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Abstract
The number of people with dementia is growing as people live longer. The old-age
dependency ratio is predicted to increase in Europe. Institualization of the seniors is an
undesirable solution in respect of quality of life and economics. Cooking is an important
part of independent living, and it could be supported with assistive technologies, such as
prompting systems to increase the independence of seniors. Because of the varying and
individualistic effects of dementia, different seniors require tailored assistance from the
prompting system.
This design science research is part of ASTS project that designs new technologies for
assisting seniors with dementia to remain independent. The aim of this thesis is to
develop a method that can be used to measure the level of difficulty in cooking tasks for
individual seniors when the aim is to find an optimal task-person combination.
This aim is accomplished by researching existing research to develop a test procedure.
The test can be used to model the actions of the focus group, the difficulty of the task and
the level of assistance required. The results are then used to create an individual action
model that can be used to compare differences between individuals and to optimize a
prompting system to assists seniors in cooking activities for the client.
According the requirements of the client, a simple oven porridge recipe was chosen for
the tests. Using existing theories the recipe was redesigned into workflow process model
with very specific steps on how to cook porridge. The process model was validated with
two pilot tests where a prompting system was imitated by verbal prompts.
The actual tests were conducted with two researchers and three participants in a kitchen
that was available for the participants. The tests were analyzed by adapting existing
studies and methods for evaluating cognitive impairment in daily tasks. The resulting
action models illustrate the workflow of senior with dementia and how to measure
difficulty in kitchen tasks. The method design process was evaluated with the client, and
the results of the study were compared to existing research.
The designed method for measuring difficulty in kitchen tasks has five steps. The first
step is to redesign a recipe into workflow process model that is built out of take, give,
move and alter actions. The second step is to design a test layout for the chosen task.
Alternatively, the process model and layout proposed in this study can be used.
The third step is to conduct the test by giving the participant different level prompts. In
the fourth step, errors that occurred are identified. The fifth step is to create the action
models by calculating probabilities of each error occurring.
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ambient assisted living, action model of senior, dementia
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Abbreviations
AAL

Ambient Assisted Living

ACS

Action Coding System

AD

Alzheimer's Disease

ASTS

Teleassistance for Seniors with Dementia - Novel Concept for Safety

COACH

Cognitive Orthosis for Assisting aCtivities

ICT

Information and Communication Technology

KTA

Kitchen Task Assessment

MDP

Markov Decision Process

MLAT

Multi-Level Action Test

MMSE

Mini-Mental State Examination

NAT

Naturalistic Action Test

SDAT

Senile Dementia of the Alzheimer's Type

UAS

Unattended Autonomous Surveillance
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1.

Introduction

The number of seniors suffering from dementia is increasing (Hoey et al., 2010). In
Finland the public service structure is under transformation; the government aims to
decrease institualization of seniors by advancing and supporting the opportunities for
living at home (Finlex.fi, 2015). It is important, for seniors to remain independent and
active as long as possible (Kleinberger, Becker, Ras, Holzinger & Müller 2007).
Technology could aid seniors to maintain their independence, activity level, and
cognitive skills.
Cooking is an important task in everyday living. Smart kitchens are one way of aiding
seniors with a mild to moderate dementia (Lade, Krishnan & Panchanathan, 2010).
Gaining precise and real-time instructions on how to cook would be valuable for seniors
with memory problems.
The symptoms of dementia have to be recognized and taken into account when giving
these directions. Presenting a normal recipe on how to prepare a meal may be insufficient
with seniors suffering from dementia. For example, locating and recognizing the right
objects, and then using them can be challenging. Dementia can also make it harder to
remember the steps and ingredients required for completing the task (Giovannetti, Libon,
Buxbaum & Schwartz 2002). Precise instructions could make finding and identifying the
necessary objects and keeping track of the required steps easier for seniors.
Because dementia affects people in a different ways, it is important to evaluate what are
the greatest challenges and problems that the individual faces and tailor solutions
accordingly (Baum & Edwards, 1993). Does the person have problems identifying
things? Should he or she collect all necessary objects first at the beginning of the task or
will a high number of visible items distract the senior?

