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Abstract
Purpose of this study was to determine feasibility of an information system that enables
remote assistance between caretakers and elderly people suffering from dementia in a
smart kitchen environment. Such system could alleviate stress experienced by
caretakers by enabling provisioning of care giving between any combination of informal
and formal caretakers, and by increasing mobility of caretakers. Second research
problem was to evaluate benefits and drawbacks of using workflow technology to
model cooking activities as workflow process models in smart kitchen environment.
The research was conducted following the design science research framework.
Scenario-based method and literature review were used to determine functional and
technical requirements for the designed system. Quality function deployment method
was used to choose technical solutions to be implemented. The designed system was
evaluated by conducting a pilot test that is comparable to alpha test in software industry.
Two external test participants evaluated the design following formative usability study
guidelines. The pilot test confirmed that designed information system is feasible to be
built from technical perspective. The most significant benefit of using workflow
technology is ability to model and customize important daily activities such as preparing
own meals to match individual needs of users and changing nature dementia. The most
significant drawback of using workflow technology is demandingness of creating the
models. The results of this study provide technical confirmation on ability to construct a
supporting system for remote guidance of cooking activities. Also the study confirms
that workflow technology is an viable candidate for powering such system.
.
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Abbrevations
BPEL (Business Process Execution Language) – A non-graphical workflow modeling
language.
DSR (Design Science Research) – A research paradigm commonly used in information
systems research
DNS (Domain Name System) – A system for naming internet resources that translates
computer names to numerical IP addresses.
HTTP (Hypertext Transfer Protocol) - A commonly used by web browser applications
for client-server computing model.
HOQ (House of Quality) – One of the four matrices that are part of QFD method. House
of Quality is also known as the planning matrix of QFD.
QFD (Quality Function Development) – A design methodology that into account voice
of customer in a product design process.
OBE (Open Business Engine) – Open source project for creating a workflow
management system.
TCP/IP (Transmission Control Protocol / Internet Protocol - set of communications
protocols used for the Internet.
UML (Unified Modeling Language) – A graphical notation that consist of different
diagram types to model different aspects of information systems or real life use-cases.
VESC (Value Creation for Smart Living Environments for Senior Citizen) – A joint
Japanese-Finnish project funded by the Academy of Finland.
WfMC (Workflow Management Coalition) – An international non-profit organization
responsible for creating workflow standards.
XPDL (XML Process Definition Language) – A workflow modeling language
supporting both graphical representation and machine-execution.
XML (Extensive Markup Language) – A standard for textual information exchange by
World Wide Web Consortium.
SmartFlow – A name assigned to the designed information system by the researcher.
Caretaker – Also referred in literature as a caregiver. Informal caretaker is a family
member and formal caretaker a health care professional.
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1.

Introduction

Declining birth rate and increased life expectancy have resulted to accelerated aging of
population worldwide. Europe is amongst regions with highest average age in the world
(Lutz, Sanderson & Scherbov, 2008.) As prevalence of dementia is known to increase
with age, the accelerated aging of population leads to growing medical, social and
economic challenges for societies (Winblad, Viramo, Remes, Manninen & Jokelainen,
2010.) The report from National Institute of Health and Welfare (2009) shows that
during years 2001-2009 percentage of patients with memory illnesses increased steadily
in relation to total number of patients in Finland, and usually the patients with memory
illnesses were receiving care in health center wards.
Assistive technological solutions offer a way to alleviate growing demand of specialized
treatment for people suffering from memory impairment. These solutions can improve
quality of life for many, as well as be financially beneficial for the health care system. A
collaborative Nordic (Finland, Iceland, Norway, Sweden and Denmark) study about use
of assistive technological aid devices shows that there are cases where transfer of
patient from home care to health center wards had been postponed, and the strain on
caretaker of the patient being reduced. Although there is a constant need for adapting
the aid devices to match individual needs and changing nature of the dementia
(Månsson, Hurnasti & Topo, 2008.)
Whether an elderly demented person can function independently depends on the elderly
person‘s ability to manage important self-caring daily activities, such as ability to
prepare own meals, doing house work, going shopping or managing own money for
instance (Østbye, Tyas, Mcdowell & Koval, 1997.) Mild to moderate level of dementia
may already require personal assistance to manage daily activities. Smart environments
are one alternative in providing assistive technology for helping elderly people suffering
from dementia and their caretakers in managing some of the instrumental daily activities
(Wherton & Monk, 2010). This research focuses on developing further the concept by
Ikeida, Asghar, Hyry, Pulli, Pitkänen and Kato (2012) for remote assistance of senior
citizen suffering from mild to moderate dementia to assist in cooking activities in smart
kitchen environment.
Important aspect to consider is the well-being of the caretakers. According to Powel,
Gunn, Lowe, Sheehan, Griffiths and Clarke (2010), caretakers experience stress and
difficulties in caring for people with dementia that emerge from isolation and time
demands for instance. The SmartFlow design developed in this research could help
alleviate stress and difficulties experienced by the caretakers by offering mobility and
provisioning of caring between family members and formal caretakers. As suggested by
Topo (2009), this research takes in to account needs of different types of caretakers in
the designed system. For instance, SmartFlow design allows a caretaker to assist to
assist an elderly person in a cooking process regardless whether the caretaker is familiar
with the particular recipe beforehand or whether the caretaker has visited before the
home of the elderly demented person suffering from dementia. This is made possible by
incorporating workflow technology to model real life activities as process models. Also
this research introduces a novel approach to embed context-awareness in to the process
models.
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1.1 Purpose of the study
Purpose of this study is to produce new knowledge regarding remote guidance of
elderly demented person to assist in cooking activities, and adapting workflow
technology to model kitchen processes for elderly people suffering from dementia.
Purpose is to gain knowledge through process of designing an information system that
enables remote guidance and incorporates workflow technology. The designed
information system is validated by conducting a pilot test to verify the implementation,
and use the information gained during the pilot test to refine the design and find out
areas that require further research.

1.2 Prior research
This research is done as part of VESC (Value Creation for Smart Living Environments
for Senior Citizen) project which studies technological solutions to improve quality of
life for senior citizen suffering from dementia. The focus in this research involves the
smart kitchen concept developed in VESC project that enables remote assistance of
senior citizen by a caretaker on cooking activities. (Hyry, Yamamoto & Pulli, 2011;
Pulli, Hyry, Pouke & Yamamoto, 2010; Ikeida, Asghar, Hyry, Pulli, Pitkänen & Kato,
2012.) This smart kitchen concept is being expanded by this study to include a design
for an information system to connect a caretaker and an elderly demented person. The
design requires further knowledge about memory impairment and dementia, existing
knowledge about assistive technologies and experiences in adapting them in use,
information about other smart environment solutions and knowledge about existing
workflow technology solutions. The information gathered from prior research can be
used in discovering functional and technical requirements for the designed information
system.

1.3 Research questions
Following research questions have been devised to satisfy goals of this study:


Research question 1: Evaluate the feasibility of remote care taking for assisting
elderly people suffering from dementia in cooking activities from information
system perspective.



Research question 2: Evaluate benefits and drawbacks of using workflow
technology to model and execute cooking activities for elderly people suffering
from dementia.

Järvinen (2000) suggests that when research is about building a new artifact, suitable
research question could be to ask whether it is possible to build the artifact. This
suggestion is being applied in research question 1. In evaluation of built artifact the
research question could be to determine the efficiency of particular solution (Järvinen,
2000.) In this research the second question is related to determining the efficiency of
adapting workflow technology in terms of benefits and drawbacks.
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1.4 Overview of used research methods
This research follows the design science research (DSR) framework. The goal of DSR is
to answer research problems through knowledge gained in process of building and
evaluation of innovative artifacts (Hevner & Chaterjee, 2010). Narrative literature
review has been conducted to establish sufficient base knowledge about key subjects
involved in this research. Systematic literature review has been also used to gather
functional requirements for the designed artifact. Scenario-based method has been used
to create scenarios to simulate appliance of designed artifact in real world situations.
The gathered information has been transformed into technical requirements for the
designed system.
Quality function deployment (QFD) method has been used to assist in the design
process of the artifact. A planning matrix has been devised on basis of gathered
functional and technical requirements to produce a design with most suitable technical
properties to satisfy the requirements. Finally a pilot test has been conducted to validate
the feasibility of building the artifact, and formative usability study was conducted to
the test participants to evaluate the designed artifact.

1.5 Main contribution
Research pursues to design an innovative way to combine existing workflow technology
into assistive aid devices designed for elderly people suffering from dementia and their
caretakers. The results provided by this study produce new information about
possibilities of adapting this technology in areas where it has not been previously
adapted. SmartFlow information system expands existing concept of using remote
guidance for assisting senior citizen suffering from dementia in cooking activities.
SmartFlow design establishes better understanding of roles and technical requirements
involved in this concept, but it also provides avenues for future research regarding
business and organization models. The research results verify that such system is
feasible to build in technical terms.

1.6 Structure of the thesis
The structure of the thesis presents the research process in same order as stated by DSR
framework (Hevner & Chaterjee, 2010). Chapter two describes the chosen research
paradigm and research methods in detail, and how they were applied in this study.
Chapter three describes findings from literature regarding the key topics related to this
research. Chapter four presents the design for the SmartFlow information system.
Chapter five describes how the pilot test of the SmartFlow system was conducted, and
presents the results of the pilot test. In chapter six the designed system and the results
are being reflected against existing knowledge. Chapter seven lists limitations of this
study and recommendation for future research along with summary of results and
concluding words.
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2.

Related research

This chapter presents findings from prior research concerning key topics of interest in
relation to this study. The goal of this chapter is to provide deeper understanding of
dementia and how it affects seniors, and to gain knowledge about existing assistive
technological solutions and experiences from adapting them. Also this chapter presents
findings about existing smart environment solutions and about workflow technology.
This chapter ends with exploring concept of remote caretaking. The information
gathered from these topics will help determining technical requirements for any new
assistive technological solution for elderly people suffering from dementia and their
caretakers.

2.1 Memory impairment and dementia
Dementia is defined to consist of any combination of following characteristics:
impairment of short and long term memory, impairment in abstract thinking, impaired
judgment, other disturbances of higher cortical functioning and personality change.
Dementia significantly interferes with work and social activities (Winblad, Viramo,
Remes, Manninen & Jokelainen, 2010.) There exist several causes for memory
impairment and dementia such as ageing related, alcohol, narcotics and drugs (National
Institute of Health and Welfare, 2009). The focus of this research is solely on senior
citizens suffering from mild to moderate level of dementia and memory impairment.
Alzheimer‘s disease (AD) is the most common form of dementia accounting for fifty to
eighty percent of diagnosed dementia cases (Alzheimer‘s Association, 2012). In
Alzheimer‘s type of dementia the cognitive abilities collectively known as execute
function deteriorate, as the disease progresses. Rainville, Amieva, Sylvaine, Dartigues,
Orgogozo and Fabrigoul (2002), list executive function to include number of
interrelated skills such as recognition and selection of appropriate goals, manipulation
of concurrent information (e.g. set shifting, sequencing, monitoring), cue-directed
attention and concept formation. Executive function also involves strategic planning,
impulse control and organized search, as well as flexibility of thought and action
(Rainville, Amieva, Sylvaine, Dartigues, Orgogozo & Fabrigoul, 2002.)
In the typical form of AD that covers approximately sixty-one percent of all AD cases,
persons experience deterioration of working memory (i.e. short term memory),
executive task performance and attention. This means that persons with typical AD will
have difficulties following up long sequence of instructions or long singular task
instruction. This occurs due to lack of processing capacity, and even when acting
without distraction. In a study by Stopford, Thompson, Neary, Richardson and Snowden
(2010) report results about measurements conducted to persons suffering from typical
AD, amnesiac AD and Frontotemporal dementia (FTD). These measurements show a
concrete example on how differently dementia related illnesses can affect demented
person‘s ability to perceive information. Of specific interest to this study are the results
concerning vigilance. Two separate vigilance tests were conducted for sustained
attention and continuous performance. On the continuous performance tasks, persons
with typical AD were subject to ―loss of track of task‖ where persons with FTD were
not. The accuracy for detecting visual stimuli in sustained attention test showed FTD to
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suffer impairment where typical AD performed normally. Both FTD and typical AD
showed impairment of detection accuracy on continuous performance test. All persons
with FTD, typical AD or amnesiac AD made more errors when the presentation speed
of visual stimuli was increased (Stopford, Thompson, Neary, Richardson & Snowden,
2010.)
Vogt, Luyten, Van der Bergh, Coninx and Meier (2012) conclude that is difficult extract
a profile for an average person suffering from dementia due to diverse nature of
symptoms. As shown in study by Stopford, Thompson, Neary, Richardson and
Snowden (2010) AD and FTD alone affect the demented people very differently. In
addition to AD and FTD, there exist other forms of dementia such as vascular dementia,
dementia with Lewy-bodies and Parkinson‘s disease that all have manifest different
symptoms (Alzheimer‘s Association, 2012). It is out of scope for this study to research
how these symptoms can be accommodated; rather it is sufficient to be aware that
dementia manifests in various forms.

2.2 Assistive technological solutions for elderly people suffering
from dementia and their caretakers
Primarily function of assistive technological solutions is to compensate for loss of
cognitive capabilities. Other functions include assistance in ability to perform tasks that
would be otherwise impossible or hard to accomplish, and to facilitate meaningful
leisure activities such as ability to maintain social networks. Further functions relate to
safety of elderly people suffering from dementia and reassurance of caretakers (Topo,
2009.) Safety and reassurance arose also in study by Robinson, Brittain, Lindsay,
Jackson and Olivier (2009), where they concluded that not being able to communicate
or to know the whereabouts of the elderly demented person at times caused stress for
caretakers. Important functionality wished, by both caretakers and persons suffering
from dementia, was ability for two-way communication at any given time (Robinson,
Brittain, Lindsay, Jackson & Olivier, 2009.) It is important to understand how
technology can be used to assist elderly people suffering from dementia, but it is also
imperative to include the people suffering from dementia and their informal or formal
caretakers in to the design process (Topo, 2009).
A study by Caprani, Greaney and Porter (2006) state that it is important to take into
account physical, cognitive and psychosocial factors when considering a new design, as
they influence on senior citizens attitudes about how easily new devices are accepted
and adapted in everyday use. Physical factors correspond to visual, hearing and fine
motor problems. Cognitive factors refer to requirements for usability and easiness to
learn. Psychosocial factors impose requirements for a design in terms of affordability,
size and appearance (Caprani, Greaney & Porter, 2006.) The study by Månsson,
Hurnasti and Topo (2008) also recognizes the need to include elderly people suffering
from dementia and their informal caretakers to be part of the decision process to find
out the most suitable technical solution for the particular case. This makes assistive
technological devices easier to accept (Månsson, Hurnasti & Topo, 2008.)
Use of assistive technologies is recommended to start as early as possible after a person
has been diagnosed with pre-dementia symptoms, and should include possible caretaker
as well. This is because the ability to learn new things becomes slower or is even halted
for the demented people. Already installed assistive technologies may need to be
changed because they have become obsolete or they need to match the changing
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requirements imposed by the deteriorating condition of the elderly people suffering
from dementia (Månsson, Hurnasti & Topo, 2008.) Based on Månsson, Hurnasti and
Topo (2008) study Hyry, Yamamoto and Pulli (2011) have listed following basic
requirements for designing assistive technologies for elderly people suffering from
dementia and their caretakers: combining device functionalities, lessening the amount of
devices and creating adaptive and tailored user interfaces implementing tele-presence
assistance.
Yet another challenge for creating aid devices is the lack of awareness about the context
in which the devices is being activated. A reminder device might prompt a voice alarm
when the user is not in the same room for instance or has the user already taken required
action before the reminder issues the prompt. Also many devices rely on reply from the
user in some form to be aware whether an action has been completed for instance. This
might be problematic for more advanced cases of dementia where loss of coherence
might prevent the user in interacting with the device (Mihailidis & Fernier, 2002.)
Determining user-requirements for assistive technological solutions may be difficult at
times due to many types of users for the system. These types include people suffering
from dementia, their families, informal caretakers or possible even police or emergency
services. Also sometimes different users express opposing views over user-requirements
(Topo, 2009.)
It is important to distinguish the requirements that have direct effect on the design of an
information system. Psychosocial factors such as affordability can be taken in to
account when designing a system, but size and appearance are obviously harder to
accommodate in terms of connection protocols or software solutions. Physical factors
such as visual, hearing and fine motor problems are problems that the elderly people
suffering from dementia experiences on the concrete physical environment. The
physical environment in context of this study corresponds to an interface between a
senior citizen or a caretaker, and the designed information system. Such environment
can be understood as a component of the information system, but its implementation is
adapted as a result from prior research and the requirements concerning the environment
are out of scope for this study. The concept of the physical environment is discussed in
next chapter.

