of their conditions [16]. PwDs are also prone
to emotional changes. They are easily irritated and may be insecure about their
contribution or even be frustrated or anxious [38, 28].
It is therefore difficult for designers who have no previous contact with PwD
to grasp the complexity of such users. Yet involving PwDs is imperative to gain
an understanding of their very unique needs and requirements [45, 46, 38, 6]. As
Stalker et al. [46] point out, if the PwD is the user, then “Reliance on carers for
this information is foolhardy”.
Novelty is often seen as problem for PwDs. Orpwood et al. [38] argue that
“People with dementia will not be able to learn to use new devices in their
home”. Wherton et al. [48] offer a more nuanced perspective, suggesting that
novelty itself is not the problem but rather “learning new arbitrary mappings
and procedures”. They found that direct implicit clues worked well to guide the
PwD.
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3

Context and Context-Awareness

Newell et al. [35] suggest that user interface design for people with cognitive
impairment should mitigate memory impairment, avoid cognitive overload and
take into account individual characteristics. While to a certain degree these
requirements are desired by all users, the reduced cognitive abilities of People
with Dementia (PwDs) and the emotionally very demanding situation makes
these rules imperative. Context-awareness is an accepted paradigm to adapt
assistive applications to known contexts of use during design time and can adapt
to a dynamic environment during runtime [51, 15].
This section presents the categories of context variables and context-aware
behaviors for dementia care that were identified in literature. We use the definition of context and context-awareness as provided by Dey and Abowd [9].
Their definition is as follows: “Context is any information that can be used to
characterize the situation of an entity. An entity is a person, place, or object
that is considered relevant to the interaction between a user and an application,
including the user and applications themselves. [. . . ] A system is context-aware
if it uses context to provide relevant information and/or services to the user,
where relevancy depends on the users task.”. This implies that context is a fairly
broad concept. Their definition does however provide helpful cues to determine
if a piece of information is context or not: It puts contextual information within
the scope of the interaction between the user and the system and it does not
limit context-aware behavior strictly to context that is obtained during runtime.
Dey and Abowd propose four primary context dimensions to describe the
situation of a subject:
1. activity: the intrinsic properties that determine the state of an entity. E.g.
feelings, tasks or status.
2. identity: the extrinsic properties that describe an entity independent of time
and location. For example the name of a person, the phone number or personal relationships.
3. location: the location of an entity in a physical space.
4. time: the location of an entity in temporal space.
Section 3.1 extends Dey and Abowd’s categorization of context for assistive
applications in dementia care. We studied the research and development projects
identified in Sect. 1.2 and literature on the needs and requirements of discussed
in Sect. 2.3 to elicit the second level context types that are relevant to provide
services and information to PwDs and their caregivers (CGs). Literature on
needs and requirements drew our interest to identify context types that have not
yet been used in current applications. We also studied the runtime behavior of
assistive applications for PwDs in literature that use context to provide relevant
services and information to the user. Section 3.2 summarizes our findings as
context-aware services.
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3.1

Context Types for Dementia Care

This section discusses the context types that our literature review found represent dementia related deficits for assistive applications.
Activity. The activity context type describes the intrinsic properties of an entity [9]. Dementia affects the ability of PwDs to perform activities and influences
their emotions. Their abilities and emotional state influence the dialog between
a Person with Dementia (PwD) and the assistive application. Activity also describes the capabilities and state of devices. The following context types were
found:
– Emotion: Dementia influences a person’s emotions and their ability to control emotions [4] and anxiety [16, 4]. Rebentisch et al. [43] reckon that frustration/fear, confusion and anger were influential emotions that indicate the
onset inappropriate behavior. Hoey et al. [18] consider the variables dementia level, awareness and responsiveness for their activity assistant.
– Capabilities: Capabilities describe services or functionality of an entity.
PwDs expressed the desire to know more about whom they are interacting
with [16], distinguish between similar items [49] or how to use a device [49,
16]. This value helps to define semantics of entities, including competencies
of people, types of places, and device functionalities.
– Action: The action describes the goal oriented process an entity is performing [41, 20, 6].
– Status: The status describes the current state of an entity. For people, this
context type can describe their availability [26]. For household appliances,
the status can describe whether they are on or off [6].
– Preferences: Assistive applications should consider the users’ personal preferences [16]. This context type specifies stable personal preferences, meaning
they are not subject to frequent change. Examples include language settings,
date formats, or color settings; e.g. [6].
Identity. Identity is needed to identify participants and their relationships.
The name of an entity and Social relationship is of particular importance in
dementia care. The social relationship context type links two or more persons.
PwDs are increasingly dependent on their social context for care and social
activities, e.g. [16, 4, 47, 13]. Furthermore, PwDs may experience difficulty to
recognize how they are related to some people in their social context [16, 47].
Location. PwDs experience difficulty to orient themselves physical space, even
in once familiar places [4, 16]. They may not recognize their current location or
remember how to reach a certain destination, for example their home. We identified the subtypes: orientation, position, relative location and semantic location.
Orientation shows the direction in which to move from one place to another. The
position determines the current location, for example for navigation assistance
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or monitoring. A semantic location denotes the meaning of a place. For example
a “bakery” is a place that has a bread service. Hence, if the PwD’s semantic
location is “bakery”, this person is in that place.
Time. Dementia affects episodic memory and temporal orientation [16, 47].
PwDs find it increasingly difficult to recall recent events, plan activities and
how to relate to time. Precise time, time span and semantic time were identified. Precise time and time span are used to set reminders, either precise or
within a certain threshold. Semantic time refers to an event entity in the user’s
context, for example lunch time or the time to watch the evening news.
3.2