1.1 Research motivation, problems, and methods
This thesis is part of ASTS (Teleassistance for Seniors with Dementia - Novel Concept
for Safety) project. ASTS project aims to develop novel technologies, for instance,
memory aids, to support seniors with mild to moderate dementia and increase their
independence. It is also connected to a doctoral dissertation by Tomi Sarni and a Master’s
thesis by Ville Pulli.
Sarni and Pulli (2015) proposed a novel framework for generating context-aware
workflow process models for cooking activities. The kitchen activities were split into
smaller tasks to create workflow process models that can be optimized with Markov
decision process (MDP). The decision marker in MDP was based on a generic action
model of a person suffering from mild to moderate dementia. The action model was
designed from the findings of Wherton’s and Monk’s (2010) study, and it includes the
probabilities of different errors occurring when performing kitchen tasks. The framework
and the project scope are presented in more detail in Chapter 4.
The research problems for this study are: How do seniors with mild to moderate dementia
cope with a recipe based cooking task? How can the level of difficulty in cooking tasks be
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estimated for individual seniors when the aim is to find an optimal task-person
combination?
The study uses design science research (Hevner & Chatterjee 2010). First, a literature
review is used to find out information about how memory works, what dementia is and
how it affects the memory. Secondly, how is it possible to support daily tasks with
technology and what kind of different solutions have been developed to aid the memory?
Existing theories and studies are searched for information about how dementia affects
everyday living tasks, and how the level of impairment can be measured in respect of
cooking. Based on this research, a method for creating an action model, which shows
probabilities of different types of errors occurring in cooking tasks, is developed as a
design science artifact (Hevner & Chatterjee 2010).
As a result, three action models that reflect the severity of problems the individual senior
has when completing kitchen tasks are produced. The action models can then be used in
the Sarni’s and Pulli’s (2015) framework with parsed recipes to tailor step-by-step
instructions to improve the chance of succeeding in kitchen tasks. The aim is to find the
optimal amount of assistance so that the task challenges the senior to remain active.
Sarni’s and Pulli’s (2015) general action model and the individual action models can be
compared to find out what kind of differences can be observed.
In the empirical part of this study, a simple recipe is chosen and divided into a sequence of
smaller tasks that is referred as a workflow process model. The process model is done
accordingly to existing research on dementia and how to measure cognitive impairment.
The tasks are created so that one task is built out of four basic actions; move, alter, take or
give. According Wherton and Monk (2010), the move action refers to when an object is
transferred from one place to other. The alter action means that the state of an object is
changed, for example, opening a cupboard. The take action refers to picking up an object,
and the give action occurs when the object is lowered down on the table (Wherton &
Monk, 2010).
The workflow process model will be used in tests with seniors suffering from dementia.
In the tests, the participants are given all necessary ingredients, devices and instructions
for cooking the porridge. The tests are recorded to analyze and score the tasks to measure
how difficult the four actions are. This method makes it possible to calculate the
probability of an error occurring. Is it possible to create an action model for a individual
and how does it differ from the generic action model Sarni’s and Pulli’s (2015) created by
gathering information from various different studies that aim to measure cognitive
impairment.
Background information is collected from the participants; mini-mental state
examination (MMSE) scores, ages and the genders. Other health problems are mentioned
if they are thought to affect cooking. This and lifestyle information about participants
everyday cooking helps to create a more precise picture of what kind of support the
individual needs, and how much dementia is responsible for the difficulties.
The action model of senior could then be used when tailoring process models for seniors
to offer them the support they need (Sarni & Pulli, 2015). How should the process of
cooking be presented for those suffering from dementia, so that they could manage it and
maintain as much independence as possible?

9

1.2 Structure of the study
The structure of the thesis is as follows. In the second chapter, the existing information
about relevant subject matters is presented. What are the components of human memory?
How dementia affects the memory and the life of the patient? What kinds of needs and
requirements seniors have for technology? What assistive technology solutions exist to
support seniors especially in kitchen tasks?
The third chapter introduces into theories for measuring cognitive impairment and its
effect on daily living tasks. The study by Sarni and Pulli (2015) that is the basis for the
produced individuals’ action models is also summarized in the third chapter. Chapter four
introduces the ASTS project scope and the design research method. In chapter five, the
design process is presented and validated. The choosing of the recipe and transforming it
to workflow process model is demonstrated. The design of prompting system, tests
layouts, and error category are also presented in this chapter.
In the sixth chapter, the three seniors with dementia who participated in the tests are
introduced, and general observations from their tests are provided. In the seventh chapter,
the gathered data is analyzed in detail, and individual action models are created. These
action models are later compared to the findings of Sarni and Pulli (2015) in chapter nine.
The evaluation of study is described in chapter eight. This chapter considers how well the
study corresponded to the clients requirements.
In chapter nine, the results are discussed in respect of existing research. In Chapter ten,
the results are summarized, and the conclusion is presented. The limitations of the study
and topics for further research are contemplated.
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2.

Prior Research

In this chapter, the human memory and its components are introduced. After that
dementia and its effects on cognition, everyday living and society are presented. The
needs of the seniors and what kinds of challenges are associated with seniors using
information and communication technology (ITC) are considered. After this, different
assistive technologies and solutions for seniors and people with dementia are presented.
Lastly, this chapter focuses on the different requirements and existing solutions that assist
seniors in kitchen tasks.

2.1 Memory
There are many different theories of how human memory is built and how it works.
According to one theory the human memory is built from two main parts, a working and
long-term memory. The working memory is for storing information for shorter periods.
Originally, the working memory was formed from three parts; the visuospatial sketchpad,
phonological loop and the central executive (Baddeley & Hitch, 1974). Later the episodic
buffer was added as a fourth part (Baddeley, 2000). Described model of human memory
(Figure 1) is used in this study to illustrate how dementia affects the memory in order to
understand what kinds of assistance seniors may require.
The episodic buffer is a limited storage that helps to create integrated episodes by binding
new information together. The central executive controls the information in the three
different memory storages. It manages the short-term information within the working
memory because of the limited capacity. (RepovŠ & Baddeley, 2006.)
The phonological loop is in charge of the phonological information. The visuospatial
sketchpad maintains and manages the visual and spatial information and consequently, it
is imperative for a large number of cognitive tasks. (RepovŠ & Baddeley, 2006) In the
double dissociation theory, visual and spatial information are two different components
in visuospatial sketchpad (Klauer & Zhao, 2004). Spatial relational information is
important when recognizing objects and scenes. For example, it is used when planning a
route with a map. (Ackerman & Courtney, 2012.)
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Figure 1. Working memory (Baddeley, 2000; Klauer & Zhao, 2004; RepovŠ & Baddeley, 2006 )

Information can also be stored for longer periods in the long-term memory. In other
words, the working memory stores accurately what you just read, while the long-term
memory can store the meaning behind the words and situations for years or even decades.
(Foster, 2011.)