2.3 Smart kitchen environment for elderly people suffering from
dementia
Smart or intelligent environment according to Das and Cook (2006, p.498) is defined as,
―one that is able to autonomously acquire and apply knowledge about the environment
and adapt to its inhabitants‘ preferences and requirements in order to improve their
experience.‖ The experience can mean safety of inhabitants, resource optimization (e.g.
heating or power solutions) or task optimization. Knowledge about the environment can
be acquired by using variety of sensors perceiving the smart environment. After
acquiring knowledge an intelligent environment can apply an appropriate action to
improve inhabitant experience through actuators. Das and Cook (2006) acknowledge
that there are difficulties for applying this definition in a smart environment when
involving multiple inhabitants (Das & Cook, 2006.)
J. Reijula, Gröhn, Müller and K. Reijula (2011, p. 225) define a set of basic
requirements for an intelligent environment as, ―sense the interaction between users and
space, process this information and understand the context data, react in a way that
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adjusts to users‘ needs and enhances their endeavors in the environment, be active and
autonomous (show self-initiated functionality) and be omnipresent.‖ The concept of
smart living environment by Das and Cook (2006) puts emphasis on smart
environments ability to adapt to behavior of its inhabitants to be able to better optimize
usage of resources for instance. J. Reijula, Gröhn, Müller and K. Reijula (2011) on the
other hand conceptualize a smart environment that actively and autonomously promotes
actions on the environment to enhance flow of work and workers perception of their
well-being.
In this research a smart kitchen environment is designed to be used by elderly people
suffering from mild to moderate dementia as an assistive technological solution. The
smart kitchen concept is based on previous research done by environment Ikeda, Hyry,
Pitkänen, Asghar, Pulli and Kato (2011). According to Olivier, Xu, Monk and Hoey
(2009) study (as cited in Ikeda, Hyry, Pitkänen, Asghar, Pulli and Kato 2011), a typical
smart kitchen is equipped with graphical displays and speakers used for prompting
assistance, and with cameras and microphones to capture a situation around a supported
user. Wearable cameras and projectors can cause discomfort to elderly people implying
that prompting devices should be in fixed positions as a part of the smart kitchen
environment (Ikeda, Hyry, Pitkänen, Asghar, Pulli & Kato, 2011.)
Wherton and Monk (2010) define nine types (see Table 1) of incidents where prompting
is judged to be needed for elderly people suffering from dementia performing kitchen
tasks. According to Ikeda, Hyry, Pitkänen, Asghar, Pulli and Kato (2011), research
groups have tried to implement automated recognition system to accommodate the nine
types of incidents without being able to achieve full automation. The problems arise
from unpredictable situations and actions that are difficult handle through automation.
Considering that elderly people suffering from dementia may be living alone, a
caretaker is needed instead of an automated system to assure that assistance is received.
As formal or informal caretakers might reside far from physical location of a smart
kitchen, there needs to be a suitable technological solution implemented to allow remote
assistance. According to Kuzuoka, Kosuge and Tanaka (1994) (as cited in Ikeda, Hyry,
Pitkänen, Asghar, Pulli and Kato 2011), verbal instructions alone can be inadequate
means to express locations of objects of related cooking process (Ikeda, Hyry, Pitkänen,
Asghar, Pulli and Kato, 2011.)
Table 1. Categories of incidents where prompting was judged to be needed. Adapted
from ―Problems people with dementia have with kitchen tasks: The challenge for
pervasive computing‖ By J.P. Wherton & A.K Monk, 2010, Interacting with
Computers, 22, p. 263. Copyright 2010 by Elsevier B.V.
Problem
Intrusion

Problem category
Sequencing problems

Problem description
An inappropriate action deleterious to task
completion

Omission

Sequencing problems

Action(s) implying that another pre-requisite
task has been omitted

Repetition

Sequencing problems

Action(s) implying that the user is repeating a
completed subtask and this will this be
deleterious to task completion

Locating

Problem finding things

Questions from the user; action(s) implying
that the user is searching for an item not
currently visible; where that item is
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Identifying

Problem finding things

Questions from the user; action(s) implying
that the user is searching for an item that is
currently visible; where that item is

Appliances

Problem finding things

Action(s) implying that the user is failing to
work the appliance

Toying

Incoherence

Goalless activity

Inactivity

Incoherence

Inappropriate inactivity

Safety

Incoherence

Dangerous actions or when the environment in
a dangerous configuration

SmartFlow information system, the research artifact of this study, is designed to
accommodate the requirement by Ikeda, Hyry, Pitkänen, Asghar, Pulli and Kato (2011),
for enabling caretakers to assist elderly people suffering from dementia across longer
distances. Although smart kitchen is not included directly in the information system
design for this research, it is still connected to it as an external component. It is prudent
to understand requirements imposed for the design of a smart kitchen for elderly people
suffering from dementia and technical decision taken to accommodate the requirements,
since it helps to determine technical requirements for connection between smart kitchen
and SmartFlow information system.

2.4 Workflow technology
Workflow Management Coalition (WfMC) is an international non-profit organization
established in 1993 to create standards for terminology, interoperability and
connectivity between workflow products (van der Aalst, 2003). WfMC defines term
workflow as, ―automation of procedures where documents, information or tasks are
passed between participants according to a defined set of rules to achieve, or contribute
to, an overall business goal.‖ (Hollingsworth, 1995, p. 6). A workflow is an instance of
a workflow model that consists of activities in specific order. Workflow models can
either be used as a means to document business processes or to use workflow
management system for machine-aided execution of the models (Kopp, Martin, Wutke
& Leymann, 2008.) According to the WfMC, a workflow management system can be
defined as ―a system that completely defines, manages and executes ‗workflows‘
through the execution of software whose order of execution is driven by a computer
representation of the workflow logic.‖ (Hollingsworth, 1995, p. 6).
Workflow technology provides means through workflow management systems to
model, execute and manage business processes. This allows management to better
understand the processes and also makes it easier for enterprises to adapt and improve
their business processes through business process re-engineering in order to be able to
better cope with changing markets (Leymann & Rollers, 2000, as cited in Wieland,
Kaczmarczyk & Nicklas, 2008.) Growing maturity of sensors and wireless
communication has made it possible to extend the usage of workflow management
systems from business processes to physical world technical processes as well.
Wieland, Kaczmarczyk and Nicklas (2008) conclude that use of a BPEL (Business
Process Execution Language) workflow modeling language enables domain experts to
model new workflow processes without need for an application specific modeling
language or experts (Wieland, Kaczmarczyk & Nicklas, 2008.) BPEL is an executable
XML-based (Extensive Markup Language) orchestration language that specifies
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interactions between web services. These interactions consist of both executable and
abstract business processes. Lange, Magedanz, Blum and Margaria (2010, p. 2), define
an orchestration language as, ―means a specification of an executable process, the
message exchange with other systems involved, and finally the coordination and
management of the entire process. ‖ In other words, workflows created with
orchestration language can be directly run by workflow management systems (Lange,
Magedanz, Blum & Margaria, 2010.)
Various orchestration languages support block, graph or hybrid based modeling. In
block based structure, if and while types of pseudo code are used to define the ordering
of workflow activities. In graph based structure, a control flow is defined with explicit
control links represented by an arrow symbol for instance. Whether purpose is to model
processes solely for documentation purposes (abstract processes) or whether the model
is intended to be deployed on workflow management system (executable processes),
depends on the process to be modeled and the intended use of the resulting model. In
hybrid languages both abstract and executable are included in the model. BPEL is a
block type language (Kopp, Martin, Wutke & Leymann, 2008.) Petri nets are an
example of graph based modeling tool that is particularly suitable for presenting model
information systems from mathematical perspective (Murata, 1989). XPDL (XML
Process Definition Language) is a hybrid type orchestration language developed by
WfMC. XPDL includes both, BPMN (Business Process Modeling Notation) for
graphical presentation and abstract process modeling, and XML connection to an
enactment service for execution of the process on a run-time environment (van der
Aalst, 2003.) A workflow engine is an instance of enactment service (Hollingsworth,
1995). In XPDL a workflow engine can directly execute graphical human designed
workflow models (van der Aalst, 2003). XPDL enables distributed execution of
processes through usage of pools to define different participants in the process
execution. These participants can be different run-time environments, or human
participants in case of abstract business process (Workflow Management Coalition,
2012.)
Sensors within intelligent environment can be used to detect when a user has finished a
step in a workflow in order to proceed to next step. Usage of sensors this way reduces
the amount of user interaction needed. The downside is that manually specifying trigger
conditions can be cumbersome and almost impossible for environments which are not
known at the time when workflow is being designed (Hartmann, Ständer & Uren, 2011.)
In study by Hartmann, Ständer and Uren (2011) a tea making is being used in a kitchen
environment as a sample workflow process. The study focuses to determine trigger
conditions to end an activity in order to proceed to next activity in the workflow
process. Hartmann, Ständer and Uren (2011) constructed an algorithm to adapt the
trigger conditions to an intelligent environment simulated by sensors attached to the
objects used in the tea making workflow. User interaction was needed to verify the end
of an activity by pressing a button. The workflow needed to be run twice to get enough
data to form estimation for a trigger condition. They compared the trigger conditions
generated by the algorithm to those manually created by workflow experts and
concluded that the generated results were comparable to those created by workflow
experts (Hartmann, Ständer & Uren, 2011.)
Workflow technology has been successfully applied in smart kitchen context as shown
by Hartmann, Ständer and Uren (2011) in their study. Contrary to this study they
focused on an automated system where machine-triggered events received from the
kitchen environment were used to control the workflow. In this research workflow
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engine is controlled manually by a caretaker. A choice for orchestration language
should be to choose most suitable solution to reflect these requirements. Since workflow
technology is not used solely for documentation purposes it is plausible to determine
that a graph-based solution alone is not sufficient.

2.5 Remote Caretaking
According to Powel, Gunn, Lowe, Sheehan, Griffiths and Clarke (2010), caretakers
experience stress and difficulties in caring for people with dementia that emerge from
isolation, emotional impacts, time demands and financial struggles. When new
technological solutions are being designed for elderly people suffering from dementia,
needs of their caretakers are not being taken in to account. For informal family
caretakers these needs are to look for concrete solutions to be better able to balance
amount of time put in to caretaking and personal tasks (Chen, Ngo and Park, 2013.)
Topo (2009) also lists that there can be many other types of caretakers such as doctors,
nurses or even police and emergency service workers. Also their needs should be taken
in to account. Sugihara, Fujinami, Phaal and Ikawa (2012) report in their study that also
formal caretakers working in health care centers are experiencing increased workloads.
Emerging new technologies relying on communication networks enable development of
wide variety of tele-care applications. These applications can aid caretakers by
providing improved access to health information, ability for remote monitoring, divide
care burden through provisioning and by reducing caretaker‘s isolation (Powel, Gunn,
Lowe, Sheehan, Griffiths & Clarke, 2010.) Remote caretaking is similar to tele-care
type of concept. In this research remote caretaking can be understood, as taking care of
an elderly person suffering from dementia from a remote location using assistive
technological solutions by formal or informal caretakers. Smart environments are being
designed to accommodate needs imposed by dementia and needs of elderly people
suffering from dementia. In remote caretaking, design focus is to take in to account
needs of caretakers also. In this research a systematic literature review was conducted to
find out needs of caretakers, as well as elderly people suffering from dementia.
Remote caretaking involves use of tele-presence through projectors and cameras
installed in the smart kitchen environment (Pulli, Hyry, Pouke and Yamamoto, 2010).
This would imply that the system design involving tele-presence needs to be
comprehensive enough to enable a caretaker, who is not familiar with either particular
kitchen environment or cooking activity, to be able to assist elderly person suffering
from dementia in completing kitchen tasks. Therefore the system should be able to
produce directions for particular cooking activity, and produce information about
locations of items needed in the cooking activity, for both caretakers and elderly people
suffering from dementia. In study by Hartmann, Ständer and Uren (2011) workflow
technology is being used to model kitchen activities and sensors to trigger execution of
these process models. Even though if triggering were to occur manually by a caretaker,
it would still enable caretakers to assist elderly people suffering from dementia without
need for learning new cooking activities, and therefore reduce their workload. Even
partial automation of this system could further reduce workload from caretakers.
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3.

Research methods

This chapter details theoretical foundations for selected research paradigm and research
methods for this study, and how it has been applied in practice. Chapter 2.1 defines
DSR paradigm and why it was chosen for this study. Chapter 2.2 explains the research
framework in detail and how it was applied in this study. Chapters 2.3 to 2.6 describe
the used research methods.

3.1 Design science research paradigm
The definition of DSR according to Hevner and Chaterjee (2010, p. 5) ―is a research
paradigm in which a designer answers questions relevant to human problems via the
creation of innovative artifacts, thereby contributing new knowledge to the body of
scientific evidence. The designed artifacts are both useful and fundamental in
understanding that problem.‖
The creation of artifacts relies on existing theories or technology that are first applied
and tested, and then modified and extended by a researcher through experience,
creativity, intuition and problem solving capabilities (Hevner, Salvatore, Jinsoon &
Ram, 2004). The research questions that are to be answered by this study present clear
human problems relevant to health care industry, smart environment creation and
treatment of elderly people suffering from dementia. In order to be able to answer these
questions an information system needs to be designed. This SmartFlow information
system corresponds to the artifact in DSR. Designing and building the SmartFlow
information system also requires existing knowledge about workflow technology to be
applied and tested in order to be able to evaluate benefits and drawbacks to answer
research question two. As stated by Hevner and Chaterjee (2010, p.5), ―The
fundamental principle of design science research is that knowledge and understanding
of a design problem and its solution are acquired in the building and application of an
artifact.‖

3.2 Research framework
Overall conceptual framework for executing and evaluating information systems
research is depicted in figure 1. The environment defines the context (people, business
organizations or planned technologies) where phenomenon of interest resides. This
context consists of goals, tasks, problems and opportunities that define business needs
as they are being perceived by the people in the organization. These perceptions are
affected by the roles, capabilities and characteristics of the people. These perceptions
also need to be assessed and evaluated in relation to organization (strategies, structure,
culture and processes) and existing technological solutions (infrastructure, applications,
and communications architecture and development capabilities) (Hevner, Salvatore,
Jinsoon & Ram, 2004.)
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Figure 1. Information systems research framework. Adapted from “Design Science In
Information Systems Research” By Hevner, A., Salvatore, M., Jinsoon, P., & Ram, S.
2004. MIS Quarterly, 28(1), p. 80. Copyright 2012 by ProQuest.

The environment shown in figure 1 is also applicable in this research. Senior citizens
and their formal or informal caretakers are the central people in this research. Their
capabilities and characteristics are affected by level and type of dementia for instance.
The organization in this research can be understood as the part of public health care
services that is responsible of caretaking for senior citizen suffering from memory
impairment. Infrastructure in this research could mean existing solutions for enabling
remote care taking, such as internet connection for instance. Technological applications
could be understood as mobile devices that could potentially be used as a platform
supported by the designed artifact.
The information systems research has two complementary phases. According to Hevner,
Salvatore, Jinsoon, and Ram (2004, p.79), ―behavioral science addresses research
through the development and justification of theories that explain or predict phenomena
related to identified business need. Design science addresses research through the
building and evaluation of artifacts designed to meet the identified business need.‖
Justify and evaluation activities assess the theory or constructed artifact, and may lead
to refinement of the theory or artifact, forming a cycle that can be repeated. Appropriate
use of prior research and results to build and develop new theories or artifacts, and
applying methodologies to give guidelines about performing the justification and
evaluation activities, adds to the rigor of information system research. Also narrowing
these research activities to address identified business needs assure research relevance
(Hevner, Salvatore, Jinsoon & Ram, 2004.)
The contribution of information system research is assessed when the constructed
artifact is being applied in to the environment where the business need originated from.
In DSR computational and mathematical methods are primary means of evaluation of
quality and effectiveness of constructed artifact. Hevner, Salvatore, Jinsoon and Ram
(2004, p.81) sum up the contribution of information system research as, ―A justified
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theory that is not useful for the environment contributes as little to the information
system literature as an artifact that solves a nonexistent problem.‖ (Hevner, Salvatore,
Jinsoon & Ram, 2004.)
First activity in DSR research process is problem identification and motivation. More
precisely, specific research problems are defined and value of the solution justified.
Justifying the value of solution motivates researchers to pursue the solution. Also it
motivates audience to accept research results by helping the audience in understanding
reasoning behind the researcher‘s understanding of the problem. Research problem
needs to be defined before development of artifact that can provide a solution. This
leads to the second activity of DSR, defining objectives for a solution. The objectives
can be quantitative or qualitative. In order to define objectives, the researcher needs to
have knowledge of the state of the problem and current existing solutions for it. This
activity is followed by the design and development activity that consist of determining
artifact‘s desired functionality (functional requirements) and its architecture (technical
requirements), and then leading to development of the actual artifact. After the artifact
is constructed it will be demonstrated. In demonstration, the artifact is used to solve one
or more instances of the research problem. In fifth activity, the demonstration is being
evaluated. Aim is to observe and measure how well the artifact supports the solution
and comparing the objectives of a solution to actual results. After evaluation the
researcher can decide whether to re-iterate the process with possible modifications to
the designed artifact, or to continue to communication. In communication activity
problem and its importance, utility and novelty of designed artifact, the rigor of that
design, and its effectiveness to researchers and other relevant audience is being reported
(Hevner & Chaterjee, 2010.)
Figure 2 illustrates the central role of theory building in DSR and also the iterative
nature of the research process in DSR. ―Theories are proposed by someone and
analysed, validated, refuted, modified, enhanced, evolved, and, hopefully, accepted and
adopted over time by many.‖ (Venables, 2006, p.16). Two meanings have been
classified for the word theory in DSR for information systems, kernel theory and design
theory. Kernel theory is a theory originating outside information systems disciple that
can be refined and developed through means of DSR. Design theory produces explicit
prescriptions on ―how to do something‖ (Kuechler & Vaishnav, 2008.) In this research
an artifact is being built to solve a problem. How this artifact was built and how well
does the built artifact satisfy the solution space, form together a design theory process.
Theory building process depicted in figure 2 is more detailed representation of assessrefine cycle in information systems research depicted in figure 1.
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Figure 2. Activity framework for DSR. Adapted from “The Role of Theory and Theorising in
Design Science Research” By J. Venables, 2006. In Proceedings of the 2006
Information Resource Management Association Conference, p. 17.Copyright 2006 by
CGU.