Categories of Context-Aware Services

The following services were identified in our literature review:
Reminder: A reminder system is a memory assistant to plan and structure
future events and activities. The system triggers reminders when certain
conditions are met (e.g. time or location is reached). A notable example of
context-aware reminders is the CybreMinder [10]. In dementia care, HYCARE [14] supports setting reminders with several context types.
Activity Assistant: While reminder systems remind their users when activities are due, activity assistance tells users how to perform Activities of Daily
Living (ADL). Activity assistants vary in activities they support, and the
type of support they provide. The COGKNOW DayNavigator [6] displays
video sequences that show how to perform a task. The user interacts with a
touch screen to play a sequence. Automatic activity assistants delve in the
realm of artificial intelligence. The user’s context is monitored to intervene
when the user is deviating from the plan to complete the task (e.g. [41,
20, 44]). The development of intelligent activity assistants still faces many
challenges [19]. The COACH system is seen as the most sophisticated ADL
assistant [19]. It guides a PwD through the hand washing process [20].
Information Provider: Information providers use context to present relevant
functions or information objects to the user. The COGKNOW DayNavigator
is an example for the former. It offers simplified access to in-house devices
and other services. The functions available change when the PwD is outdoor.
An example for the latter are ‘information appliances’ [16]. These applications provide PwDs detailed information about previous, ongoing, and future activities. The MemoryLane project is exploring this area in dementia
care [22].
Communication and awareness: Communication and awareness systems extend social relationships and awareness beyond time and location. Communication is either asynchronous or synchronous. For example, the COGKNOW DayNavigator has a picture-based interface to a stationary and mobile phone. The awareness function makes one entity’s context visible to
others. An application of awareness is dementia care is monitoring. For example the KITE system [45] shows the location of the PwD to the CG.
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A context-aware system for PwDs was proposed by [26]. The PwD uses a
mobile phone to communicate with his social network. The system stores
the type of social relationship for each contact and their availability. The
personal CG can monitor the PwD’s current location and schedule.
Navigation: A navigation system guides a user through physical space to a
desired destination. Both the COGKNOW [32] and KITE [45] projects have
a guidance function to help the PwD find their way home. A navigation
system that considers location and time was proposed by [26]. Todo items
are placed in the PwD’s time, location and social context. The navigation
system helps the PwD to find the location of a given todo list item in a
timely manner.
Life-Logging: Life-Logging complements a person’s memory function. It records
a constant stream of information during the day as images, sounds, location
and time. The information is later processed to reconstruct the user’s experiences [24, 22].