Figure 2. Long-term memory (Foster, 2011)

The information and memories in the long-term memory can be categorized into explicit
and implicit memories. Explicit memories are memories that can be recalled on purpose.
Implicit memories stay hidden from the conscious mind but still affect the behavior and
thoughts. Explicit memories can further be divided into semantic and episodic memories.
Semantic memories are about the facts a person knows, for example that Helsinki is the
capital city of Finland. Episodic memories consist of events that have transpired, such as
remembering a trip to Helsinki. (Foster, 2011.) (Figure 2)

2.2 Dementia
Dementia is not just a single disease. Dementia is the general term for different
progressive organic brain diseases (Holmes, 2008). It is a clinical state, where cognitive
impairment causes a decline in independent daily functions. It can be rapidly or slowly
progressive and can cause different symptoms including loss of memory, language,
judgment, and complex motor skills. (Foster, Herring & Doron, 2014.)
World Health Organization (1992) included in their definition of dementia memorial
impairments and decline in other cognitive capabilities akin to planning and general
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processing of information. Additionally there may be a decline in emotional control and
motivation.
Alzheimer's disease (AD) starts to cause episodic memory impairment in its earliest
stages, and the symptoms grow as AD progresses. This impairment hinders the memory
encoding and retrieval from the long-term memory. (Aggarwal, 2005.)
There is also evidence, that AD also affects the central executive in its early stage and
spreads to affect other subsidiary systems in later stages. Phonological loop is not
impaired in the beginning, but as AD progress to mild to moderate stage it can be
affected. (Huntley & Howard, 2010.)
AD can also affect the episodic buffer. There is evidence that AD affects the capability to
organize information strategically (Huntley & Howard, 2010). Defects in integrating
information in a coherent and cohesive way are thought to be linked to the episodic buffer
(Germano & Kinsella, 2005; Germano, Kinsella, Storey, Ong & Ames, 2008).
Dementia is an increasing problem in today’s society. The ratio between those who
belong to the labor force and those who do not is increasing. This means that the number
of people who potentially need help and assistance are growing. The old-age dependency
number is predicted to increase in the European Union in the next decades, as people
grow older. More and more people are suffering from dementia. In 2050, it is expected
that there will be hundreds of millions of people with the AD worldwide. (Hoey et al.,
2010.) To increase the quality of life and to decrease the costs of institualization it is
important to search ways for seniors to be able live autonomously and at home
(Kleinberger et al., 2007).
Cognitive decline is a serious health problem when senior’s overall functioning and the
cost of care are considered (Morris, Lundell, Dishman & Needham, 2003). People with
dementia can often have problems with everyday tasks where multitasking is needed, for
example cooking (Wherton & Monk, 2009). The effects of the cognitive decline are
individual and can vary significantly. Furthermore, the degree of impairment can vary
according to time. Even with advanced dementia, there can be sporadic hours of greater
clarity. Technologies that aim to be of assistance in dementia care should consider this,
and remain flexible depending on the environment and the situation. Systems should
monitor the senior and adapt to the changes in individual's functioning. (Morris et al.,
2003.)
Different systems have been developed to assist people with dementia to help them to
remember information. However, often those with dementia have difficulties with
adapting to new technologies for various reasons; one of these being the challenge of
learning new ways to work. This does not mean that novel technologies are ineffectual in
dementia care. Implicit attentional clues can be used to help to remember and notice
different things. (Wherton & Monk, 2009.)
Being able to prepare food independently is beneficial for seniors with dementia.
Cooking is important activity from the viewpoint of health and self-esteem. Many errors
can occur in the process. (Wherton & Monk, 2010.)
Those with dementia can often substitute appropriate object with an object that is
unsuitable to the task. Instead of using a spoon, they use a fork or add oatmeal instead of
instant coffee powder. There can be sequence errors where the order of task is incorrect,
for example sipping coffee before it is ready. Sometimes, a senior may just pick
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something up unnecessarily and then lay it down. Omissions are common problems when
a person suffers from cognitive impairment. Senior just forgets to do the appropriate step,
for instance opening a milk carton before pouring milk. (Wherton & Monk, 2010.)
Omission and sequence errors are the most common errors with people suffering from
mild dementia. The presence of unnecessary objects in the workstation increases the
occurrences of omission and substitution errors. Repeating the same task multiple times is
also one of the problems that can transpire. It can also be hard to find hidden objects or
identify the required object. Using the different appliances can be challenging because
finding the right knobs and buttons can be difficult. (Wherton & Monk, 2010.)
The mini-mental state examination (MMSE) is used to measure the cognitive
impairment. It tests a multitude of different things including an orientation, registration,
recall, calculation and attention, naming, repetition, comprehension, reading, writing and
a drawing. In addition, the level of consciousness is tested according to a scale, which
varies from being in a coma to being fully alert. The perfect score is thirty (30) and the
mean score for those over sixty-five (65) years is twenty-seven (27). Scoring ten (10)
points or below indicates severe dementia, ten (10) to eighteen (18) points for moderate,
nineteen (19) to twenty-four (24) for mild dementia and anything over twenty-six (26)
indicates normal cognition. Dementia and other diseases that affect the cognitive
functions cause a lower score. However, other aspects such as the years of education can
also affect the score. (Cockrell & Folstein, 2002, s150.)
The MMSE has its limitations. It does not give the whole picture, and it should not be
used to measure competence or disability. It is not a complete examination of the mental
status or neuropsychologicality of the person. Still, it does help to shed light on the
cognitive situation of a senior. The score can be used for measuring the cognitive decline
only if the test is done repeatedly over the time. (Cockrell & Folstein, 2002, s153.)