The first step of the research as suggested by Hevner and Chaterjee (2010) was to define
the research problem and justifying the value of solution. For this study, research
problems were formed on basis of emerged problems in previous research in VESC
project (Ikeida, Asghar, Hyry, Pulli, Pitkänen & Kato, 2012). This implies that results of
this study have importance regarding the prior research and its audience. Also a novel
attempt to incorporate workflow technology in to the artifact of this research further
expands importance of this study. As suggested by Hevner and Chaterjee (2010), the
next step of the research process was to define objectives for a solution. This requires
knowledge about the state of the problem and knowledge about existing solutions for it.
In this research the knowledge about the state of the problem and current existing
solutions came through a narrative literature review.
A systematic literature review was later conducted to determine functional requirements
that are needed for artifact development. Scenario-based method was used to find
technical requirements. After this, quality function development (QFD) method was
used to determine appropriate technical solutions to meet the functional requirements.
Fourth activity was demonstration of the developed artifact. In this research, the fourth
activity was conducted as a pilot test with two outside participants and another
researcher. In fifth activity the demonstration was evaluated by performing a formative
usability study and comparing computational measurements to observations made by
the researcher during the demonstration. Following chapters 3.3-3.6 describe in detail
the research methods that were used complete the DSR framework activities.
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3.3 Literature review methods
As suggested by Baumeister and Leary (1997) the literature review should not be
constrained by original hypothesis, instead they encourage refining review criteria after
new findings. At the start of this study the literature review was conducted to gain basic
knowledge about terminology, most common technical solutions and venues for
publications. Later the review was refined to focus more on findings from key
researchers and research data bases in the field of study. Baumeister and Leary (1997, p.
319) also refer to ―selective review of evidence‖ which can manifest itself as selective
critique and only selecting material supporting research view. Many steps have been
taken in this study to avoid this. Such steps include selecting only the most widely
accepted material and technological solutions. This means that also possible solutions
that were ultimately excluded have been reviewed alongside the selected solutions. The
reasons for exclusion of a technology have been presented are also part of the
contribution to the body of knowledge by this study.
As for narrative literature review, the databases where the literature was searched from
were selected as on basis of relevance to field of study as suggested by Baumeister and
Leary (1997). The selection of databases was affected by access granted by the
researcher‘s university, and by experiences gained through narrative literature review
and researcher‘s own experiences in finding information related to the field of study.
As keyword searches are most common way of identifying literature they were also
used in this research. Boolean operators such as ―AND‖ and ―OR‖ were adopted to
combine keywords as suggested by Cronin, Ryan and Coughlan (2008). A set of
exclusion and boundary criteria were set define the candidates for more detailed
analysis at preview stage. As the purpose was to find as many as possible functional
requirements, data both from primary and secondary sources were included in detailed
analysis. Detailed analysis consisted of reading the articles and identifying research
where explicit functional requirements could be extracted and that were rigorously
validated. Summary of selected articles, the functional requirements extracted, used
research method and sample size were presented in table form (Cronin, Ryan &
Coughlan, 2008.)
Two literature review methods were used in this study. First method was narrative
literature review with goal of surveying the state of knowledge concerning senior citizen
suffering from dementia and their caretakers, and knowledge about smart environments
and workflow technology (Baumeister & Leary, 1997). For smart environments the
focus was in discovering existing solutions and definitions involving a smart kitchen.
For the workflow technology, focus was on examining the current state of this
technology and finding studies where this technology has been applied in context that
could be of interest for this research. Second method was systematic literature review
that was used to determine functional requirements for the developed artifact.

3.4 Scenario-based method as an activity framework
According Rosson and Carroll (2001), scenarios have been widely adopted by software
development companies, as an assistive development method, in iterative development
and in prototyping. With use of scenarios the developers are able reach understanding of
the system before building a prototype for instance. This can be done by trying out ideas
to test their viability through scenarios. A scenario can be described as a story that is
composed of sequence of activities and actions that lead to a certain goal. The activities
are concrete steps but do not have to be described in detail. This leads to more
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flexibility in scenario design (Rosson & Carrol, 2001.) Scenarios enable validation of
requirements through animations and simulations that are based on drawn behavior of
the system derived from use-cases. In essence, results from carefully implemented
simulation of system usage can be generalized under similar conditions (Sutcliffe,
Maiden, Minocha & Manuel, 1998.)
The scenario-based framework depicted in figure 3 corresponds to that of DSR activity
framework (see Fig. 2). Analyze phase of scenario-based framework corresponds to
problem diagnosis in DSR framework. Design phase corresponds to technology design,
and prototype and evaluation phase to technology evaluation in DSR activity
framework. In prototype and evaluation phase, a scenario has been built and is a ready
simulation of a system in specified usage conditions (Rosson & Carrol, 2001). Multiple
scenarios can be used to improve the design similar to the iterative nature of DSR
activity framework.

Figure 3. Overview of the scenario-based framework. Adapted from Usability engineering:
scenario-based development of human-computer interaction (p. 25), by M.B. Rosson
and J.M Carroll, 2001, San Francisco, U.S.A: Morgan Kaufmann Publishers.
Copyright 2002 by Academic Press.

The scenarios for this research were written as use-cases for the system. A use-case
scenario would include the users (elderly people suffering from dementia and their
caretakers) of the system and the environment (smart kitchen and remote site) where the
system is being applied. The purpose of using scenario-based method in this study has
been to determine technical requirements through deducting technical features from
scenarios. Scenarios allow exploring the studied phenomenon from multiple
perspectives giving the ability to perceive several aspects of a problem simultaneously
(Rosson & Carrol, 2002).
The analysis concerning potential problem scenarios were formed by the researcher on
basis of prior research. The design phase included a more detailed story that detailed a
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particular use-case scenario in detail. Claims analysis was used to identify the key
features and usability issues as suggested by Rosson and Carroll (2001). In both DSR
framework and scenario-based framework the final activity is demonstration and
evaluation. In this study the scenario-based was used to make technical decisions based
scenarios and the technical decisions were tested in demonstration. Formative
evaluation was conducted to the participants of the demonstration.

3.5 Quality function deployment
QFD is originally a Japanese design and development method that has been widely
adopted worldwide. QFD methodology provides comprehensive and systematic
approach to ensure that customer‘s or end-user‘s voice is heard in product‘s design and
development phase. The benefits of using QFD according to Cristiano, Liker and White
(2001, p81), ―include 1) a reduced product development cycle, 2) a reduction of
problem/redesign ―spikes‖ during production start-up, 3) improved product quality, and
4) increased customer satisfaction.‖ (Cristiano, Liker & White, 2001.)
QFD uses four matrices also referred as houses. The first matrix is called a planning
matrix which is used to combine the voice of a customer (functional requirements) with
voice of engineer (technical requirements) in a way that they are comparable with each
other. Planning matrix is also called as House of Quality (HOQ) (Temponi, Yen & Tiao,
1999.) HOQ has been applied in this study as an assistive tool to validate initial design
for the artifact. Temponi, Yea & Tiao (1999) state that customer requirements are
usually determined by qualitative or quantitative methods such as focus group
interviews or questionnaires. Otto and Wood (2001) suggest including internal
stakeholders such as marketers, assemblers, manufacturers and distributors to capture
such functional requirements that a customer may not perceive at all. Figure 4 depicts
the template for HOQ.
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Figure 4. House of Quality matrix. Adapted from “House of quality: A fuzzy logic-based
requirements analysis” By C. Temponi, J. Yen and W.A. Tiao, 1999. European
Journal of Operational Research, p.343. Copyright 1999 by Elsevier.

In HOQ planning matrix the functional requirements are being numerically prioritized
according to their importance. In the figure 4 functional requirements are marked as
Customer Attributes and their priority assigned in numeric values from one (lowest) to
five (highest) in Importance. Technical Assessment contains a numeric evaluation from
one (easy) to ten (hard) concerning difficulty of building particular technical
requirement, as estimated by the researcher. Correlation Matrix in figure 4 refers to
physically related technical requirements. The levels of correlation consist of strong
positive correlation, positive correlation, negative correlation or strong negative
correlation (Temponi, Yen & Tiao, 1999.) Otto and Wood (2001, p.293) clarify this by
stating, ―Technical characteristics may be competing rather than complementing‖.
Target Values in figure 4 represent the unit of measurement and target value of the
measurement. Relationship Matrix in figure 4 represents level or relationship between
the functional and technical requirement by using numeric values one (weak), three
(moderate) and nine (strong). Customer Assessment in figure 4 represents the current
competitive products and how customers perceive them in terms of functional
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requirements (Temponi, Yen & Tiao,1999.) For this study the competitive analysis has
been rated by the researcher using values from one (not included) to five (completely
fulfilled) measuring how well the particular functionality has been fulfilled. The weights
are one of the main outputs of the HOQ. Formula 1 represents how the weight wj is
being calculated. di represents degree of importance for ith (i = 1,2,3,..n) functional
requirement and ri,j corresponds to the numeric value of relationship between ith
functional requirement and jth (j = 1,2,3,..n) technical requirement.

(1)

For this study the functional requirements were gathered by systematic literature review
on related research. Technical requirements for this study have been gathered using
scenario-based method combined with knowledge about existing technical solution. In
addition to figure 4, the HOQ for this study includes also relative weight (see Appendix
B) that is percentage representation of particular value compared to other weights.

3.6 Evaluation of the demonstration
The fifth and final activity before communication in DSR framework is evaluation of
the built artifact. The information gained through evaluation can be used to refine the
artifact further through another iteration of the research process (Hevner & Chaterjee,
2010). In this research the artifact is being assessed by a formative usability study.
According to Tullis and Albert (2008, p. 46), one of the key questions of formative
approach is ―What aspects of the product work well for the users? What do they find
frustrating?‖
Formative study is most appropriately used when the designed artifact is not yet
finalized (Tullis & Albert, 2008.) In this research the goal is to determine feasibility to
build an artifact. This does not require the artifact to be finalized for demonstration;
rather the demonstration occurs when the artifact has reached sufficient maturity. The
results gained from the formative usability study will be used to evaluate the artifact as
well lay out suggestions for future development.
Main goal of the usability tests for this study is problem discovery. Problem discovery
is commonly used to identify major usability issues concerning the designed artifact.
This is particularly suitable when there are no preconceived ideas about the potential
issues. The participants will be asked a set of questions at the conclusion of the study
about the tasks done in the test (Tullis & Albert, 2008.)
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4.

The design for SmartFlow system incorporating
workflow technology

This chapter describes in detail the process of acquiring functional and technical
requirements, and how they have been applied in the SmartFlow information system.
Furthermore this chapter will describe in detail the design in terms of architecture, users
and software implementation. This includes reasoning for chosen implementation and
potential issues that may arise.

4.1 Technical requirements
Scenario-based method was applied to gain better understanding of use-case scenarios
that allow extraction of technical requirements. Rosson and Carrol (2002, p. 1041) state
that ”Problem scenarios describe prototypical stakeholders engaged in meaningful
activities; the claims enumerate features of the current situation that are understood to
have important consequences — both positive and negative — for the scenario actors.‖
Three scenarios were designed by the researcher to simulate real life situations for use
of remote guidance to assist an elderly person suffering from dementia in smart kitchen
environment. The written scenarios are included in appendix A. Table 2 lists a summary
of positive and negative consequences (also referred as claims in Fig. 3) of choosing
different technical features.
Table 2.

Design features of scenarios presented in appendix A, each expanded to cover
possible positive and negative consequences.

Scenario A. Impact of scheduled assistance for caretakers
+ Allows defining different user rights for different users to increased privacy
+ Enables the caretaker to work and take care of key activities for senior citizen
- Restricts options for remote application. Has to be highly adaptable and lightweight
application
- Require permission from the employer to be able to handle activities during working hours

Scenario B. Informal caretaker covering for the daughter
+ Ability to easily adapt to special needs of the senior citizen
- Requires detailed workflow and up to date workflow models to be able to hold necessary
information

Scenario A. Remote caretaker receives a help request
+ Portability of design allows room for possible exceptions, improves the flexibility for
both caretaker and senior citizen.
- Requires more attention various usability issues such as managing UI for different
screen sizes and enabling use of the system around distractions.
- Requires workflow models to be highly customizable to accommodate various
processes

27
The smart kitchen environment was chosen as the place where events occur for the
senior citizen. Also all scenarios include accessing the system remotely. A scenario that
came up from interviews of caretakers in study by Powell, Gunn, Lowe, Sheehan,
Griffiths and Clarke (2010) was that not all elderly people suffering from dementia have
family members as caretakers, and privacy is something that needs to be taken in to
account. Safeguards were asked to put in place to prevent misuse of system (Powell,
Gunn, Lowe, Sheehan, Griffiths & Clarke, 2010). In scenarios A and B (see Appendix
A), privacy issues were added by having also a formal caretaker to have access to the
home of the senior citizen. Taking medication can be an activity that can be performed
in the smart kitchen environment. The reason was to impose strain on the ability to
customize workflow processes. Coffee making process was chosen as focal activity of
the scenarios. Scenario C was inspired by a scenario devised by Avilés-López,
Villanueva-Miranda, Garcia-Macias and Palafox-Maestre (2009), in which an informal
caretaker uses mobile phone to assist a senior citizen suffering from memory problems
in taking medication. In such scenario it is important to have visual connection in order
to see that the right medication is used for instance.
Scenario A (see Table 2) defines the need for user groups to manage different access
forms for various user types. Another technical requirement that arose from scenario A
is the need for lightweight design. Scenario B would imply a need for graphical user
interface to enable easy management of workflow models. As seen from planning
matrix in appendix B, there exists a strong positive correlation between XPDL
workflow modeling language and graphical user interface, and a strong negative
correlation between BPEL modeling language and graphical user interface. This would
favor XPDL as the choice for workflow language. Scenario C suggests a need for multibrowser support and support for handheld devices to improve the flexibility of usage.
Also low-bandwidth usage is potential requirement, as there might be different types of
internet connections available on places where the system can be accessed from.
Use of open source software is another technical detail that needs to be considered.
Raghunathan, Prasad, Mishra and Chang (2005) conclude that the quality of open
source software is similar to that of closed source software endeavor. Open source
software could result to reduced development effort, as other open source components
can be integrated to SmartFlow system. Open source also reduces the need for spending
resources to acquire commercial products thus making the solution more affordable for
the end-user. GPL (General Public License) allows different variations of SmartFlow
system being developed independently by other research groups that could potentially
yield to better technical solutions that could be merged back to improve the original
system (Bonaccorsi & Rossi, 2003.)
Recording workflows (see Appendix B) was suggested by a VESC project researcher
(P.Pulli, personal communication, October 22, 2012.) Alternative for recording
workflows could be to create a wizard program for workflow creation, but as seen on
appendix B, both options are rated as extremely difficult to achieve. This could a subject
for further research. Support for video and audio stream were defined as mandatory
requirements due to compatibility with previous smart kitchen research (Ikeida, Asghar,
Hyry, Pulli, Pitkänen & Kato, 2012).
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4.2 Functional requirements
Often voice of elderly people suffering from dementia is not taken in to account when
designing assistive technological devices (Topo, 2009). For this study the voice of
elderly people suffering from dementia and their caretakers are comparable to voice of
customer in accordance to the QFD method (Temponi, Yen & Tiao, 1999). Voice of
customer is being presented as set of functional requirements that were gathered through
systematic literary review.
Details of the literature survey are shown in table 3. The article column in table 3 shows
the articles that were selected as a source for functional requirements. Before analysis,
all articles that did not reach in top ten most relative articles in terms of search word
were excluded. Also articles that the researcher did not have access to full text were
excluded. In addition articles that were not published were excluded and articles that
were not written in English or Finnish were also excluded. Remaining articles were
subject to further analysis that consisted of reading through the abstract and excluding
articles that did not have sufficient materials and methodology to extract explicit
functional requirements from either caretakers or elderly people suffering from
dementia.
The literary survey was restricted to data bases that were known sources of information
technology research. The research by Nugent, Mulvenna, Moelaert, Bergvall-Kåreborn,
Meiland, Craig and Bengtsson (2007) contained same data source, as research by
Zhang, Hariz and Mokhtari (2008), and was for this reason excluded from table 3. The
data used in study by Hyry, Yamamoto and Pulli (2011) is based on Månsson, Hurnasti
and Topo (2008) data, and is excluded from table 3.
Table 3.