4

Research Projects

Table 1. Categories of context-aware applications in dementia care

COACH

[20, 18, People with moderate-to29]
severe dementia

indoor

×
×

COGKNOW

[32, 6]

People with mild dementia, caregivers

indoor,
outdoor

ContextAware
Wayfinder

[5]

Mental
retardation,
epilepsy, organic depression, Parkinsonś Disease,
dementia, schizophrenia,
organic brain syndrome

indoor,
outdoor

CPVS

[12]

People without cognitive
impairment, people with
mild dementia, caregivers

indoor,
outdoor

ExPress Play

[44]

People with mild to moderate dementia

indoor

MemExerciser

[24]

People with mild cognitive impairment, mild
Alzheimer,moderate
Alzheimer, caregivers.

indoor,
outdoor

Navigation

Information
Provider

Activity Assistant
Reminder

outdoor

Communication

People with mild to moderate dementia, caregivers

Settings

Reference
[45]

Users

Name
KITE

Life-Logger

Category

Project

×

×

×
×

×

×

×

×

×

×

×

×
×
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Table 2. Context Types in dementia care
Context Type

CPVS

×

ExPress Play
MemExerciser

×

Precise

Semantic Location

Loca-

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

Semantic Time

×

Time

Span

×

Relative
tion

×

Context-Aware
Wayfinder

Position

×

COGKNOW

Location

Orientation

×

×

COACH

Personal
tionship

Action

×

Preferences

Capabilities

×

KITE

Status

Emotion

Projects

Rela-

Identity
Name/Identifier

Activity

×

×

×
×

×

×

×

×

×
×

×

×

This paper considers the context-aware properties as an inherent part of
most assistive applications for People with Dementia (PwDs) and their caregivers (CGs) to accommodate the users’ needs and requirements in a dynamic
environment. The motivation for this paper is to provide designers and developers with a tool to make an informed decision on the use of context and contextawareness. We approach by presenting the assistive applications identified in
Sect. 1.2 and discussed in more detail in Sect. 4.1 from a context and contextaware perspective. Table 1 shows who the users were, the types of context-aware
services they used (see Sect. 3.2) and where the applications were deployed (i.e.
indoors or outdoors). Table 2 shows which context types (see Sect. 3.1) assistive
applications relied on to provide those services to their users.
4.1

Context-aware Assistive Applications

The following projects were identified in Sect. 1.2 for our literature review:
KITE. The Keeping In Touch Everyday (KITE) [45] project developed an outdoor navigation and communication system for PwDs. The Person with Dementia (PwD) carries a mobile device. It has a call button to contact the CG and
a navigation function. The navigation function presents the PwD with instructions to find their way home. Additionally, the mobile device tracks the PwD’s
position as well as the device and alert state. These contextual information is
presented to the CG via a web interface.
COACH. COACH [20, 29, 18] is an activity assistant for the hand washing process. The system visually tracks the user’s hand movement and process relevant

11

items. The system bases its decisions on current observations and the user’s level
of dementia and emotions. Emotions are referred to as attitude (dementia level,
awareness and responsiveness [18]). Only when the PwD experiences difficulties
with the task, COACH presents the user with either visual or audio prompts.
If prompts are ineffective and the PwD resume the task, the CG is called. The
user’s comportment influences the attitude and dementia variables over time.
COGKNOW. COGKNOW [14, 6, 7, 32] is a EU funded project to develop a
comprehensive support system for people with mild dementia. COGKNOW extends the the realm of the PwD’s residence. The PwD accesses services either
through a stationary touchscreen interface or a mobile device. Activities are supported with a context-aware reminder system, video recorded instructions for a
set of activities and simplified access to services. The reminder system triggers
time-based and event-based reminders. Reminders are set by a CG [14]. Simplified access to music, radio and communication service are presented by both
stationary and mobile device. Outdoors, the PwD has access to reminders and
communication on the mobile device. An additional navigation function to get
home is presented. Social communication is provided with a simplified interface
to the phone. The PwD is presented with pictures of each CG to call. A help
button is provided to directly call the main CG.
Context-Aware Wayfinder. [5] developed a navigation system for people with
cognitive impairments, including dementia. The system guides their users to a
destination by presenting images of the next waypoint and overlaying directions
for the user’s route. User and CG can call if needed. The system records the
route progress and compliance. It presents this monitoring information to an
authorized person.
ExPress Play. ExPress Play is an application for PwDs to engage in a creative
activity through music. The system provides a touch screen and an easy to
use interface. Users can select their emotion (happiness, sadness and anger)
which influences the music being played and the visualization of the sound. The
users interact with the application by dragging a finger across the screen. The
system draws shapes depending on the speed of movement and plays different
sounds [44].
CPVS. The Cell Phone Video Streaming (CVPS) system [12] is a mobile reminder for people with mild dementia. The system consists of a smart phone for
the PwD and a workstation with video camera for the CG. Reminders are video
clips that are presented to the PwD. The PwD’s CG records and schedules the
reminders for the user. The smart phone downloads videos and notifies the PwD
at the given time. The PwD needs to confirm the reminder by pressing a button.
Reminders’ confirmation state is accessible to the CG via a web-based interface.
MemExerciser. MemExerciser [24] alleviates episodic memory impairment by
recording and later replaying a PwD’s passed experiences. The system consists
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of three parts: mobile sensors for life-logging, the CueChooser application to create a narrative of the PwD’s experiences and MemExerciser to replay the narrative. A PwD carries a mobile camera with tree-axis accelerometer (Microsoft
SenseCam), an audio recorder and a GPS. The camera and GPS record data in
predefined time interval, the audio device records constantly. The recorded information is later preselected by the CueChooser application based on the context
meta data. The CG further refines and tags the data to select good memory
cues for the PwD. The PwD can partly compensate the memory impairment by
“recalling” past experiences with the MemExerciser application.