2.3 Needs of Seniors
Seniors have different kinds of needs. There are primary needs such as hunger and
secondary needs such as different wishes on a personal level. It is important to remember
that there is no general profile for what seniors need; instead every individual has their
own kind of needs and environments. Technology could be used to fill some of these
needs and increase the quality of life. However, the relationship between the technology
and seniors should be taken into account. Elderly people are often afraid of using new
technologies as they are often unfamiliar with them. Adaptive and ambient design could
ease the adoption of new technologies, as the technologies would fit the needs of the
seniors and be non-distributive. (Fuchsberger, 2008.)
The population is aging fast and at the same time digitalized media is growing. Seniors
have been found to have problems with learning and using digitalized media (Nap & de
Greef, 2010). Cognitive impairments including dementia can make using computers a
struggle, even if a person has previous experience with different devices (Morris et al.,
2003). It is important that seniors can feel competent when they are using different
technologies. Self-efficacy, trusting that you can succeed in the task you are doing, can
play a part in the acceptance of new technologies. The level of self-efficacy affects what
tasks are often done and which ones are avoided. A failure in the task lowers the
confidence, and can cause stress and avoidance of the task in the future. Therefore, it is
important to design systems that seniors are comfortable with. (Nap & de Greef, 2010.)
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Different smart home systems can help seniors to live in their homes and enable the
support of doctors, caregivers or relatives. While these systems may give the seniors
independence, other needs must also be considered. Socializing and communicating with
other people is an important part of our lives, and it prevents the sense of isolation that
seniors might otherwise feel. (Birnholtz & Jones-Rounds, 2010.)
Smart homes often include different kinds of cameras and monitoring. This can seem to
be invasive and erode the sense of privacy. Especially as in home environments privacy
issues are critical and sensitive. (Neustaedter, Greenberg & Boyle, 2006.)

2.4 Assistive technologies
European commission’s Active Assisted Living programme (Aal-Europe.eu, 2015)
defines the ambient assisted living (AAL) technology as ICT that aims to increase the
time people are able life in their own homes. This is done by increasing the autonomy,
self-confidence and mobility of seniors. It can also support and promote health, enhance
the security and enable socializing and communication and to save resources. AAL
technology can also help the caregivers and families of elderly and for those who need
assistance for other health related reasons.
AAL solutions are promising and new technologies for autonomous aging in place by
helping people with cognitive decline and their caregivers (Aloulou et al., 2014;
Jaschinksi, 2014). Solutions include ICT and ubiquitous technologies that can monitor
and offer contextual computerized assistance (Aloulou, Mokhtari, Tiberghien, Biswas &
Yap, 2014). They aim to enable different kinds of people to live where they wish by using
ambient intelligence. AAL projects have often started with developing just a few
applications or devices and adding to them later. AAL projects can vary in terms of media
they use, target groups or in the extent. Some projects may focus on only a few service or
situations while others aim to create smart homes that have assistive technologies in every
room. (Fuchsberger, 2008.)
Ambient assisted living solutions can consist of many different support applications,
from emergency treatment and autonomy enhancements to comfort applications. Often
services are offered by heterogeneous devices in AAL environments. This means that
often there is a universal control device for different services. However, with varying
technologies and functions it is quite hard to make a controller that would be intuitive.
(Adam, Mukasa, Breiner & Trapp, 2008.)
In broader terms, ambient assisted living solutions help the seniors to sustain autonomy
and increase their quality of life. At the same time, they can decrease the costs of public
health systems. It is important that the solutions are ambient to increase their acceptance.
The technologies also have to be flexible, as they can be used in different situations and
environments (Kleinberger et al., 2007). Stand-alone ambient intelligent technologies
cannot provide a solution that covers all the bases for people who want to remain in their
own homes. Instead, various technologies must work together (van Hoof, Kort, Rutten &
Duijnstee, 2011).
AAL technologies can be more adaptive, anticipative and unobtrusive than many of the
commercial products that are available. However, it is not clear how well these
technologies would be accepted or adopted. Usability problems, self-efficacy and the lack
of perceived benefits could affect adoption of AAL negatively. (Jaschinski, 2014.)
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Assistive technologies have been applied to dementia care. This is not easy because the
requirements are heavily dependent on the context the caregivers, devices and the patients
themselves. The assistive technologies must be flexible and consider personal histories
and situations. (Sugihara, Fujinami & Miura, 2012.)
Assistive technologies can be categorized into five groups; screening, memory aids,
monitoring health and safety, information sharing and telecare and communication
support and therapy. Screening helps to recognize the symptoms of cognitive problems in
large. Memory aids help people with mild to moderate dementia to remember important
everyday things, for instance, dates or times to take medicines. They are useful in wide
variety of situations and places and can be used to help with decision-making and
planning. (Sugihara et al., 2012.)
Technologies for monitoring health and safety assist in locating wandering or lost people
and identifying risk situations. Information sharing can be used to share information
between the caregivers with the help of websites, and the telecare improves the quality of
care from remote locations. (Sugihara et al., 2012-)
AAL technologies can also be used to increase safety and sense of security in the homes.
Unattended Autonomous Surveillance (UAS) system’s prototype was used among 18
seniors. UAS-system offered a multitude of different services: mobility monitoring, voice
response, fire detection and detection and prevention of wandering. The UAS-system
aims to increase the sense of safety for the users and their caregivers using unobtrusive
monitoring. The UAS-system monitors how many people are in the residence and where
they are situated. It also sends an alarm to caregivers if the senior seems to be abnormally
inactive and does not respond to checks the system sends to him or her. The system also
monitors when the resident leaves the apartment and sends an alarm when it seems that
the senior may be wandering. (Van Hoof et al., 2011.)
Some of the seniors also had additional systems that linked to UAS-system. Some of
them had for example cameras that would activate when an alarm was sent
(SCOTTY-system) so that healthcare professional could assess the situation trough them
or emergency buttons in the form of pendants or wristbands. In some cases, the SCOTTY
was seen as unnecessary and annoying. The lights and sounds produced by it were
upsetting, and some participants wanted them to be removed from their homes. (Van
Hoof et al., 2011.)