Details of literary survey for determining explicit functional requirements for assistive
technological devices from elderly people suffering from dementia and their
caretakers.

Data base

Search word

Articles

Google Scholar

―requirements‖ AND ―elderly
demented‖ OR ―dementia‖ AND
―assistive technology‖

Topo (2009)

Google Scholar

‖apuvälineet‖ AND ―dementia‖

Månsson, Hurnasti &
Topo (2008)

Google Scholar

―requirements‖ AND ―aid
devices‖ AND ―dementia‖ AND
―technology‖

Caprani, Greary & Porter
(2006)

IEEE Xplore

requirements‖ AND ―elderly
demented‖ OR ―dementia‖ AND
―assistive technology‖

IEEE Xplore

―requirements‖ AND ―aid
devices‖ AND ―dementia‖ AND
―technology‖

IEEE Xplore

‖apuvälineet‖ AND ―dementia‖

Zhang, Hariz & Mokhtari
(2008)
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Springer Link

requirements‖ AND ―elderly
demented‖ OR ―dementia‖ AND
―assistive technology‖

Nugent, Mulvenna,
Moelaert, BergvallKåreborn, Meiland, Craig,
D & Bengtsson (2007)

Springer Link

―requirements‖ AND ―aid
devices‖ AND ―dementia‖ AND
―technology‖

Springer Link

‖apuvälineet‖ AND ―dementia‖

ACM Digital Library

requirements‖ AND ―elderly
demented‖ OR ―dementia‖ AND
―assistive technology‖

Vogt, Luyten, Van der
Bergh, Coninx, & Meier,
(2012)

ACM Digital Library

―requirements‖ AND ―aid
devices‖ AND ―dementia‖ AND
―technology‖

Vogt, Luyten, Van der
Bergh, Coninx, & Meier,
(2012)

ACM Digital Library

―apuvälineet‖ AND ―dementia‖

Hyry, Yamamoto & Pulli
(2011)

Functional requirements based on symptoms of dementia have been disregarded at this
stage of the design. This is done because the effects from impaired cognitive and
physical functionality are restricted inside a physical kitchen environment and inside
workflow process models. This aspect of physical environment has been already
considered in prior research within VESC project (Hyry, Yamamoto & Pulli, 2011;
Pulli, Hyry, Pouke & Yamamoto, 2010; Ikeida, Asghar, Hyry, Pulli, Pitkänen & Kato,
2012). How to design workflow process models to take in consideration various
impairments is out of scope for this study, but it needs to be studied further in case it is
being applied in technological solutions for elderly people suffering from dementia. For
instance, future research should be conducted to determine, how many process steps are
needed to describe a task or how much information does one process step include. This
could vary greatly between different stages and types of dementia. The functional
requirements that were extracted from the articles found (see Table 3) in systematic
literature review are listed in table 4.
Table 4.

Functional requirements extracted from prior research.

Functional requirement
Ability to customize content
for each user

Source
Månsson,
Hurnasti &
Topo, 2008.

Method and materials
Focus group interview (29 people) on
senior citizen, caretaker and aid device
specialists. Thematic analysis of data.

Månsson,
Hurnasti &
Topo, 2008.

Focus group interview (29 people) on
senior citizen, caretaker and aid device
specialists. Thematic analysis of data.

Ability to stay in contact
between senior citizen,
caretaker
and
device
specialist continuously.
Ability to adapt to changing
nature of dementia
Sufficient verbal and
written instructions to
operate
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Reliability

Månsson,
Hurnasti &
Topo, 2008.

Focus group interview (29 people) on
senior citizen, caretaker and aid device
specialists. Thematic analysis of data.

Multimodal output/input

Caprani,
Greary &
Porter, 2006.

Quantitative questionnaire (100 people)
about attitude for technology and
memory aids for elderly people.

Low cost, affordable
Portable, easy to conceal,
avoid stigmatization
Easy to understand/learn
Represent time explicitly

Vogt, Luyten, Selective literary survey.
Van der
Bergh,
Coninx, &
Meier, 2012.

Foster personal identity
Highlight objects related to
task
Means to provide
communication support
with carer/family network

Zhang, Hariz
& Mokhtari
(2008)

Focus group interviews, 17 caretakers
and 17 elderly people suffering from
dementia.

way to contact others in
instances of emergency

From the 14 unique functional requirements (see Table 4) 10 requirements were
selected for the planning matrix (see Appendix B). Represent time explicitly and
Highlight objects related to task were discarded from planning matrix due to them being
too detailed requirements for general system level design. A way to contact others in
instances of emergency and means to provide communication support with carer/family
network were discarded as they cannot be directly satisfied by the designed information
system. Technical requirements for the planning matrix were gathered from a literature
review on existing workflow technology solutions and by researcher acting as voice of
engineer. The goal was to find all possible technical requirements options for matching
functional requirements. Researcher was also responsible of evaluating relationships,
correlation and technical assessment.
Competitive analysis has been done between SmartFlow system to be designed by this
study and Methex workflow management system. Methex software is built with similar
goals and techniques used in this study with an exception that Methex is targeted for
people that are not suffering from dementia (SmartProducts consortium, 2013.)

4.3 SmartFlow system architecture
Unified modeling language (UML) is industry standard modeling language that defines
semantics and notation for object structure and behavior. UML offers various diagrams
to model different types of objects and their behavior. Deployment diagram is a
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simplified representation of a physical architecture on which software will be deployed
to run (Douglass, 1999.) Figure 5 represents the researcher‘s design for overall smart
kitchen system incorporating workflow technology. The overall design is done
according to deductions from the planning matrix (see Appendix B). The smart kitchen
environment is based earlier implementation by Ikeda, Hyry, Pitkänen, Asghar, Pulli
and Kato (2011) with one exception. The exception is that the architecture plan
introduces a smart kitchen server to act as an interface between kitchen environment
and external applications.

Figure 5. Deployment diagram of the SmartFlow system.

The workflow server (see Fig. 5) is a Java server application which can be run under
Linux and Windows platforms, and in any other platform that supports Java run-time
environment. The server accepts HTTP connections on predefined ports (separate ports
for administrator and caretaker clients) and will maintain a full-duplex connection to a
smart kitchen server through TCP/IP socket. As a caretaker client will access the
workflow server from a remote location, the workflow server needs to have either static
IP address or name registered to a domain name system (DNS) server. Alternatively the
workflow server can be deployed in to a cloud service. Although deploying the
workflow server into a cloud can introduce unpredictable amount of latency between the
workflow server and a smart kitchen environment in addition to the latency between a
caretaker client and the workflow server. The reason for this unpredictability comes
from the uncertainty of the precise physical location of the resources within a cloud.
Wood, Shenoy, Ramakhrisnan and Van der Merwe (2011) presented a possibility for
live-migration of resources across continents without downtime for running
applications. This could manifest as a sudden increase in delay for workflow control
interface. Further research would be needed to gain better understanding on how
increased latency would affect usability of the system. Best way to reduce latency
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would be to minimize the delay between then workflow server and smart kitchen server,
as it is not plausible to control the location of caretaker.
The Workflow server consists of a repository to store workflow process files and a
workflow engine. The server handles all the incoming and outgoing connections, and
authentication of connected clients. The server allows creation user groups for
connecting clients and administrators. User groups can have different access rights to
lives of elderly people suffering from dementia. This would make it possible to have
multiple types of caretakers (nurses, a spouse, children, etc.). This would improve the
privacy of elderly people suffering from dementia, as per functional requirements (see
Table 3). The workflow engine component handles loading and executing the workflow
processes. The server accepts both HTTP and TCP connections.
Smart kitchen domain (see Fig. 5) consists of the smart kitchen server and the smart
kitchen environment. The smart kitchen environment consists of physical devices such
as cameras, sensors, projectors and possible other actuators which are connected into the
smart kitchen server application (Ikeda, Hyry, Pitkänen, Asghar, Pulli & Kato, 2011).
The server application has direct control over the devices through internal drivers. The
smart kitchen server‘s main component is the smart kitchen controller that handles
requests from the workflow engine and executes the commands on appropriate devices.
Also it can pass on trigger events from sensor devices. For ports named IN and OUT
(see Fig. 5) that are connecting the smart kitchen server application and the smart
environment, the interface definition is intentionally left open, as their implementation
is out of the scope for this study. The stream server component is included in figure 5
due to its relationship to the remote caretaker client. It provides video streams from
cameras observing the smart kitchen environment. The stream server should be able to
handle incoming audio streams as well, and direct incoming transmissions to loud
speakers and projectors in the smart kitchen environment, in case the caretaker needs to
give audio guidance.
The object data base holds information about the stationary and movable objects in the
smart kitchen environment. Smart kitchen controller is responsible for maintaining the
object data base. When a new workflow process model is being initiated the smart
kitchen controller passes all the necessary information regarding the objects being used
in the workflow process model, from the object data base to the workflow engine. If all
kitchen activities are done relying on workflow engine to run the processes, in theory,
the object data base will always be up-to-date with actual locations of objects in the
kitchen. Otherwise there would need for some sort of cleanup operations to be done
after a period of time in order to reset the objects to some default locations, and to
remove the inconsistencies in the object data base.
Caretaker client application connects to the workflow server by using either TCP or
HTTP connection, as this enables more options for client application development.
HTTP connection allows a browser based web application implementation for instance.
Advantage of such setup is that almost all devices have some sort of web browsing
support. Another advantage of a browser based application is that it does not necessarily
require any installation. The application has two independent components, workflow
controls and a stream client for audio and video streams. The workflow controls allow a
caretaker to control workflow processes. The client application will handle the
connection to stream server, but the connection details are provided by the server.
Administrator client is an application build for a purpose to design new workflow
processes or edit existing ones. The administrator client implementation can be as
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simple as a remote file manager type of application that would allow uploading new
workflow process models or downloading workflow process models to administrator‘s
client computer. The actual editing and creation of workflow process models can be
done with external workflow editors. Administrator client is also responsible of
maintaining the object data base in the smart kitchen server. Object editor (see Fig. 5) is
needed when new types of objects are added into the kitchen environment. For instance,
a toaster is brought to kitchen; therefore it needs to be added to the object data base so
that it can be used with workflow models.

4.4 Roles and users in SmartFlow system
Study by Månsson, Hurnasti and Topo (2008) concludes that there needs to be a contact
person who can guide a senior citizen suffering from dementia and a caretaker, in usage
of aid devices. One alternative is to have the administrator with technical training and
capabilities for aiding caretakers and elderly people suffering from dementia, as a
support person. An administrator can provide sufficient verbal and written instructions
for a caretaker and for an elderly person suffering from dementia, to operate the system,
and also the administrator can assist in problem situations. This scenario could be
reasonable solution when the system is taken into use as soon as the elderly person
suffering from dementia is diagnosed with pre-dementia symptoms, as suggested in
study by Månsson, Hurnasti and Topo (2008). In respect of workflow technology, this
could mean that the senior citizen suffering from dementia could create and store his or
her own processes, before the loss of cognitive skills reaches to a level where this
becomes impossible. In this kind of scenario, an administrator could be a specialist of
sorts, and verify that designed processes take in to account characteristics of particular
type of dementia. The workflow editor in this case should be designed to be as easy to
operate as possible. In the planning matrix (see Appendix B), creation of a workflow
‗wizard‘ type of software or ability to record workflows directly from kitchen
environment, were reviewed as potential options for this scenario. Both of which are
worthwhile subjects for future research, but out of scope for this study.
Alternatively the role of administrator could be to handle to input of new processes and
adapting them to individual requirements. This would reduce the burden of caretaker
and senior citizen suffering from dementia, but as a trade-off it would increase the
amount and diversity of skills required from an administrator. This type of centralized
option could give the demented people and his or her caretaker access to wider variety
of activities through a common centralized workflow database. Centralized deployment
option would lessen the need for physical hardware making it more affordable. An
Administrator in this case would not be a single person, rather an organization providing
the workflows as a service. The role of administrator in this research is to handle the
input and editing of workflow processes using external workflow software. This
decision is based on evaluation of the planning matrix (see Appendix B). Ultimately
different roles and their responsibilities are dependent of chosen business and
organizational models. Further research is needed in this respect before these aspects
can be applied in design of either SmartFlow information system or similar.
With assistance of use-case scenarios (see Appendix A) the SmartFlow system is
designed for both informal and formal caretakers such as family members or geriatric
assistants. In practice, this means that the need for technical skills is minimized to lessen
the burden for the caretakers. System supports user groups as stated previously,
allowing any combination of informal and formal caretakers. For instance this could be
beneficial in a situation where two or more siblings or other family members divide
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responsibility for care. The SmartFlow system can be activated in situations where an
elderly person suffering from dementia requires assistance, or at previously agreed time.
As seen from scenario C of appendix A, caretaker can be anywhere when an exceptional
situation occurs. This scenario has led for light-weight design to improve portability of
caretaker client software. This light-weight design could lower the threshold for some
people to take part in caretaking and improve the quality of life for caretakers, as
disruptions to their normal routines are reduced.
Requirements for administrators are not explicitly determined in this study. Priority has
been to take in to account the wishes of informal caretakers and senior citizen suffering
from memory impairment as suggested by Månsson, Hurnasti and Topo (2008).
Prerequisite for the designed system is that the elderly people suffering from dementia
are physically able to follow audio and visual instructions and to move around the
kitchen environment. These prerequisites are based on requirement that the system
needs to be developed for senior citizen suffering from mild to moderate level of
dementia (Ikeida, Asghar, Hyry, Pulli, Pitkänen & Kato, 2012).

4.5 Administrator client application for SmartFlow system
As stated earlier by Hollingsworth (1995, p. 6) workflow management system can be
defined as ―a system that completely defines, manages and executes ‗workflows‘
through the execution of software whose order of execution is driven by a computer
representation of the workflow logic.‖ In terms of physical components this could be
understood as combination of the administrator client and the workflow server of
SmartFlow system depicted in figure 5. The execution of workflows is done by the
workflow engine component of the workflow server. Defining and managing workflows
is handled by the administrator client which can be used to design new workflow
process models or edit existing ones, and store them in the workflow repository. From
software engineering perspective the workflow management system consist of
workflow editor software for creating, editing, loading and saving workflow process
models, workflow engine software for executing the process models and workflow
server software for controlling access rights, deploying client application and managing
connections between system components.
An externally developed workflow editor was chosen to be used in SmartFlow system.
This decision ensures that SmartFlow workflow engine is compatible with industry
standards and reduces the development effort. Table 5 shows a comparison made on
available workflow editors. XPDL modeling language was chosen as the standard to be
used due to its ability to graphically model workflow processes which are directly
machine executable. Workflow editors that did not support XPDL were excluded from
the comparison. Most comprehensive support for XPDL format was available in
Together Workflow Editor, Yaoquing Workflow Editor and Adobe LiveCycle. From
these three options, Together Workflow Editor and Yaoquing Workflow Editor were
selected for testing due to them being open source and having a non-commercial
license. Ultimately Together Workflow Editor was best suited for this study due to more
accurate compliance with XPDL symbols and format (Together Teamsolutions Co.,
Ltd., 2011). None of the software could support the latest 2.2 version (Workflow
Management Coalition, 2012).
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Table 5.

Comparison of workflow editor software supporting either XPDL or BPMN formats.
OS is an abbreviation from open source.

Software

XPDL BPMN

License

OS

Together Workflow Editor 4.6.1
Yaoquing XPDL Editor 2.1
Bonita open solution
Java Workflow Tooling (JWT) 1.1
Fujitsu Interstage
BOC Adonis:CE 2.0
Adobe LiveCycle

v 2.1
v 2.1
v 1.0
v 1.0
Yes
No
v 2.0

GPL
GPL
Commercial
EPL
Commercial
Freeware
Commercial

Yes
Yes
Partial
Yes
No
No
No

No
No
v 2.1
v 1.1
Yes
v 2.0
Yes

There are also opens source solutions available to accommodate a complete workflow
management system such as Open Business Engine (OBE) that supports XPDL format.
OBE only offers support for XPDL version 1.0 and can be installed on Linux and
Windows platforms. OBE offers wide variety of functionality, but trade-off is that it is
not a light-weight solution and would require considerable development effort to enable
OBE to support handheld devices (Price, 2013.)