5

Discussion

There is an increased focus on early detection and diagnosis of Alzheimer’s
disease [8, 42]. A recent study commissioned by Alzheimer’s Disease International [42] found that early diagnosis and intervention were beneficial to Person
with Dementias (PwDs). The motivation for our research is to facilitate the design of assistive applications for people at the early stage of dementia. In this
section, we reflect on what we learned about the potential of assistive applications in dementia care to prolong independent living and how People with
Dementia (PwDs) and their caregivers (CGs) can be involved in the design process.
5.1

Assistive Applications to Prolong independent Living

The purpose of our work is to help designers to map the needs and requirements
of PwDs to the context dimensions activity, identity, location and time [9]. Our
literature study shows, that this field is drawing a lot of interest from the research community, which is reflected by several large scale research projects.
However, only few applications were tested with the actual target group. This is
not surprising, given the following two reasons. First, developing and testing for
PwDs is a cumbersome process. The specific disease does not allow a traditional
user-centered approach that designs for average users. Designers who collaborate
with PwDs face a number of challenges in their effort to understand the requirements and needs of their users [25, 37, 16]. They must develop systems that are
tailored to individual users’ context to reduce cognitive load, without putting
users under pressure, who often provide only vague and sometimes conflicting information [25, 37]. Second, there is no “user with dementia” archetype a designer
can aim for. While PwDs share many characteristics, the advancement of the
dementia syndrome is different for each person. Also the PwDs and their CGs’s
coping strategies will differ from case to case [39]. Designers must therefore not
only consider the PwD’s cognitive abilities, but also personal and social aspects.
This was the main reason our survey focused on projects in which PwDs participated as users. A challenge during our survey was to determine whether a piece
of data is context, as defined by Dey and Abowd [9] or not. During the study
of assistive software for PwDs, the perspective of context and context-awareness
provided us with a first impression of the role of context in the design process.
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5.2