2.5 Supporting kitchen tasks with assistive technologies
Intelligent homes or smart homes are AAL environments that can offer sensors to follow
the actions of seniors and provide assistance in the form of prompts. Auditory, pictorial,
video and light prompts can give suggestions and reminders that aid in completing tasks.
Depending on different memory impairments, some prompts may be more useful than
others (Van Tassel, Bouchard, Bouchard, Bouzouane &, 2011). Some seniors can have
problems with semantic memory. Semantic memories are general facts you know, such as
that Helsinki is the capital city of Finland (Foster, 2011). Prompting these seniors to find
a jar may be unproductive as they may not remember or recognize what a jar is
(Bouchard, Bouchard, Bouzouane, Lapointe & Potvin, 2012).
Activities that are done in the kitchen are complex and can require multiple steps.
Numerous tasks must be completed in a certain order to prepare a meal. This does not
mean that there is only one possible order of steps; instead, there can be a multitude of
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different sequences depending on the context. When creating a prompting system for
those suffering from dementia, the system has to predict what the user could do in the
future before the user starts the task. (Lade et al., 2010.)
One example of AAL technology is the Cognitive Orthosis for Assisting aCtivities in the
Home, or COACH. It is a system that guides how to wash hands. COACH uses four
different systems. It tracks user's hands and towel, monitors the states of hand washing,
and gives prompts when necessary. It also uses the Markov decision process policy, an AI
technique, in decision-making system. When washing hands, six hand-washing steps
were required. However, many different step paths could be taken when washing hands.
These all have to be considered to make an efficient prompting system. When tested on a
senior with severe Alzheimer's disease, the COACH was able to give appropriate
prompts. However, the participant responded positively only to 6 percent of the prompts
and ignored most of them. (Mihailidis, Boger, Canido & Hoey, 2007.)
Oliver, Xu, Monk and Hoey (2009) made a high fidelity prototype of an ambient kitchen
in a lab environment for the purpose of designing and testing ambient environments for
everyday tasks. The ambient kitchen included for example data projectors, cameras,
RFID readers and tags, an object mounted accelerometers and under-floor pressure
sensing. According to the authors, technologies that would assist seniors with dementia to
complete even the simplest of recipes require advanced technologies. Detecting what
seniors are doing or aim to do and creating prompts that fit the situation demand highly
developed systems. Keeping track of what a user is doing, has done, might be doing and
should be doing, create complex situations with many different paths to follow. The
ambient kitchen was made to develop these kinds of technologies.

2.6 Summary
Dementia is a clinical state, which causes cognitive impairment that can be apparent in
different symptoms including loss of memory, language, judgment and complex motor
skills (Foster, Herring & Doron, 2014). It can cause problems with multitasking (Wherton
& Monk, 2009), integrating information in a coherent way (Germano & Kinsella, 2005;
Germano et al., 2008), recognizing objects and other erroneous behavior (Bouchard et al.,
2012). This causes a decline in seniors’ independent daily functions and makes tasks such
as cooking more difficult (Wherton & Monk, 2009).
Cooking is an important part of independent living and improves a person’s health and
self-esteem (Wherton & Monk, 2010). This study is part of a project, which aims to
design prompting system to support seniors in a kitchen. Providing short and precise
directions with a prompting system could reduce the number of errors made.
The everyday living can be supported with different AAL technologies (Aloulou et al.,
2014; Jaschinksi, 2014) for example prompting systems. They can remind seniors when
to take their medicines (Sugihara et al., 2012) or help them trough different task such as
washing hands (Mihailidis et al., 2007). AAL solutions have to be flexible to be useful in
real life situations and environments (Kleinberger et al., 2007; Sugihara et al., 2012).
Symptoms and the severity of dementia can vary greatly between individuals. Individuals
themselves may have different symptoms as dementia progresses (Morris et al., 2003).
Every individual with dementia also has his or her own kind of problems when cooking
and performing everyday tasks in general. One may have problems with identifying
objects and other with confusing the order of steps. Instructions used in an AAL
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prompting system should reflect the clinical state of the user. Senior should get necessary
assistance to complete the task while being challenged enough to retain their cognitive
competence at the current level.
MMSE scores give insight on how severe dementia the individual has. MMSE score does
not tell everything about the cognitive state of the subject, but it can be used to follow
how the cognitive decline advances (Cockrell & Folstein, 2002, s150-153). In this study,
MMSE scores are used to identify participants’ level of dementia.
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3.

Cognitive Impairment Assessment

In this chapter, different methods for assessing and measuring how the cognitive
impairment affects different independent daily functions are presented. Kitchen Task
Assessment is a method for evaluating the level of cognitive support needed in kitchen
tasks (Baum & Edwards, 1993). Multi-Level Action Test (MLAT) is a standardized test
for action disorders (Schwartz et al., 1998A). Naturalistic Action Test (NAT) is a
simplified version of is predecessor MLAT, that is used widely in research and in clinical
assessments to measure naturalistic action impairment with people suffering from
dementia. (Schwartz, Buxbaum, Veramonti, Ferraro & Segal, 2001). Action Coding
System is a semi-formal transcription method for observing action disorders in everyday
tasks (Schwartz, Reed, Montogomery, Palmer & Mayer, 1991; Wherton, 2008).