4.6 Smart kitchen server design for SmartFlow system
The smart kitchen server works as an interface between the physical smart kitchen
environment and external applications connecting to it as shown in figure 5. At bare
minimum the smart kitchen server is composed of computer platform that has open
ports for accessing the devices such as projectors within the kitchen environment. With
this approach a workflow engine would control projectors directly by feeding
coordinate data for the location within a kitchen where the projector would need to
focus displayed aid image or a laser pointer for instance. This would mean that the
location information for kitchen objects would need to be embedded in to the workflow
process model. In practice this would have several implications. Firstly a process model
would need to be designed individually for each smart kitchen environment. Secondly it
would increase the amount of work and complexity of designing workflows. Thirdly, if
a location of an object changes, this change will have to be propagated to all existing
workflow process models where this object has been used. The SmartFlow system
offers an alternative solution by introducing a concept where the smart kitchen
environment is developed towards more context-aware design.
A fairly accurate definition of a context by Mihailidis and Fernie (2002, p.176) implies
that, ―context is typically the location, identity and state of people and groups, and
computational and physical objects‖ In the SmartFlow system design, contextawareness is restricted to awareness about objects within the smart kitchen environment.
In terms of system architecture the smart kitchen server (see Fig. 5) is responsible of
keeping the object data base up-to-date. This can be achieved by classifying the objects
into categories, collecting information from smart kitchen environment and by applying
workflow technology.
The objects of interest can be categorized in to stationary or movable objects. A
stationary object could be for instance an oven, a cutlery drawer or a refrigerator.
Stationary objects have a permanent fixed position and dimensions within the kitchen
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environment. Movable object could be for example a coffee pot, a pack of juice or
similar. By this categorization we limit the need to keep track of objects in to movable
objects alone. Movable objects can further be divided in to utensils and consumable
objects. Utensils are kitchen tools (a fork, a knife, a kettle, etc.) to be used in eating and
cooking for instance. Consumable objects (a coffee pack, an apple, spices, etc.) are
basically anything that needs to be refilled or can be used only once. Stationary objects
can contain movable objects. For example a refrigerator (stationary object) can contain
a pack of juice (consumable object) or a cutlery drawer (stationary object) can contain a
fork (utensil object). An object can also have a reference to another object. For instance,
a coffee pot is referenced to a coffee maker that implies it has a fixed position in
relation to the coffee maker.
An inventory of kitchen objects is being recorded to the smart kitchen object data base
when the smart kitchen environment is being built for the first time. Each related object
is categorized and their location set to the data base. Exact spatial coordinates are only
set for stationary objects. All other objects‘ locations can be defined in relation to
stationary objects. For example, a cutlery drawer has a fixed spatial coordinates set, but
if we want to find a fork in a kitchen, a data base search will reveal that forks are
located inside a cutlery drawer. In essence a fork inherits the spatial location from the
cutlery drawer. This simplifies the creation of workflow process models immensely, as
workflow process models only needs to contain the name or identifier of an object, and
smart kitchen server will translate that in to coordinates for the projectors to display aid
images for instance. Also this approach makes the workflow process models applicable
in multiple smart kitchen environments, as each kitchen is context-aware regarding to
locations of objects within that particular kitchen. As the projectors now display aid
images without need from caretaker to interfere, and as caretaker is also better aware of
the locations of objects, it is plausible to assume that it lessens the strain for caretaker
guiding the demented people remotely.
Gradually the object data base could become fragmented in a sense that objects in the
kitchen might be misplaced or lost. This should be taken in to account when designing
cleaning processes for instance, to make sure to return misplaced items to locations
where they originally belong. Also from time to time there might be need for a caretaker
to help with cleaning activities on site, and he or she could then reset kitchen objects to
default locations. Further research is needed to find the most balanced solution in
accordance of functional requirements set for aid devices (see Table 2).
Figure 6 shows a message sequence diagram depicting collaboration between the
components of the SmartFlow system (see Fig. 5). Sequence diagrams are part UML
standard and are particularly useful in testing object structures (Douglas, 1999). Figure
6 represent a specific use-case scenario of the SmartFlow system that starts from
caretaker client connecting to a workflow server and selecting a workflow process to be
run, and ends when first activity of the selected process model has been executed. Each
message contains a function to be called, a method of connection and a data type.
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Figure 6. Message sequence diagram depicting communication between the caretaker client
and the smart kitchen server.

XML offers simple and flexible text based format for information exchange across the
web (WC3, 2012). XML based format was chosen as data type implementation to
improve flexibility of design for the smart kitchen server application. Sample of
SmartFlow XML schema:
<StationaryObject Id="001" Name="cutlery drawer">
<Dimensions Width="35" Height="35" Depth="null"/>
<Location X=223 Y=45 Z=50/>
<ContainedObjects>
<Utensil Id="002" Name="fork" Quantity=”5”>
<Image Path=”/fork.jpg”/>
</Utensil>
<Utensil Id="003" Name="tea spoon" Quantity=”5”>
<Image Path=”/tea_spoon.jpg”/>
</Utensil>
</ContainedObjects>
</StationaryObject>

As seen from previous code sample <StationaryObject Id=”001” Name=”cutlery
drawer”> opens the object and </StationaryObject> closes the object, everything in
between is either an attribute of that object or contained by that object. Attributes such
as Id and Name are mandatory for all objects to make code more understandable for
programmer reading the code, and also each Id is unique. Unique Id helps to separate
objects if such need occurs. This type of XML notation provides a flexible and simple
way to present hierarchy between objects which is particularly useful quality for the
SmartFlow design due to relationships between various kitchen objects, as mentioned
earlier. Another advantage of XML based format is that it is fairly easy to parse the
XML message into a programming language object (WC3, 2012).
The SmartFlow workflow engine was constructed using Java programming language.
The choice for programming language was due to its being one of the most popular
programming languages and due to its compatibility for handheld devices (Tiobe
software BV, 2013). As seen from the message sequence diagram (see Fig. 6) the
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objects are requested from a smart kitchen server when a workflow process model is
being loaded into a workflow engine. Only objects related to current running workflow
process are being requested from a smart kitchen server. As seen on previous XML
code sample, the cutlery drawer object contains forks and tea spoons. If the workflow
process model involves a fork, then also the other cutlery drawer object will be retrieved
including the tea spoon and other objects contained by the cutlery drawer object. This
approach will reduce transfer times and memory consumption, as the loaded XML file
size is smaller in comparison to a case where all the kitchen objects would be loaded.
This approach can also lead to number of excess items being loaded as well. In order to
remove all excess items, complex parsing algorithms would need to be implemented
reducing maintainability of the code and increasing processing power requirements. The
chosen solution is suitable compromise, as the XML file size is unlikely to grow large
enough to cause transfer delays.
Abstract factory design pattern offers a way to reuse classes to create similar type of
objects on need basis. This simplifies class structure and code maintainability
specifically in this situation, as there potentially exists many variations of same object
family (utensils, consumables and stationary objects) (Tokuda & Batory, 1995.) By
using abstract factory pattern the contained objects can be loaded as set of textual
attributes, and object can be instantiated from that textual data on demand. This
approach is called lazy dynamic loading strategy. This can be combined with unloading
strategy to unload objects as soon as they are no longer needed (Corsaro, Schmidt,
Klefstad & O‘Ryan, 2002.) When unloading objects the new state of the object has to be
saved also. This means that when a coffee cup is not return to its original location after a
workflow has been completed, the new location is saved and sent back to the smart
kitchen server.

4.7 Workflow server implementation for SmartFlow system
Workflow server software (see Fig 5.) implementation was developed by the researcher
as a research artifact for this study. Planning matrix (see Appendix B) was used to
deduct the technological solutions for implementation. Caretaker‘s client browser
downloads the content of the client application from the workflow server when
connection is established. This approach does not require any separate installation,
making the software easier to operate, and also allows caretaker to connect from any
device with browser capability. This solution gives more freedom of movement to the
caretaker. The client application was designed as a workflow engine control interface.
The
source
code
of
the
implementation
can
be
found
from
https://github.com/tsarni/smartflow.

4.7.1 Structure of the workflow server
Figure 7 depicts the component structure of the workflow server software. Main (see
Fig. 7) component represents the Java main() method that is launched during start up.
Main component starts the HTTP server and Workflow Engine components that register
to Message Handler component to be able to send and receive messages. When
caretaker client connects to the workflow server, HTTP Server component verifies
caretaker user rights and allows appropriate access to Workflow Repository. For
instance, a geriatric assistant in scenario A (see Appendix A) could have access only to
specific set of workflow process models. Workflow Engine component loads the initial
screen with an option to choose a workflow process model to be executed. In case
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where a workflow process model is already being executed when caretaker client
connects, client will receive content based on current running activity. After a workflow
process model is chosen, Workflow Engine component directs XPDL Parser component
to initialize the selected process model from the Workflow Repository. The repository is
a physical location for storing files needed for workflow process models.

Figure 7. Component diagram representing the workflow server software.

The TCP/IP server and Authentication components were not implemented in the
prototype that was constructed for the pilot test in this study. In the prototype Main
component is responsible of starting XPDL Parser component. This is because there is
only one process model stored in the repository. The message sequence diagram
depicted in figure 6 uses TCP/IP server and Message Handler components to
communicate between the Smart Kitchen Server and the Workflow Server components
as shown in figure 7.

4.7.2 Embedding information in XPDL process model
Figure 8 shows a graphical representation of a sample XPDL process model. The XML
notation of the graphical representation is shown in appendix F. Figure 8 depicts a
simple process model containing four activities and four transitions. In the XPDL file
shown in appendix F all activities are embedded inside <xpdl:activities> tag and
trasitions inside <xpdl:transitions> tag. The green (start) and red (end) circles (see
Fig. 8) represent special types of activities that are used to mark where the process is
started
and
where
it
ends.
<xpdl:NodeGraphicsInfos>
and
<xpdl:ConnectorGraphicsInfos> tags contain details for drawing graphics for each
process model object. These details are not relevant for workflow server
implementation. There also exist many other types of XPDL process model objects that
can be used for modeling processes such as conditional transitions and decision nodes
for instance (Workflow Management Coalition, 2012).
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Figure 8. Graphic representation of XPDL process model.

As shown in appendix F, <xpdl:ExtendedAttributes> tag allows to attach attributes
(name-value pairs) for activities that can be passed on to workflow engine. Figure 9
shows how these extended attributes can be added using Together Workflow Editor
(Together Teamsolutions Co., Ltd., 2011). Camera ID, image of target utensil or object,
estimated duration in seconds and guidance video of current activity are being passed as
extended attributes for the workflow engine. Workflow engine uses this information to
create content for caretaker client and smart kitchen projectors.

Figure 9. Adding extended attributes using Together Workflow Editor.

Extended attributes are set for each activity individually. In Together Workflow Editor
this can be done easily by double-clicking an activity to bring up the dialog shown in
figure 9 (Together Teamsolutions Co., Ltd., 2011). XPDL Parser component (see Fig
7.) uses the Name field (see Fig. 9) to match an extended attribute with an appropriate
action to be taken. For instance, if a camera attribute is embedded in to an activity, also
the parser needs to have some implementation to look for the camera attribute, and also
have some usage implemented to process the attribute. This implies that there needs to
exist an agreement for determining what attributes are available for use in process
models.
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4.7.3 Parsing XPDL to programming language objects
XPDL Parser component (see Fig 7.) parses through the XDPL file (see Appendix F) by
iterating through XML tags. In below code sample all transitions within
<xpdl:Transitions> tags are being iterated and each transition stored in to workflow
engine.
for (Iterator<?> i6 = WF_MODEL.elementIterator("Transitions"); i6.hasNext();){
Element TRANSITIONS = (Element) i6.next();
for (Iterator<?> i7 = TRANSITIONS.elementIterator(); i7.hasNext();) {
TRANSITION = (Element) i7.next();
WorkflowEngine.getInstance().storeTransition(
TRANSITION.attributeValue("From"),
TRANSITION.attributeValue("To"))

Each transition has from and to values linking two activities or other process model
objects. WorkflowEngine.getInstance() allows a static access to workflow engine
instance. A hash map data structure in Java offers a convenient way to store and access
transitions. As seen in below code sample, all transitions are stored in one hash map.
Since the amount of transitions varies in each process model, hash map is more suitable
in comparison to an array where the size of the array needs to be predetermined.
HashMap<String,String> transitions = new HashMap<String,String>();
public void storeTransition(String from, String to) {
transitions.put(from, to);
}

Similarly to transitions, activities in XPDL file are being iterated through as well. The
difference is that an activity object is being created for each activity. In figure 7 these
activity objects are referred as dynamic object resources. The attribute value Id is same
value that is stored as either from or to value for transitions. In addition to id, name and
description values, as seen in below code sample, also extended attributes are being
stored in to an activity object.
Activity activity = new Activity();
activity.setId(ACTIVITY.attributeValue("Id"));
if (ACTIVITY.attributeValue("Name") != null){
activity.setName(ACTIVITY.attributeValue("Name"));}
if (ACTIVITY.element("Description") != null){
activity.setDescription(ACTIVITY.elementText("Description"));}

As stated earlier, activity objects need to have implementation for each extended
attribute.

4.7.4 Sequence for creating content for caretaker client
Main component (see Fig 7.) starts the HTTP server component that opens a socket for
receiving caretaker client connections under a separate thread. Figure 10 depicts a
message sequence diagram that represents how new content is being formed for each
activity separately.
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Figure 10. Message sequence diagram depicting how caretaker client is being formed.

Below code sample shows how an incoming query from caretaker client is being
handled. As seen, the method type and query contents are being extracted to individual
variables from the incoming query.
public void run() {
while(serverIsRunning) {
try {
String clientRequest = socketReader.readLine();
StringTokenizer tokenizer = new StringTokenizer(clientRequest);
String httpMethod = tokenizer.nextToken();
String httpQueryString = tokenizer.nextToken();

After the query method is being extracted the HTTP server acts accordingly. Below
code sample shows how HTTP server handles POST method query from caretaker
client. If caretaker presses button to proceed to next workflow activity from client
application, the HTTP server catches this action and sends a message to workflow
engine using the Message Handler component. This corresponds to
messageReceived(“Next”) in figure 10.
if (httpMethod.equals("POST")) {
String action = httpQueryString.replaceFirst("/", "");
if (action.equals("NEXT")) {
MessageHandler.getInstance().messageReceived("Next");}
}

The workflow engine in this case would look up the next activity by matching to and
from values using transitions hash map. After this the workflow engine will load
corresponding activity object and format new layout for caretaker client. The layout is
based on information embedded in the activity object, as extended attributes for
instance. Below code sample shows how client file is being formed by embedding
information contained by the activity object into HTML and JavaScript code. For each
step the caretaker client is being reformed. Step in below code sample refers to a
running number in process model that can be either an activity or other process model
object. For instance, currentStepId refers to the Id of the next activity. The Static
Application Resources (see Fig 7.) refers to readily made HTML and JavaScript blocks
that can be reused for building content.
.
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processStep = "(" + this.stepNumber + "/" + (this.activities.size() - 2) + ") ";
if (this.getActivity(this.currentStepId).getName() != null) {
client += this.processStep + this.getActivity(this.currentStepId).getName() +
"<br />";
}if (this.getActivity(this.currentStepId).getDescription() != null) {
client += "<table class=\"wrapper\">
<tr><td><table class=\"table_cell\">
<tr><td>" + this.getActivity(this.currentStepId).getDescription() +
"</td></tr><tr><td>";
}

After the content has been formed, the Workflow Engine component returns client file to
HTTP Server component using the Message Handler component, as seen in figure 10.
the HTTP Server will form HTTP response query according to protocol, and
encapsulate the client content within the response string. In the below code sample the
client content is formed in responseString. Resources.HTML_START,
this.buttonLayout and Resources.HTML_END refer to the Static Application
Resources (see Fig 7.). Due to static nature they can be accessed anywhere within the
software package. outputStream sends the HTTP query to connected client. This
corresponds to 1.3 in figure 10.
String contentTypeLine = "Content-Type: text/html" + "\r\n";
if (statusCode == 200) statusLine = "HTTP/1.1 200 OK" + "\r\n";
else statusLine = "HTTP/1.1 404 Not Found" + "\r\n";
responseString = Resources.HTML_START + responseString + this.buttonLayout +
Resources.HTML_END;
contentLengthLine = "Content-Length: " + responseString.length() + "\r\n";
outputStream.writeBytes(statusLine);
outputStream.writeBytes(serverdetails);
outputStream.writeBytes(contentTypeLine);
outputStream.writeBytes(contentLengthLine);

HTTP POST method used here sends the application content as a string, as oppose to
GET method where the information is send as a file.