Design Recommendations

We summarize these findings as a set of basic design recommendations here.
The recommendations are distilled from the practices presented by the projects
and papers we studied for this survey. We listed good practices that occurred
in one or more sources, and labeled them with a fitting title. With these design
recommendations we want to provide a set of general guidelines and rules that
lead to informed design for assistive applications for PwD. Since performing user
evaluations with this specific user group is complex and often undesirable, having
these guidelines can be of great help to create accessible assistive applications
tailored according to the target group.
Represent time explicitly: PwD rely on a concrete notion of time and
progress in time to alleviate the impacts of episodic memory impairment. Time
is therefore an important non-functional requirement, which is present in all the
services we studied. Time is often combined with other context information. E.g.
a reminder for medication may also consider the location to present reminders
when the PwD is in the right room. Or an activity assistant may adapt the triggering of prompts depending on the PwD’s mood. An appropriate interactive
system should schedule events in the interface and display reminders and other
information as well as recording time stamps in live logging for later retrieval.
– This recommendation is based on [16, 47, 13]
– This recommendation has been applied by [20, 45, 24, 44, 5, 6]
Label temporal events: Temporal impairment can be alleviated by giving a
meaning to temporal events. PwDs find it increasingly difficult to make sense of
time. This is referred to as semantic time in Table 2. Semantic time is inherently
linked to other context dimensions. For example “lunch” is the time when a
person eats at home, normally around 12:00h.
– This recommendation is based on [16, 47, 13]
– This recommendation has been applied by [6, 12]
Make location data accessible at all times: Use location in the dialog
with PwDs to mitigate topological and geographical disorientation. A typical
service for the PwD is a navigation system that guides the person from its
current location to a destination. Location also provides tracking capabilities to
locate the PwD and trigger alerts. Semantic location is a location in combination
with other context information. For example a shop or a rendezvous point, i.e.
a place where two or more people are to meet at a given time. Location also
manifests itself in the interface as choices of information of functionalities that
are presented to the user. For example a controller removes access to the radio
once the PwD leaves the house.
– This recommendation is based on [4, 16, 13]
– This recommendation has been applied by [5, 6, 45, 12]
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Explicitly and uniquely identify all people, concepts and objects in
the user interface: To avoid confusion, label all concepts, people and objects
that might be accessed through the user interface. This needs to be done in an
unambiguous way to avoid confusing the PwD. E.g. when to contact someone
using a contact list, people with similar names could cause confusion. In this situation extra information needs to be added to increase the discrepancy between
similar items. PwD tend to misplace objects or be unsure which object to use.
Activity assistants and reminders need to know which objects the PwD needs
for their tasks. Identity can also be combined with subtypes of activity, such as
the status of kitchen appliances.
– This recommendation is based on [16, 13, 47]
– This recommendation has been applied by [45, 6, 20, 5]
Put the social network central: The first line of help comes from other
people: CG, other relatives, medical professionals and friends. The interface can
reassure PwD that there are people they know reachable for help by including a
contact list. For example: one presentation of social relationships is an address
book that lets a PwD call a contact. An alerting service uses social relationship
to send notifications and escalate alerts to multiple contacts is an example for
a background service. Additional information about the contacts, such as competencies or availability, can help to route notifications to contacts that are the
most likely to help.
– This recommendation is based on [4, 13, 47, 31]
– This recommendation has been applied by [45, 6, 20, 5, 12]
Show the current activity at all time: The assistive application should show
what the currently planned activity is at all times. This relies on an agenda that
is available with the PwD daily activities. We found “user activity” is, together
with time, the most important but also the most demanding to incorporate into
the system design. Preferably, the previous activity and next planned activity
are included in the user interface design.
– This recommendation is based on [49, 16, 47, 4]
– This recommendation has been applied by [6, 45, 12, 20]
Foster Personal Identity: PwDs and their CGs are very sensitive about how
they are perceived by others. Maintaining their personal identity, respect and
dignity is vital for PwDs and their CGs. Assistive applications should be appealing to their users and not be perceived as stigmatizing. In addition to functional
requirements, the design must therefore consider the individuals’ preferences and
blend into their environment.
– This recommendation is based on [31, 34, 13, 16, 4, 21]
– This recommendation has been applied by [45, 12, 6, 44]
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Conclusion

The context and context-awareness classification and our design recommendations presented are by no means a substitute for consulting medical professional
and people affected by dementia. Our aim is to provide a tool to assist a preparatory investigation for the design and development of context-aware applications
for Person with Dementia (PwD). The framework informs developers and designers about possible use of context for their applications. Validation with the target
group remains the best approach, but given the condition of the test users it is
extremely difficult to do actual user trials. Our framework builds upon previous
research and development in this domain and makes the previous experiences in
building such system more accessible for developers and designers creating a new
system. When use cases are defined for a project, our reference framework helps
to identify the (1) dimensions of context that need to be taken into account, (2)
provide a set of examples of concrete implementations for these dimensions by
referring to relevant research projects and (3) helps to uncover important context dimensions that might otherwise easily missed while designing an assistive
application for People with Dementia (PwDs).
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services for identified unmet needs in people with dementia. Ageing research reviews 6(3), 223–246 (2007)
24. Lee, M.L., Dey, A.K.: Lifelogging memory appliance for people with episodic memory impairment. In: Proceedings of the 10th international conference on Ubiquitous
computing. pp. 44–53. UbiComp ’08, ACM, New York, NY, USA (2008)
25. Lindsay, S., Brittain, K., Jackson, D., Ladha, C., Ladha, K., Olivier, P.: Empathy,
participatory design and people with dementia. In: Proceedings of the 2012 ACM
annual conference on Human Factors in Computing Systems. pp. 521–530. ACM
(2012)
26. Mahmud, N., Vogt, J., Luyten, K., Slegers, K., Van den Bergh, J., Coninx, K.:
Dazed and confused considered normal: An approach to create interactive systems
for people with dementia. In: Bernhaupt, R., Forbrig, P., Gulliksen, J., Lárusdóttir,
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