3.1

Kitchen Task Assessment

Baum and Edwards (1993) evaluated the validity and internal consistency of the Kitchen
Task Assessment (KTA) that was created in 1983 to measure the level of cognitive
support that a person with Senile Dementia of the Alzheimer’s type (SDAT). KTA
requires the participant to complete a cooking task. KTA is a performance-based
assessment that can be used to observe changes in performance over time. The aim of the
KTA was to help caregivers to understand, how much support is needed to perform daily
living tasks. To give the best assistance possible it is important to know the strengths and
weaknesses of the person. By knowing these, it can be possible to cover the weaknesses
with the strengths.
The assessment can be done in the person’s home or a clinic. In the test, the person with
SDAT is asked to cook a pudding from a commercial package. The KTA evaluates the
level of cognitive support needed by scoring the performance by examining six different
components. These components are; initiation of task, organization, performance of all
steps, sequencing, judgment and safety and completion. (Baum & Edwards, 1993.)
In the initiation component, the ability to begin the task is scored. The organization
component refers to the ability to gather all necessary items. In the performance
component of all steps, the person’s ability to perform all steps needed for the task are
evaluated, and the sequencing component considers if the person can complete the steps
in the right order. The judgment and safety component score how safely the person does
the task. Lastly, the completion component measures if the person becomes aware of the
completion of the task. (Baum & Edwards, 1993.)
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Table 1.

KTA scoring system (Baum & Edwards, 1993)

The level of support required
Person was independently competent
Person required a verbal cue
Person required physical assistance
Person was totally incapable

Points
0
1
2
3

The level of support required for each component is scored from zero to 3 points, where 0
points means that the person was independently competent, 1 point means that the
participant required a verbal cue, 2 points means that physical assistance was required,
and 3 points means that the person was totally incapable of completing the task (Table 1).
Baum and Edwards (1993) found that the KTA was a valid and reliable way to measure
how performance changes over time. KTA is also a helpful tool to estimate out how much
assistance the person with SDAT would need.

3.2 Multi-Level Action Test
Multi-Level Action Test (MLAT) is a standardized test for action disorders. There are
three tasks in MLAT: making a slice of toast, wrapping a present and packing a lunchbox.
These tasks are completed in four different situations: Solo-Basic (all materials needed
are provided), Solo-Distracters (additional materials, which are similar to those that are
needed, are also provided), Dual-Basic (subject is given another specified task on top of
the primary task), and Dual-Search (some of the materials are placed with irrelevant items
into a closed drawer). (Schwartz et al., 1998A.)
MLAT uses nine different error types to (Schwartz et al., 1998A):










Omission, forgetting to do some steps
Sequence error, confusing the order of steps
Object substitution, substituting one object with another
Action addition, performing actions that are not a part of the task
Gesture substitution, using the right object with a wrong gesture
Spatial misorientation, for example, grasping the wrong end of a knife
Spatial misestimation, incorrectly estimating spatial relation between objects
Tool omission, forgetting to use a tool
Quality errors

Other studies have observed other errors concerning stroke patients. Place substitution,
instrumental substitutions, faulty execution, independent acts, and toying were among the
identified errors. (Schwartz et al., 1991, 1995.)
There have been different studies with people suffering from cognitive impairment after a
head injury (Schwartz et al., 1998B) or a stroke (Schwartz et al., 1998A) or because of
dementia (Giovannetti et al., 2002). In these studies, omission and sequence errors were
observed to be the most common ones. When distracter objects were present, all studies
showed increased number of omission errors. In the case of dementia, the number of
substitution errors also grew. (Wherton, 2008.)
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3.3

Naturalistic Action Test

The Naturalistic Action Test (NAT) is a performance-based, standardized test, which can
be used for those suffering from dementia to measure naturalistic action impairment, plan
treatment goals or measure baselines for performance. According to Schwartz and
companions (2001), “Natural action is learned, sequential, object-oriented behavior in the
service of everyday goals” (p.1). NAT was created by simplifying and shortening MLAT.
Because the test is not long, and scoring is easier, performing NAT does not require
extensive training that other clinical assessments require. Consequently, it is not
restricted to specific professional groups. (Schwartz et al., 2001.)
NAT is usually conducted in laboratory conditions where participants are free to act
independently and, penalties are not given because of physical limitations. It can be used
to give an assessment in cases such as dementia, strokes, and brain injury. In the test tasks
materials, layout, and scoring system are standardized, and the test itself will require
around 30 minutes to complete. (Schwartz et al., 2001.)
In the NAT sessions, the subjects are given three tasks, making coffee and toast, wrapping
a gift and preparing a child’s lunchbox and a schoolbag. If they have problems with
completing the tasks, the moderator helps by giving cues. There are different kinds of
cues; initiation cue is given if the subject does not begin the task, generic cues are
non-informative, and they are given as answers to subject’s questions and comments.
Time-based cues are used if the subject’s behavior is unproductive or non-progressing for
1 minute. There are limited amount of time-based cues and after they are all used, the task
is discontinued. Subjects are scored according to performed steps and errors made. Single
NAT score is created by combining accomplishment and error scores. (Schwartz et al.,
2001.)