4.7.5 Caretaker client
When caretaker client receives the HTTP response query it will load the contents of that
response with a web browser. Figure 11 shows a screen shot of the caretaker client
application after an activity has been loaded.
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Figure 11. User interface of the SmartFlow caretaker client.

There are three control functions available for the caretaker: go to previous workflow
activity, stop or start timer or go to next workflow activity. Timer allows the client to
run the workflow process automated on a caretaker client. Each activity in workflow
process model is embedded with a time value in seconds to reflect expected duration of
that particular activity. Caretaker can stop the timer or override it by clicking previous
or next buttons on user-interface. Since HTTP protocol does not support pushing of data
from server to client-side application, a polling method was implemented using Ajax
framework (Bozdag, Mesbah, & Van Deursen, 2007.) In practice this means that the
client request new data after the timer has reached zero. When new data is received the
timer continues unless it was paused or stopped by the caretaker. Rest of the content is
loaded based on information embedded in the running workflow process model.
Camera id and name of the camera fields in figure 11 are simulating the location in the
user interface where live video and audio stream from the smart kitchen environment
would be displayed. The implementation for video and audio stream was done by using
external software for this research. Guidance videos or images about current activity are
displayed by the projectors inside kitchen environment on to surfaces related to running
process. The same guidance videos or images are available for caretaker client also, as a
help for understanding processes, and also to be able to guide the elderly demented
person with same material, as is displayed by the projectors in the kitchen to avoid
misconceptions. The textual description can be played as audio clip in the smart kitchen
or read by caretaker using microphone when guiding elderly demented person remotely.
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5.

Demonstration and evaluation

A pilot study was conducted for the SmartFlow system depicted in figure 5. Goal for
pilot study was to assess practical implications of the designed system and to evaluate
its performance from a view point of a caretaker. The performance viewpoints consist of
discovering potential problems and evaluating the usability of the system. The practical
implications consist of discovering the effects of using remote location for assisting a
senior citizen. This chapter describes in detail how the tests were conducted and results
from the tests.

5.1 Goal of the pilot test
In study by Ikeda, Hyry, Pitkänen, Asghar, Pulli and Kato (2011) remote cooking
assistance for elderly people suffering from dementia was tested. The study used coffee
making as a sample process for cooking activities. The study had two test participants.
One participant was 85 year old male with moderate Alzheimer‘s and other participant
was 86 year old female suffering from vascular dementia. The study concluded that test
participants were able to coffee making process with aid of senior center staff (Ikeda,
Hyry, Pitkänen, Asghar, Pulli & Kato, 2011.)
In this research the focus is on caretaker and remote guidance assisted by workflow
technology. The researcher has devised the SmartFlow system design by following
functional requirements gathered from literature, as well as technical requirements
gathered from simulations of real life events through scenarios combined with review of
existing technical solutions. The pilot test focuses on determining the performance of
the system by providing as close as possible simulation of real life scenario using all
elements of the system. Researcher himself acts as an administrator who has constructed
a workflow model and uploaded it to a workflow server using software that is fully
compatible with prerequisites of the SmartFlow system. The researcher has constructed
a workflow server and a caretaker client by following the requirements with exception
that video stream and audio stream are being handled by external software, although
both pieces of software were running on monitors set side by side to emulate them being
a part of same software. The smart kitchen environment is constructed on to real kitchen
with real remote cameras, speakers and a microphone. Only exception for setup in prior
research was that the projectors used in study by Ikeda, Hyry, Pitkänen, Asghar, Pulli
and Kato (2011) were emulated with Post-it notes. The goal of the pilot test was to
determine feasibility of the designed SmartFlow information system and discover
potential problems for further development.
The pilot test conducted in this study corresponds to what is known as alpha testing in
software industry. According to Graham and Van Veenendaal (2008, p.45) alpha testing
is defined as follows, ―Simulated or actual operational testing by potential
users/customers or an independent test team at developers site, but outside development
organization.‖ In alpha testing, representatives of potential users or customers from
within the developer organization are invited to use the system while developers
observe and take notes (Graham & van Veenendaal, 2008.)
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5.2 Test scenario
Similarly to study by Ikeda, Hyry, Pitkänen, Asghar, Pulli and Kato (2011) a coffee
making process was selected as a test process for the study. Another master‘s thesis
student composed a preliminary set of steps for the coffee making process by extracting
them from the video filmed during tests conducted by Ikeda, Hyry, Pitkänen, Asghar,
Pulli and Kato (2011). The steps included short English description, images of utensils
and information about the cameras installed in the smart kitchen environment. The
coffee making process was later modified to fit the test kitchen context. The researcher
made a textual description in Finnish language concerning each step in the coffee
making process. Also ten video clips were shot by the researcher and the other master‘s
thesis student representing the ten first steps of the coffee making process. The other
master‘s thesis student supplied hand drawn guidance images for the remaining steps
(Y.Li, personal communication, January 21, 2013.)
Updated coffee making process including video clips, textual instructions, camera
information, utensil images were embedded into XPDL workflow model. The XPDL
graphical view is shown in figure 12. The green circle in figure 12 represents the start of
the process and red circle the end. Each activity in figure 12 is represented by a light
green rounded box and arrows represent transition between activities. Screenshot of the
SmartFlow caretaker client software running the process step 3 (put coffee pot lid on the
table) can be seen in figure 8.

Figure 12. Screenshot of the coffee making XPDL process model used in the pilot test.

The researcher and the other master‘s thesis student conducted a test simulation in the
kitchen to estimate duration for each activity. After the simulation some minor
corrections were made to the XPDL model, and durations of activities were added also.
The researcher used approximately nine hours (including revisions) to transform the
storyboard received from the other master‘s thesis student to the XPDL workflow
process model used in the pilot test.

5.3 Test environment and setup
Tests were done using facilities provided by University of Oulu. The tests were done
after office hours to minimize external distraction. The SmartFlow system consisted of a
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workflow server set to run on a windows based computer. Server loads the coffee
making process model on start-up and remains in a listening mode for connecting
caretaker clients. Researcher opens web browser on the same computer and connects to
the workflow server from where the browser loads the web application (see Fig. 7) for
controlling the workflow engine. Mozilla Firefox was chosen as a test browser due to it
being supported by multiple platforms and operating systems (The Mozilla Foundation,
2013). External camera software is used to monitor five cameras installed in the kitchen
space. The cameras stream live video from the kitchen to second monitor that was set up
besides the workflow engine control application. A microphone was connected to allow
the remote caretaker to guide through speakers the kitchen user in accomplishing the
tasks. Figure 13 shows the setup for the caretaker client. Tests were conducted using
two participants. Participant one was chosen to act as a caretaker and participant two to
act as a senior citizen. The choice for roles were made due to participant two not having
used the test kitchen before and participant one having professional experience in
evaluating usability and interaction design.

Figure 13. Pilot test set up for caretaker client.

Once the equipment is installed, the test participant was instructed about the
functionality of workflow engine control application and about the camera views. The
participant was not familiar with workflow engine control application and this test was
the first time she was using it. The second participant was directed to the kitchen and
was instructed to follow the guidance of the remote caretaker as precisely as possible.
She has not been in the test kitchen before and was not familiar with the utensils that
were required to be used in the coffee making process. Projectors were simulated by
attaching yellow Post-it notes to stationary objects such as cutlery drawer, dry goods

48
closet and dish cabin. The Post-it notes were written names of the utensils and
consumable objects that could be found inside particular stationary object.
There is no line of sight between the kitchen environment and the caretaker client
remote location. Neither is it possible for either participant to hear each other without
use of a microphone. One researcher observed the remote caretaker client and another
researcher filmed the coffee making process in the kitchen environment. The test was
conducted once. The smart kitchen environment is shown in figure 14.

Figure 14. Pilot test set up for smart kitchen environment.

The kitchen used in tests was fully equipped with items one could normally find in any
regular kitchen. Also kitchen table was not cleared of excess items as seen on figure 14.

5.4 Results
A test chart (see Appendix C) was constructed on basis of the 45 activities of the coffee
making process. The test chart was initially filled with name, textual instructions, visual
aid type, estimated duration and camera position of each activity. Remaining three
columns were filled during the test. Task fail column was marked with cross and the
row highlighted with yellow color, if there was any problem during execution of that
task. In Time used column the elapsed time to complete a task was measured. The time
measure was done by the SmartFlow system programmatically for the first 27 activities
and measured from the recorded video for remaining 28 activities. Comment column
shows a short problem description of activities that had problems during the test.
Participant acting as a caretaker was able to guide the participant acting the role of
elderly people suffering from dementia through the coffee making process successfully.

49
Time to complete the coffee making process was initially estimated to last 432 seconds,
and total of 573 seconds elapsed during the tests. The estimation was done by the
researcher and other student by simulating the coffee making process and recording
times for each step. Estimation was needed for the process duration timer (see Fig. 11).
If only successful activities are included, the average difference between estimation and
elapsed time per activity is 3.5 seconds (48% longer). Disregarding step 27, the average
difference between estimation and elapsed time for a failed activity is 8.1 seconds
(116% longer). From this we can deduce that task failures caused on average 131% (4.6
seconds) increase in time used for each task. Another metric compares average delay
per activity for successfully completed tasks between using caretaker client software for
remote guidance (activities 1-26 excluding failed tasks) and using paper for remote
guidance (activities 28-45 excluding failed tasks). Average delay was 3.4 seconds per
activity for the caretaker client software and 4.8 (41% longer) seconds for reading
instructions from paper sheet. The paper sheet that the participant acting as caretaker
used for reading was the test chart shown in appendix C.
Table 6 summarizes all task failed activities and the researcher‘s estimation on cause of
the problem, level of problem and action to be taken. Cause of the problem is
determined by the researcher based on observations during the test. Level of problem is
described in scale of minor, moderate and major depending on the impact it has on
usage of the system from user‘s perspective, estimated by the researcher. Major level
problems in this case can be understood as something that can prevent usage of the
system. Moderate level problem can cause errors during usage of the system. Minor
problem can cause difficulties but does not affect the usage of the system. Action
column on table 5 describes an estimation concerning the effort needed to prevent a task
failure to occur in the future, and nature of the action that needs to be taken.
Table 6.

Summary of failed tasks as observed by the researchers included with estimated
cause, level of problem and proposed action need to be taken.

Description

Move to sink

camera
monitoring
system not
responding
senior citizen
finished this step
simultaneously
with step 6
no voice
received from
kitchen side

Hardware problem:
Bandwidth/hardware
performance problem.

Major

Possible flaw in process
model.

Minor

Camera software not
properly configured

Moderate

Easy to repair, modify
configuration

senior citizen
finished this step
simultaneously
with step 18
no voice
received from
kitchen side

Possible flaw in process
model.

Minor

Easy to repair, modify
model

Camera software not
properly configured

Moderate

Easy to repair, modify
configuration

Remove the
coffee
pot away
from faucet
Return to the
coffee
maker and
put coffee
pot on the
table
put coffee
bag on table
Take coffee
spoon from
upper left
closet

Cause

Level of
problem

Activity

Action
Difficult to fix. Need
further testing to
pinpoint exact cause
of error.
Easy to repair, modify
model
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Wait for the
coffee
maker to
finish
Take a coffee
saucer
from second
upper
closet from
left
Pour coffee to
the cup

workflow
engine off

Software error in
workflow engine.

Major

Easy to repair, minor
software error.

Switch to read
instructions
from paper due
to workflow
engine off

User adapting to
situation

Minor

Difficult to repair
need to design a
backup.

coffee pot lid
dropped

User error or possible
flaw in process model

Minor

Easy to repair, modify
model

Put coffee pot
back to
coffee maker

senior citizen
finished this step
simultaneously
with step 36
no voice
received from
kitchen side

Possible flaw in process
model

Minor

Easy to repair, modify
model

Camera software not
properly configured

Moderate

Easy to repair, modify
configuration

camera
monitoring
system not
responding

Hardware problem:
Bandwidth/hardware
performance problem.

Major

Difficult to fix. Need
further testing to
pinpoint exact cause
of error.

Take sugar
container
Use tea spoon
to mix
coffee

In addition to the test chart, both test participants were given questionnaires after the
test was conducted. Questionnaires were used get an outside review of the system from
user‘s perspective. Goal was to find out usability issues that were not observed by
researchers. Since both participants were subject to different test conditions, individual
questionnaires were designed. Questionnaire for participant acting role of a senior
citizen is shown in appendix D and questionnaire for participant acting role of a
caretaker can be seen in appendix E. Table 7 shows usability issues extracted from
questionnaires. Type column shows whether the issue is perceived as negative or
positive, and severity of the issues on same scale as in table 6. Cause column describes
the part of the system that particular issue concerns. Action column presents appropriate
action needed to correct the issue or appropriate action needed to be able to generalize
the result.
Table 7.

Summary of extracted usability issues from caretaker and senior citizen
questionnaires.

Participant

Description

Type

Participant 1:
Senior citizen

Finnish instructing the
position of closets sounded
a bit unclear

Negative,
Minor

Workflow
model

Further tests needed with
senior citizen to verify
problem. Rephrase
accordingly.

Participant 1:
Senior citizen

Some problems hearing
the instructions because I
couldn’t hear the
instructions all the time

Negative,

Smart
kitchen
environment

Technical problem.
Replace/Modify hardware.

Participant 1:
Senior citizen

Cover of the coffee pot fell
into the table because I
didn’t know/remember that
I have to hold it

Negative,

Workflow
model

Technical problem. Modify
workflow model.

Moderate

Minor

Cause

Action
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Participant 1:
Senior citizen

The “notes” telling about
which item is in which
closet or drawer were
nice, it makes it easier to
find the necessary items

Positive,

Smart
kitchen
environment

Outside scope of this study.
No action needed.

Participant 2:
Caretaker

Introductions are clear,
enough short and easy to
understand.

Positive,

Workflow
model

More wide-spread testing on
caretakers needed to verify.
No action needed.

Participant 2:
Caretaker

Because in our test case;
remote person can’t hear
the test person’s voice

Negative,

Smart
kitchen
environment

Technical problem. Add
hardware.

Participant 2:
Caretaker

It was easy to use
assistance system

Positive,

Caretaker
client
software

More widespread testing on
caretakers needed to verify.
No action needed.

Participant 2:
Caretaker

It was quite challenging to
observe so many cameras

Negative,

Caretaker
client
software

Technical problem. Further
development of caretaker
client software.

Participant 2:
Caretaker

I forgot to look system’s
instruction concerning on
camera’s number

Negative,

Caretaker
client
software

Technical problem. Further
development of caretaker
client software.

Participant 2:
Caretaker

Generally steps are guided
in good words

Positive,

Workflow
model

More widespread testing on
caretakers needed to verify.
No action needed

Participant 2:
Caretaker

There is couple step where
was funny words

Negative,

Workflow

Minor

model

More widespread testing on
caretakers needed to verify.
No action needed.

Participant 2:
Caretaker

No delay perceived in
video stream

Positive,

Smart
kitchen
environment

Further testing needed on
real life scenarios to verify.
Technical issue.

Participant 2:
Caretaker

Cameras was zoomed so
well that I could see the
utensils that I need to see.

Positive,

Smart
kitchen
environment

Technical issue. Further
testing needed on different
kitchens. Design
rotation/zoom control
through workflow models.

Participant 2:
Caretaker

Cameras gave good field
of view over kitchen

Positive,

Smart
kitchen
environment

Technical issue. Further
testing needed on different
kitchens. Design
rotation/zoom control
through workflow models.

Minor

Moderate

Major

Moderate

Moderate

Minor

Moderate

Moderate

Major

Major

All the issues rated as major in table 7 are technical in nature that can be solved or
require further testing to validate the design. For instance the issues reported by
participant two about camera need to be tested in different environments before
generalization can be made. The issues involving workflow model need more detailed
research about how the information needs to be embedded in order to match the
requirements imposed by various disease characteristics. That is out of scope for this
research. Participant two reported some minor issues on workflow models, but nothing
that prevents the use of the system. Participant two reports that in the caretaker client
software it was challenging to watch multiple cameras and that she forgot to look
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camera number on user interface (see Fig. 7). In the design of the client software the
camera stream is embedded into the user interface so that the workflow engine will
determine which camera view will be shown according to the activity. For the pilot test
this part was simulated with two monitors and two different software products that
seemed to be the reason for discomfort in usage.
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6.

Discussion and implications

This chapter will answer the research questions set to be resolved by this study. This is
achieved by assessing knowledge obtained from the process of building the SmartFlow
information system, and from evaluation of the SmartFlow information system‘s
performance during the pilot test. In this assessment the constructed artifact and design
choices are being reflected in terms of industry standards and user requirements.

6.1 Evaluation on feasibility of remote caretaking for assisting
elderly people suffering from dementia in cooking activities from
information system perspective.
Focus of prior research concerning the smart kitchen concept in VESC project has been
concentrated in development of physical aid devices in smart kitchen environment. One
research problem has been to determine how beneficial such aid devices are for elderly
people suffering from dementia (Ikeda, Hyry, Pitkänen, Asghar, Pulli & Kato, 2011.)
This research expands remote caretaking concept by creating a design for an
information system that enables remote connections, and proposes a design for an
interface between physical a smart kitchen environment and informal or formal
caretakers.
People, organizations and technology constitute for the environment where the build
SmartFlow information system will be applied, and together they impose requirements
or business needs for the system (Hevner & Chaterjee, 2010.) Business needs in this
research have been determined by a systematic literature review. Goal of the systematic
literature review was to gather functional requirements from elderly people suffering
from dementia and their caretakers. The results of the literature review can be seen on
table 3. To determine technical requirements for the system, a set of scenarios were
designed to gain better understanding on what conditions the designed system would be
used (see Appendix A). Technical requirements were gathered through narrative
literature review on existing technical solutions available. All requirements were
analyzed using HOQ planning matrix (see Appendix B). The planning matrix assisted in
making choices between key technical solutions, by weighting the voice of engineer and
the voice of customer. Figure 5 represents architectural design for SmartFlow
information system.
After the initial architectural design was made it was time to implement the individual
components. Together Workflow Editor was chosen as implementation for the
administrator client (see Fig. 5) application. Researcher was responsible of building the
workflow server and its internal components, as well as the implementation for
caretaker client application with exception of the audio and video streaming that were
implemented using external software. The SmartFlow design also includes a unique
design for an XML-based communication language to enhance performance of the
system, and improve context-awareness. Finally the SmartFlow information system was
pilot tested in conditions similar to alpha testing procedure used by software industry.
Coffee making was selected as a test workflow process during the pilot test (see Fig
12.). Test results were recorded in test chart shown in appendix C.
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The test participants were able to complete the coffee making process using the system,
although there were several problems that occurred during the tests. Most of the
problems were categorized to cause only minor inconvenience to the user, but three of
the problems were categorized as major. Two out of the three major problems were
hardware related that would need further testing, or be replaced by more competent
hardware. One of the major problems was simple-to-fix software defect. Summary of all
problems can be seen in table 6. All occurred problems can be fixed.
All the problems recorded on test charts and summarized in table 6 were those observed
by the researchers conducting the test. Table 7 shows a summary of issues that were
extracted through formative usability study conducted to the participants of the pilot
test. Some of the issues in table 7 are technical in nature and therefore repairable. Same
observations were made by the researchers. Participants were able to perform the
objective of the test successfully, and some aspects concerning usability need further
testing in order to be validated. As
In terms of gathered requirements, pilot test and earlier research on smart kitchen
environment, it is plausible to conclude that the SmartFlow system for supporting
remote guidance of elderly people suffering from dementia is feasible to build in
software and hardware perspectives. This does not imply that the system is feasible to
build in all possible aspects, although it does not rule out that possibility either. This
research did not take into account possible business or organizational implications in
SmartFlow system design. Although the system was designed to be affordable to the
end-user according to functional requirements (see Table 6), this aspect was taken only
in to account in terms of costs of software licenses and hardware costs. Open source
software was favored over a commercial counterpart for instance.
The fact that the pilot test participant acting as a caretaker could operate the system with
minimal instructions and no prior experience in using the system, to guide another
person in the kitchen validates that the system functions as it intended. As stated earlier,
the ability of the elderly person suffering from dementia to hear, see and understand
instructions in the smart kitchen, is part of prior research (Ikeida, Asghar, Hyry, Pulli,
Pitkänen & Kato, 2012). As the system is designed and build strictly on basis of
gathered functional requirements, successful test result concluding that the system was
able to fulfill its intended functionality implies that the system does in fact enable
remote caretaking, and therefore for instance reduce stress for caretakers by providing
means to provision the caretaking efficiently between any combination of informal or
formal caretakers (Powel, Gunn, Lowe, Sheehan, Griffiths & Clarke, 2010). It is good
to bear in mind though that the system needs to be implemented to full extend and
applied in real life conditions with real users to verify its impact on quality of life for
elderly people suffering from dementia and their caretakers. But results gained in this
study implicate that this design is feasible to be achieved nevertheless.
The most significant implication in terms of organization structure and business model
is defining role of users of the SmartFlow system. In order to define roles, there needs to
be research done concerning possible options of deploying the system in terms of
business model. One option is to produce SmartFlow system as an individual aid device
where each deployed system is tailored to meet the needs of a particular senior citizen
and an arrangement of caretaking involved. This option would likely require further
development of the workflow editor to make it easier to create new workflow activities,
as all workflow models need to be inputted for each user separately. This option could
result to better customizability since senior citizen himself or herself could be
responsible for creating activities that he or she sees as important. As trade-off this
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would imply that the users would need to be introduced to use of the system early when
pre-demented symptoms are being diagnosed. Technical assistance could be off-site
and required on need basis.
Second option is to have the workflow server as centralized service. This option offers
instant access to wide variety of ready-made workflow processes, as all processes
created for different cases would be stored on a same server. The processes would need
to be modified to fit the individual environments and needs of the senior citizens
suffering from dementia. This option would likely not require as much effort on initial
installment, and could be viable option for cases where the system is adapted after
dementia has already progressed to mild or moderate stage. Also this option could suite
better in places where physical environments are more similar, like elderly care centers
for instance. There could be a dedicated support person hired on-site to supervise
technical issues.
Third option is similar to second option with exception that centralization is taken
further up on healthcare district level. In this option, all smart environments are
connected to a centralized workflow server center. Third option would perhaps resemble
a specialized organization to support remote assistance for elderly people suffering from
dementia and their caretakers.
Regardless of what the deployment option is, each deployment option imposes different
requirements for the system. Without further research to determine feasibility of
different business models and organization models, these requirements cannot be
introduced into the design process. Also roles of system users vary in different
deployment options. Each option imposes different responsibility for the administrator
role (see Fig. 5). If SmartFlow is used as individual aid device the administrator‘s
responsibilities could be combined with caretaker and senior citizen responsibilities to
some extent. Alternatively, if system is deployed in care center for elderly people
suffering from dementia, there are likely to be more of different types of caretakers
involved with usage of the system, both informal and formal.
It is quite possible that in few years‘ time new technologies will emerge improving
mobility in ways not seen before, and which could be incompatible with
implementations used in this research. Regardless of this possibility, the SmartFlow
design in terms of architecture and context-awareness could be implemented differently
as well. Also the process of how it was built following requirements gathered from
literature can be used as assistance for designing similar information systems.

6.2 Evaluate benefits and drawbacks of using workflow technology
to model and execute cooking activities for elderly people
suffering from dementia.
Ikeda, Hyry, Pitkänen, Asghar, Pulli and Kato (2011) conclude that it is not plausible to
reach full automation, and due to this conclusion the automation aspect was not
prioritized in SmartFlow system design. System architecture itself does allow
integration of automation in to the system due to use of workflow technology. In the
current design, workflow server and administrator client applications are autonomous
components (see Fig.1) where the caretaker client application only controls the
workflow by connecting to the workflow server (see Fig. 7). In case of full automation
the caretaker client could be replaced by a smart kitchen server triggering the workflow
controls on basis of internal events received from sensors within the environment. Care
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taker could act as an observer only and take over the control of an automated flow only
in exception situation for instance. SmartFlow design allows development and
integration of automation but is not designed nor depended of it.
Workflow technology also allows indirectly, through a designed model, control over
various physical devices. This enables making of edits and changes to models without
need for going physically in to the elderly peoples‘ homes to make changes in the smart
kitchen environment. Tradeoff is the growing need for attention to detail when
designing workflow models. This tradeoff was recognized by Hartmann, Ständer and
Uren (2011) in their smart kitchen research.
Workflow models are highly customizable. For instance, XPDL enables multiple
execution paths depending on environment or user. In addition, the concept of pools in
XPDL allows dividing tasks across different environments in a single workflow model
further increasing customizability (Workflow Management Coalition., 2012). In
practice workflow models can be potentially used to model other than cooking activities
such as taking medication as suggested by scenario C in appendix A. Separation of the
smart kitchen server and the workflow server from each other allows more servers of
different type to be attached to workflow server. For instance, a smart bathroom server
could be set to communicate with a workflow server. Same workflow server used for
smart kitchen environment could be used to execute activities in bathroom. High level
of customization is also particularly suitable for people suffering from dementia due to
changing nature of symptoms (Månsson, Hurnasti & Topo, 2008).
A drawback of high customization is that workflow models require considerable time to
be designed. In this research it took 9 hours from the researcher to create, estimate and
refine the process model for pilot testing. The differences in durations of process
activities recorded in the pilot test and estimated by the researcher indicate difficultness
of being able to predetermine durations for each step. This implies need for further
testing of process models either individually for each case, or by statistical means prior
to adaptation for usage. Also one aspect is that each individual likely wants to do things
differently. For instance, someone wants to drink coffee without milk and sugar, and
someone wants to drink it with both of them. Other aspect is the diverse range of
symptoms that dementia can manifests. For instance, prior research states that people
suffering from typical AD have problems concentrating on long instructions (Stopford,
Thompson, Neary, Richardson & Snowden, 2010). This aspect needs to be taken into
account also when designing the workflow models. This needs to be considered even, if
the system is not automated and the instructions are interpreted to the elderly people
suffering from dementia by a caretaker. This is because the caretaker might not have
skills needed to transcribe the instructions in a way that the particular type of dementia
requires. This also applies in case where the elderly person suffering from dementia has
recorded or created workflow models him or herself early when pre-dementia symptoms
have been diagnosed. He or she may not be able to anticipate level of degradation of
cognitive skills when dementia progresses for instance. The differences in durations of
processes recorded in the pilot test and estimated by the researcher indicate difficultness
of being able to predetermine durations for each step.
One option to help a caretaker and a person diagnosed with pre-dementia symptoms
could be to provide a written manual for creating workflow models. The manual would
include technical instructions for using the tools for creating workflows, as well as
instruction on how the models should be formed to meet the criteria imposed by variety
diseases that cause dementia. Another option is to have a support person assigned from
a health care center that could give guidance and instructions, although according to a
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Japanese study, formal caretakers are facing increased workloads due to growing
amount of patients and need to learn new skills. This causes many caretakers to leave
their jobs, and due to this care institutions are having difficulties in maintaining highlevel of care giving services (Sugihara, Fujinami, Phaal & Ikawa, 2012.) Third option is
to have workflows on centralized server and created by professionals. Perhaps all of the
options could be used depending on case.
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7.

Conclusions

This chapter summarizes the results of this research and defines contribution to the body
of knowledge. Research results and contributions are presented in chapter 7.1.
Limitations of the study and recommendation for further research are being discussed
also in chapter 7.2.

7.1 Research results and contributions
On software and hardware perspective, the designed SmartFlow information system to
support remote guidance of cooking activities for senior citizen diagnosed with mild to
moderate dementia is feasible to build. The results of pilot test of the system are
recorded in test chart in appendix C and problems and other issues summarized in table
6 and table 7. Workflow technology offers viable technical solution for storing,
designing and executing various workflow process models. There are several benefits of
using workflow technology such as ability to model real life activities graphically that
are also directly machine-readable. Also workflow models are highly customizable,
which is an important functional requirement for an aid device. Special skillset is
needed for designing workflow process models.
This research contributes to body of knowledge by providing a design for an
information system that enables remote guidance for elderly people suffering from
dementia diagnosed with mild to moderate level of dementia. The information system
defines the roles needed to maintain overall support network for demented people and
offers avenues for further research in terms of determining business and organizational
model to be adapted. This research combines existing technology such as workflow
technology in a new innovative way to provide ability to customize content to match the
changing nature of dementia, one of the most prominent characteristics. This research
expands the remote caretaking using smart kitchen environment developed in prior
research by providing design for infrastructure, and offers concept that can be pursued
with future research to determine their appliance in practice. The proposal for creating
context-aware workflow process models is a novel approach that is also a worthwhile
subject for further research.

7.2 Limitations of the study
This study determines feasibility of remote assistance of elderly people suffering from
dementia in a smart kitchen environment from software and hardware perspective. This
aspect alone is not enough to validate feasibility of the system in terms of business
model and organizational structure. Pilot test validates that the designed system works
as designed in regards to caretaker‘s ability to use it, but does not clarify whether it
would be accepted or how would it be otherwise perceived by the actual users. As stated
by the test participant acting as a caretaker, the system was able to produce sufficient
instructions on how to make coffee and sufficient level of tele-presence to perceive
what was happening in the kitchen. Even though participant acting as a caretaker might
be considered as good representation for real caretakers, efficiency of system cannot be
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determined until the tests are conducted using elderly people suffering from dementia in
the kitchen side and in non-ideal conditions.
Regardless of fact that design was made on basis functional requirement gathered from
actual potential users of the system. Further research is needed to determine appliance
of the system in practice. Scenario-based method could be utilized to greater extend to
validate the design thought testing in practical situation. The scenarios (see Appendix
A) that were designed in this research simulate potential real life situations through
imagination of the researcher. Although the scenario designs were made on basis of
literature they were not shown to caretakers or health care professionals for validation.

7.3 Recommendation for future research
In order to further develop concept of remote caretaking for senior citizen suffering
from dementia, there needs to be more research done to explore viable business and
organizational models. Such research needs to take in to account the structure of health
care system regarding senior citizen suffering from various forms of dementia.
Especially research is needed to further clarify key user roles in the system such as roles
of administrator and caretaker. This could result to better understanding of how
SmartFlow system could be deployed. Would it be an independent system designed for
one user, or perhaps centralized service including several users sharing resources such
as workflow process models and workflow experts?
Also technical side needs further research. Does XPDL workflow modeling language
offer all necessary tools to model more complex cooking activities? Also the concept of
SmartFlow system should be modified to cover other household activities of daily living
such as personal care, bathroom activities, taking medicine and doing housework
(Østbye, Tyas, Mcdowell & Koval 1997). Could the concept be expanded outside home
environment?
Further research could include field tests of the SmartFlow system in real life scenarios
involving informal and formal care takers and elderly people suffering from dementia,
for further validation of design. Also focus group interviews could be conducted to
health care professionals, geriatric specialists and information technology experts to
seek input on the SmartFlow information system design.
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Appendix A. Scenarios A, B and C involving an
elderly people suffering from dementia, and informal
and formal caretakers.
Scenario A. Impact of multiple caretakers
A senior citizen with moderate level of dementia has morning routines which she feels
that are important to her. Lately she has been having difficulties in conducting some of
her morning routines such as making coffee. The senior citizen lives alone at her home
and she has aid devices installed on her kitchen. Her daughter is an informal caretaker
of the senior citizen. The daughter helps the senior citizen on non-office hours and on
things more of personal nature. The senior citizen also has another formal caretaker
who is employed as a geriatric assistant. The role of the geriatric assistant is to guide
the senior citizen on taking medication, evaluating her condition and help with normal
daily routines. Both geriatric assistant and her daughter have access to installed aid
devices allowing both visual and audio connection. Geriatric assistant‘s access has
been restricted to deny access to aid devices outside office hours (4pm – 8am). Since
geriatric assist has a daily meeting in the morning, the daughter has scheduled to help
the senior citizen with morning activities at 8am. She is at work at that time and will
use any available computer at her work place to access the aid devices in order to help
with morning routines. Later in the evening she will help with evening routines from
home computer.
Scenario B. Formal caretaker covering for the daughter
At one morning the daughter of the senior citizen has fallen ill and contacts the
geriatric assistant on duty that day to ask him to guide her demented mother in her
morning routines. At 9am the geriatric assistant connects to the smart kitchen
environment to start assisting with the coffee making task. The geriatric assistant has
not been in the home of the senior citizen and is unfamiliar on how the senior citizen
wants to drink her coffee and where to find the items needed to make the coffee. The
geriatric assistant loads a personalized coffee making process form the workflow data
base and initiates the process. The coffee making process run by the workflow engine
gives all the necessary information to the geriatric assistant and he uses a microphone
to guide the senior citizen to complete the coffee making while making sure that she
succeeds.
Scenario C. Remote caretaker uses mobile device to assist
Senior citizen has to take morning medicine at 7.30 AM. Her daughter to help with the
activities. Her daughter is on her way to work at that time and receives a reminder to
her phone from the aid devices for aid request from her mother. She connects to the aid
devices at the home of the senior citizen to help with taking medication. Daughter puts
headphones with microphone on to avoid distractions. Also she has visual information
shown by the SmartFlow system on what the medication looks like and video stream to
cameras in the smart kitchen.
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Appendix B. Planning matrix for SmartFlow system
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Appendix C. Test Results
#
1
2
3
4

Activity

Activity instructions
(textual in Finnish)