3.4

Action Coding System

Wherton (2008) adapted Schwartz’s and companions’ (1991) Action Coding System
(ACS). ACS is a clinical approach to observing action disorders in everyday tasks. In
ACS transcriptions of individual actions were created to describe four different types of
actions. These are TAKE (picking up an item), GIVE (setting the item down), MOVE
(moving an item to another location in a single action) and ALTER (changing the state of
an item, for example opening a cupboard) (Table 2). (Wherton, 2008.)
Table 2.

Action Coding System (Wherton, 2008)

Action type
MOVE
ALTER
TAKE
GIVE

Event
MOVE (x) to (location) using
(instrument) by (manner)
ALTER (x) to (state) using
(instrument) by (manner)

Example
MOVE rice to ovenproof dish using
measuring cup by adding
ALTER cupboard to open using door
by pulling

TAKE (x) from (location)
GIVE (x) to (location)

TAKE milk carton from fridge
GIVE milk carton to working surface

Wherton and Monk (2010) aimed to “inform the design of future pervasive computing
solutions for people with dementia doing everyday tasks in the home.” (p. 255).
Standardized environments can affect the results by limiting errors that could occur in
real settings. Even MLAT with all the different distracters is simpler than real
environments are.
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Additionally, an unfamiliar environment can affect the performance negatively, and some
of the tasks in MLAT may be meaningless. For example, packing a schoolbag may not be
relevant to the participant. Therefore, Wherton and Monk (2010) conducted the study in
participant’s personal kitchens and allowed them to choose the tasks themselves. The aim
was to find out the key situations where prompting was required and not to focus on
theory and diagnosis as earlier studies do. This also meant that they had to evaluate the
behavior differently than in MLAT and NAT.
Wherton and Monk (2010) modified the prompting system used in NAT and MLAT.
Researcher acted as an intelligent prompting system that assisted participants when it
seemed that they had done something that would have prevented them from
accomplishing the task, or when they had remained inactive more than 5 seconds.
Assistance was also given if the participant asked for it directly. The study focused on
identifying the incidents, where assistance was required, instead of cataloging different
errors that occurred. This prompting system is also used in this study and is presented in
chapter 5.

3.5

Activity support framework for kitchen activities

Sarni and Pulli (2015) designed a framework for transforming cooking activities into a
context-aware workflow process models and optimizing these to fit seniors suffering
from mild to moderate dementia. A generic action model of senior (Table 3) was used as
a decision marker in Markov decision process (MDP) (Bellman, 1957) for optimizing the
process models.
Table 3.

Relative frequencies for problem types and actions (Sarni & Pulli, 2015)

Problem
type
Omission
Intrusion
Toying
Repetition
Identifying
Locating
Inactivity
Operate
appliances

Relative
frequency (%)
8.1
12.9
16.0
11.3
8.1
11.3
21.0
11.3

Action-Problem type mapping
Move (%)
Take (%)
Give (%)
13.2
21.0
18.4
13.2
34.2

10.5
16.6
20.7
14.6
10.5
27.1

11.7
18.6
23.1
16.3
30.3

Alter (%)
10.7
17.0
14.9
14.9
27.6
14.9

Sarni and Pulli (2015) split the cooking activities into three stages: gathering the items,
mixing the ingredients and cleaning up. These were then divided into tasks such as “get
an item”. After this, the tasks were divided into basic actions used in ACS (Wherton,
2008). Splitting cooking activities into smaller tasks and actions reduced the complexity
of required calculations (Sarni and Pulli, 2015). This study is limited to the second stage;
mixing the ingredients.
The generic action meta-model of senior suffering from dementia was created with the
findings of Wherton and Monk (2010) and related research (Giovannetti et al., 2002;
Schwartz, Segal, Veramonti, Ferraro, & Buxbaum, 2002). The meta-model shows a
probability distribution for the take, give, move and alter actions (Sarni & Pulli, 2015).
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Sarni and Pulli (2015) assume in their study that the level of dementia does not change
during the cooking activity. In MDP, there is a probability distribution for each action.
This shows the possible outcomes that can occur when an action is performed (Bellman,
1957).
The probabilities were gathered from the findings of Wherton and Monk (2010). Sarni
and Pulli (2015) removed some of the mappings between errors and actions, as they were
not possible according to the descriptions of the errors and actions. These are marked with
gray cells in Table 9. An identifying error cannot occur in a give or alter action, as the
objects have been identified beforehand. The relative frequency ƒr in Table 9 was
calculated with the proportional probabilities of the problem types found in different
studies by Giovanetti and companies (2002)
Certain error groups lead to different transitions, and so require their own kind of support.
Inactivity, repetition, and toying errors require the repetition of the prompt to help the
user to perform the appropriate action. Identifying, locating and intrusion problems lead
the process into a wrong state. The user may pick up a spoon instead of a fork. Omissions
result in missed steps, and appliance operation errors can occur only when the use of
different appliances is required. (Sarni & Pulli, 2015.)