Take the
coffee pot

Ota kahvipannu
kahvinkeittimestä
käteesi
Remove the Poista kahvipannun
pot lid
kansiluukku
Put the coffee Aseta kahvipannun
lid on
kansi pöydälle
the table
Move to sink Siirry vesihanan
luokse

Visual
Approx
Task Used
aid
Camera
time
fail
time
type
Video 5 sec
Kitchen
6 sec
table
Video

4 sec

Kitchen
table
Kitchen
table

Video

4 sev

Video

4 sec

Sink

Comment

9 sec
10 sec

5

Open faucet

Avaa vesihana

Video

8 sec

Sink

18 sec camera
monitoring
system not
responding
8 sec

6

Move coffee
pot
under the
faucet and
add one cup
of water
Remove the
coffee
pot away
from faucet

Aseta kahvipannu
vesihanan alle ja
laske siihen yksi
kuppi vettä

Video

9 sec

Sink

13 sec

Vedä kahvipannu
pois vesihanan alta

Video

4 sec

Sink

8

Close faucet

Sulje vesihana

Video

4 sec

Sink

9

Return to the
coffee
maker and
put coffee
pit on the
table
Open the
water
compartment
lid
Take the
coffee pot
Pour the
water to
water
compartment
Take the
coffee pot lid
Put the coffee
lid
back on
coffee pot
Put coffee
pot back
to coffee
maker

Palaa
Video
kahvinkeittimen luo
ja aseta
kahvipannu pöydälle

7 sec

Kitchen
table

Avaa
kahvinkeittimen
vesisäiliön kansi

Image

7 sec

Kitchen
table

10 sec

Ota kahvipannu
Image
pöydältä käteesi
Kaada kahvipannusta Image
vesi vesisäiliöön

4 sec

Kitchen
table
Kitchen
table

9 sec

Ota kahvipannun
kansi käteesi
Aseta kahvipannun
kansi takaisin
paikallensa

Image

6 sec

9 sec

Image

4 sec

Kitchen
table
Kitchen
table

Aseta kahvipannu
takaisin
kahvinkeittimeen

Image

7 sec

Kitchen
table

9 sec

7

10

11
12

13
14

15

15 sec

x

x

6 sec

senior citizen
finished this
step
simultaneousl
y with step 6

7 sec
x

32 sec no voice
recieved from
kitchen side

7 sec

9 sec
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16 Take coffee
filter
from upper
left closet
17 Put coffee
filter to
coffee filter
container
18 Take ground
coffee bag
from upper
left closet
19 Put coffee
bag on table

Ota yksi
Image
suodatinpaperi
vasemmanpuoleisest
a yläkaapista
Aseta suodatinpaperi Image
suodatinsäiliöön

10 sec

Upper
left
closet

10 sec

15 sec

Kitchen
table

14 sec

Ota kahvipussi
vasemmanpuoleisest
a
yläkaapista
Aseta kahvipussi
pöydälle

Image

9 sec

Upper
left
closet

7 sec

Image

4 sec

Kitchen
table

x

20 Take coffee
spoon from
upper left
closet
21 Use coffee
spoon to
put 2 full
spoon of
coffee into
coffee filter
container
22 Put coffee
spoon back
to upper left
closet
23 Close the
coffee bag
and take it
24 Put ground
coffee back
to upper left
closet
25 Close coffee
filter
container
26 Turn on the
coffee
maker
27 Wait for the
coffee
maker to
finish
28 Take a coffee
saucer
from second
upper
closet from
left
29 Place the
coffee saucer
on table

Ota kahvilusikka
vasemmanpuoleisest
a yläkaapista

Image

8 sec

Upper
left
closet

x

Mittaa kaksi täyttä
lusikallista kahvia
suodatinsäiliöön

Image

24 sec

Kitchen
table

42 sec

Ota kahvilusikka ja
Image
laita se takaisin
vasemmanpuoleiseen
yläkaappiin
Sulje kahvipaketti ja Image
ota se käteesi

8 sec

Upper
left
closet

13 sec

9 sec

Kitchen
table

15 sec

Aseta kahvipaketti
Image
takaisin
vasemmanpuoleiseen
yläkaappiin
Sulje suodatinsäiliön Image
kansi

7 sec

Upper
left
closet

14 sec

7 sec

Kitchen
table

9 sec

Laita virta päälle
kahvinkeittimeen

Image

4 sec

Kitchen
table

12 sec

Odata, että kahvi on
tippunut

Image

223 sec

Kitchen
table

x

72 sec workflow
engine off

Ota kahvilautanen
toinen vasemmalta
lukien olevasta
yläkaapista

Image

8 sec

2nd
upper
left
closet

x

Aseta kahvilautanen
pöydälle

Image

4 sec

Kitchen
table

21 sec Switch to read
instructions
from paper
due to
workflow
engine off
9 sec

7 sec

senior citizen
finished this
step
simultaneousl
y with step 18
12 sec no voice
recieved from
kitchen side
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30 Take coffee
cup from
second upper
closet
from left
31 Put coffee
cup on
saucer
32 Take tea
spoon from
second
drawer from
top
33 Put tea spoon
on
saucer
34 Turn off the
coffee
maker
35 Take the
coffee pot
36 Pour coffee
to the cup
37 Put coffee
pot back to
coffee maker

Ota kahvikuppi
toinen vasemmalta
lukien olevasta
yläkaapista

Image

11 sec

2nd
upper
left
closet

17 sec

Aseta kahvikuppi
kahvilautaselle

Image

5 sec

Kitchen
table

8 sec

Ota teelusikka
astiahyllystä, toinen
vetolaatikko
ylhäältäpäin lukien

Image

10 sec

Drawer

17 sec

Aseta teelusikka
lautaselle

Image

5 sec

Kitchen
table

8 sec

Katkaise virta
kahvinkeittimestä

Image

5 sec

Kitchen
table

8 sec

Ota kahvipannu
käteesi
Kaada kahvia
kahvikuppiin
Aseta kahvipannu
takaisin
kahvinkeittimeen

Image

4 sec

9 sec

Image

8 sec

Image

6 sec

Kitchen
table
Kitchen
table
Kitchen
table

38 Take sugar
container

Ota sokerikko
vasemman
puoleisesta
yläkaapista
Aseta sokerikko
pöydälle

Image

11 sec

Upper
left
closet

Image

7 sec

Kitchen
table

8 sec

Ota yksi sokeripala
sokerikosta

Image

5 sec

Kitchen
table

8 sec

Lisää yksi sokeripala
kahviin
Ota sokerikko
pöydältä käteesi
Laita sokerikko
takaisin
vasemmanpuoleiseen
yläkaappiin
Sekoita kahvi
teelusikalla

Image

4 sec

8 sec

Image

4 sec

Image

8 sec

Kitchen
table
Kitchen
table
Upper
left
closet

Image

10 sec

Kitchen
table

Iamge

5 sec

Kitchen
table

39 Put sugar
container on
table
40 Take a sugar
from
container
41 Add sugar to
coffee
42 Take sugar
from table
43 Put sugar
container
back to upper
left closet
44 Use tea
spoon to mix
coffee

45 Coffee is
Kahvi on valmista
ready, enjoy!

x
x

x

17 sec coffee pot lid
dropped
3 sec senior citizen
finished this
step
simultaneousl
y with step 36
12 sec no voice
received from
kitchen side

6 sec
14 sec

x

23 sec camera
monitoring
system not
responding
6 sec
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Appendix D. Questionnaire for the test person acting
the role of elderly people suffering from dementia
Senior citizen questionnaire form
This is a questionnaire for a pilot test study for a smart kitchen environment for senior citizen
implementing workflow technology. Aim of this pilot test is to verify whether the prototype
system is ready for field experiments and/or what needs to be improved. Test participants
identities will remain anonymous.
Date of the test:30/01/2013
Background information: 1st year Master‘s degree student at TOL.
Age: 25
Education: OAMK, tietojenkäsittelyn tradenomi (BBA, information sciences)
1. Were there any difficulties in understanding the caretaker‘s instruction (content of
instructions)? If yes, please specify what type of difficulties?
No major difficulties, but for me the position of the closets was a bit unclear (ota
kahvikuppi toinen vasemmalta olevasta kaapista (not sure if it was just like that)).
2. Was the sound quality clear enough to understand the instructions? If no, can you
describe the problem in detail?
The sound quality was clear, however, there were some problems hearing the
instructios because I couldn’t hear the instructions all the time (microphone problems
maybe?).
3. Did you experience any other problems during the test? Please specify
When pouring the coffee into the cup, the cover of the coffee pot fell into the table
because I didn’t know/remember that I have to hold it. Normally the cover has been
attached to the coffee pot so I’ve got used to not hold it and it wasn’t said on the
instructions that it should be hold.
4. Can you list some points that you feel would have positive impact on senior citizen
kitchen activities based on our smart kitchen environment?
I can imagine that the instuctions given to the senior citizen definitely have a positive
impact. I think that in addition to the instuctions about the closets and the drawers, the
“notes” telling about which item is in which closet or drawer were nice, it makes it
easier to find the necessary items, I’m not sure though if they were only used on this
testing session or if they will be actually used.
5. Is there any improvement you can suggest for smart kitchen?
I cannot really think much to improve... Maybe the closets and drawers could be
numbered or color coded to make the instruction easier, at least in finnish instructing
the position of them sounded a bit unclear.
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Appendix E. Questionnaire for the test person acting
the role of caretaker
Care taker questionnaire form
This is a questionnaire for a pilot test study for a smart kitchen environment for senior citizen
implementing workflow technology. Aim of this pilot test is to verify whether the prototype
system is ready for field experiments and/or what needs to be improved. Test participants
identities will remain anonymous.
Date of the test:_30_/1/2013
Background information: ??
Age: 50
Education: FM
Questions about the care take client (both left and right monitors):
1. Were the instructions given about the use of software clear enough to understand how to
operate the software? Feel free to add something.
Introductions are clear, enough short and easy to understand.
2. Did you experience any difficulties while using the software to instruct the senior
citizen? If yes, please specify.
It was easy to use assistance system. On the other hand voice connection is very
important when communicating with elderly. Because e.g. in our test case; remote
person can’t hear the test person’s voice.
3. Describe in your own words about your experience in using the software?
It was quite challenging to observe so many cameras. In the start of test event I
followed introductions of the system and followed the cameras that system asks me to
do. But later on I just look the cameras where I can see how test person followed my
instructions. I forgot to look system’s instruction concerning on camera’s number. .
Timing is also the critical point. That you give instruction in right time.

Questions about the coffee making process:
1. Were there any difficulties in understanding the coffee making step textual (Finnish)
instruction? If yes, please specify what type of difficulties.
Generally steps are guided in good words . There is couple step where was funny
words (if I remember right). Textual instructions are good to go through with some
elderly people. That why that the system “speak” same “language” than elderly. And
for demented elderly instructions should be short enough.
2. Was there delay in video stream while monitoring coffee making process? No.
3. If the answer of 2 is YES, can you describe how it influence your work?
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4. During the tests was there a time when you could not see the utensils (utensils = coffee
bag, coffee spoon, coffee cup, tea spoon, etc.)? Can you remember a specific utensil(s)
that was not captured by the cameras?
Cameras was zoomed so well that I could see the utensils that I need to see.
5. Did the cameras give good field of view over the kitchen? Please specify if something
was not visible.
Yes it gave.
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Appendix F. Sample XPDL file
<xpdl:WorkflowProcess AccessLevel="PUBLIC" Id="workflow1" Name="Coffee Making
Process">
<xpdl:ProcessHeader>
<xpdl:Created>2013-03-09 10:18:08</xpdl:Created>
</xpdl:ProcessHeader>
<xpdl:Activities>
<xpdl:Activity Id="activity_start">
<xpdl:Event>
<xpdl:StartEvent Trigger="None"/>
</xpdl:Event>
<xpdl:NodeGraphicsInfos>
<xpdl:NodeGraphicsInfo BorderColor="0,0,0"
FillColor="102,204,51" Height="31" IsVisible="true"
LaneId="newpkg1_pool1_lan1" ToolId="JaWE" Width="31">
<xpdl:Coordinates XCoordinate="75" YCoordinate="59"/>
</xpdl:NodeGraphicsInfo>
</xpdl:NodeGraphicsInfos>
</xpdl:Activity>
<xpdl:Activity Id="activity_1" Name="Take coffee pot">
<xpdl:Implementation>
<xpdl:No/>
</xpdl:Implementation>
<xpdl:Performers>
<xpdl:Performer>Senior Citizen</xpdl:Performer>
</xpdl:Performers>
<xpdl:ExtendedAttributes>
<xpdl:ExtendedAttribute Name="camera" Value="1"/>
<xpdl:ExtendedAttribute Name="utensil_image"
Value="/Media/Utensils/utensil_coffee_pot.jpg"/>
<xpdl:ExtendedAttribute Name="duration" Value="5"/>
<xpdl:ExtendedAttribute Name="activity_video"
Value="&lt;object width=&quot;480&quot;
height=&quot;360&quot;&#13; classid=&quot;clsid:d27cdb6eae6d-11cf-96b8-444553540000&quot;&#13;&#10;
codebase=&quot;http://fpdownload.macromedia.com/&#13;pub/sh
ockwave/cabs/flash/swflash.cab#version=8,0,0,0&quot;&gt;&#1
3;&#10; &#9;&lt;param name=&quot;SRC&quot;
value=&quot;/Media/Videos/1.swf&quot;&gt;&#13;&#10;
&#9;&lt;embed src=&quot;/Media/Videos/1.swf&quot;
width=&quot;480&quot; height=&quot;360&quot;
LOOP=&quot;false&quot;&gt;&#13;&#10;
&#9;&lt;/embed&gt;&#13;&#10; &lt;/object&gt;"/>
</xpdl:ExtendedAttributes>
<xpdl:NodeGraphicsInfos>
<xpdl:NodeGraphicsInfo BorderColor="0,0,0"
FillColor="187,247,190" Height="60" IsVisible="true"
LaneId="newpkg1_pool1_lan1" ToolId="JaWE" Width="90">
<xpdl:Coordinates XCoordinate="151" YCoordinate="48"/>
</xpdl:NodeGraphicsInfo>
</xpdl:NodeGraphicsInfos>
</xpdl:Activity>
<xpdl:Activity Id="activity_2" Name="Remove Coffee Pot Lid">
<xpdl:Implementation>
<xpdl:No/>
</xpdl:Implementation>
<xpdl:Performers>
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<xpdl:Performer>User</xpdl:Performer>
</xpdl:Performers>
<xpdl:NodeGraphicsInfos>
<xpdl:NodeGraphicsInfo BorderColor="0,0,0"
FillColor="187,247,190" Height="60" IsVisible="true"
LaneId="newpkg1_pool1_lan1" ToolId="JaWE" Width="90">
<xpdl:Coordinates XCoordinate="264" YCoordinate="48"/>
</xpdl:NodeGraphicsInfo>
</xpdl:NodeGraphicsInfos>
</xpdl:Activity>
<xpdl:Activity Id="activity_end">
<xpdl:Event>
<xpdl:EndEvent Result="None"/>
</xpdl:Event>
<xpdl:NodeGraphicsInfos>
<xpdl:NodeGraphicsInfo BorderColor="0,0,0"
FillColor="236,120,98" Height="31" IsVisible="true"
LaneId="newpkg1_pool1_lan1" ToolId="JaWE" Width="31">
<xpdl:Coordinates XCoordinate="397" YCoordinate="64"/>
</xpdl:NodeGraphicsInfo>
</xpdl:NodeGraphicsInfos>
</xpdl:Activity>
</xpdl:Activities>
<xpdl:Transitions>
<xpdl:Transition From="activity_start" Id="newpkg1_wp1_tra1"
To="activity_1">
<xpdl:ConnectorGraphicsInfos>
<xpdl:ConnectorGraphicsInfo FillColor="0,0,0"
IsVisible="true" Style="NO_ROUTING_SPLINE" ToolId="JaWE"/>
</xpdl:ConnectorGraphicsInfos>
</xpdl:Transition>
<xpdl:Transition From="activity_1" Id="newpkg1_wp1_tra2"
To="activity_2">
<xpdl:ConnectorGraphicsInfos>
<xpdl:ConnectorGraphicsInfo FillColor="0,0,0"
IsVisible="true" Style="NO_ROUTING_SPLINE" ToolId="JaWE"/>
</xpdl:ConnectorGraphicsInfos>
</xpdl:Transition>
<xpdl:Transition From="activity_2" Id="newpkg1_wp1_tra3"
To="activity_end">
<xpdl:ConnectorGraphicsInfos>
<xpdl:ConnectorGraphicsInfo FillColor="0,0,0"
IsVisible="true" Style="NO_ROUTING_SPLINE" ToolId="JaWE"/>
</xpdl:ConnectorGraphicsInfos>
</xpdl:Transition>
</xpdl:Transitions>
</xpdl:WorkflowProcess>