3.6 Summary
Three different methods for evaluating the cognitive impairment were introduced in this
chapter. KTA is used to measure how much support is required in cooking by scoring the
performance according to the level of support needed (Baum and Edwards, 1993). KTA
may produce information about how much support is needed, but it does not produce
enough specific information about the possible errors that may occur in different
situations.
MLAT is a standardized test for action disorders where a participant has to complete tasks
in a controlled laboratory setting. Nine different error types can be observed from the tests
(Schwartz et al., 1998A). These errors were considered when designing the error category
for a scoring system developed in this study (see Chapter 5.4). MLAT also has tests with
unnecessary objects and hidden objects (Schwartz et al., 1998A). In this study, all of the
necessary objects are visible on the workstation. Unnecessary objects similar to the
appropriate objects are provided to increase the similarity to real life situations.
NAT is a simplified version of MLAT that is also performed in a laboratory setting. A
participant can receive initiation, generic and time-based cues if she or he has problems
with the tasks (Schwartz et al., 2001). The scoring system used in NAT and MLAT was
considered for this study, but they were found to be too tailored for their own test layouts
and tasks to be used with a different task and in various kitchen environments.
Wherton and Monk (2010) claim that standardized environments do not give accurate
results, as possible error occurrences are limited. They conducted their study in a real-life
setting and asked the participants to choose a task that is relevant to their life. They
modified the prompting system used in MLAT and NAT to identify where assistance is
needed. This prompting system is also used in this study and it is introduced more clearly
in chapter 5. It was chosen as it can be used to simulate an actual prompting system. The
tests in this study are also conducted in real kitchens instead of laboratories, but the test
layout is similar in all tests.
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According to ACS (Schwartz et al., 1991, 1995; Wherton 2008), every task can be
completed with a take, give, move and alter actions. In this study, the ACS used by
Wherton (2008) is adapted further to create the workflow process model from the original
recipe. It allows the simulation of process engine and prompting system in the conducted
tests. Information about the number and type of actions required to cook porridge is also
received at the same time.
The data models created in this study were made to fit into the framework by Sarni and
Pulli (2015). They used a general action model that was compiled from the findings of
existing research for their study. The aim of this study is to create individual action
models that can be compared to the general model. Because of this, the scores are
calculated as relative frequencies for problem types and actions.
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4.

Empirical Study

In this chapter, the project scope and ASTS project is introduced first. Then the design
research and analysis methods are defined. After this the practical implementation of the
tests are described: how the porridge recipe was acquired, and split into smaller parts for
the simulation of the prompting system, test layout, and what the error classification
system is. After this, the pilot tests and the three tests conducted in Karpalokoti are
introduced. Karpalokoti is care home that offers long and short term residential care
activities and rehabilitation for the seniors suffering from dementia. It is located in
Köpsintie 17, 86800 Pyhäsalmi. (Suomendemy.fi, 2015.)

4.1

Research scope by ASTS project

Figure 3. ASTS project scope

This thesis is a part of the ASTS project and it is connected to other studies (Figure 3).
Sarni (Sarni, T.) is developing a process engine that takes a food recipe from existing
recipe database and splits it into smaller tasks and actions (Sarni and Pulli, 2015).
The process engine includes the recipe parser that recognizes the necessary ingredients
and objects, and then splits the recipe into actions. This is the topic of Pulli’s (Pulli, V.)
Master thesis. The other part of the engine is the focus of this study; an action model of
senior suffering from dementia that is used to optimize the step-by-step instructions that
are the output of the process engine.
Developing a test and scoring system to build a model of an individual, that shows what
kinds of errors may occur in a kitchen task is the topic of this study. The test and the
scoring system are based on literature review of relevant studies and the findings of Sarni
and Pulli (2015) and Wherton (2008).
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The recipe parser is simulated to create a workflow process model from a food recipe to
create instructions for the test situation. Tests are conducted with this process model, and
the results are analyzed to form action models for participants.
In this study, the aim is also to research if there are differences between the four actions:
MOVE, ALTER, GIVE, and TAKE and if some of them are more challenging to
accomplish. Previous studies have used these actions to transcribe the recordings of the
tests. This study focuses on evaluating the differences between the different actions.
Unlike in the prior studies, the task instructions are presented according to the actions
instead of only transcribing the recordings with ACS. This way it is possible to simulate a
prompting system that would have a working recipe parser and form an action model that
would support the process engine. It is also possible to compare how differently the test
participants act. Do they require more actions than is proposed in the instructions?

4.2

Research methods

This study uses a design research method (Hevner & Chatterjee, 2010). The design
science paradigm aims to “create innovations that define the ideas, practices, technical
capabilities, and products through which the analysis, design, implementation, and use of
information systems can be effectively and efficiently accomplished” according to
Hevner and Chatterjee (2010). In design research, solutions for a real-world problem are
sought by creating innovative artifacts (Simon, 1996).
Design science process includes six steps (Hevner & Chatterjee, 2010). In the first step,
the research problem is identified, and the value of the solution is justified. This is done in
chapters one to three, where the research problem and the application context is
researched (Hevner, 2007). What is the target environment, what kinds of people,
organizational systems, and technical systems are parts of it? The application context in
this study is the kitchen environment and seniors suffering from dementia.
In the second step, the objectives for a solution are defined (Hevner et al., 2010). From the
application context requirements and acceptance criteria for the study can be gathered
(Hevner, 2007). Some of the objectives for the solution come from the client. The
solution has to fit into the process engine.
The third step is designing and developing the solution (Hevner et al., 2010). Different
design solutions and artifacts are generated and then evaluated according to the
requirements (Hevner, 2007). Chapter five focuses on designing the workflow process
model, error category and method and test situation for evaluating how seniors are
affected by dementia when cooking. The workflow process model and the test situations
are then evaluated with pilot tests.
Next the artifact is demonstrated. The tests are conducted according to created method,
the results are analyzed, and three action models are formed in chapter six and seven. In
the fifth step, the artifact is evaluated with specific criteria. Evaluation is based on the
previews with the client and comparison between existing studies that measure cognitive
impairment. In the final step in the artifact is communicated to researchers and relevant
audiences. The results are summarized and presented in chapter 9 and 10. (Hevner et al.,
2010.)
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Data for this study was collected with different methods. By the request of the client, the
recipe for the porridge (Kotikokki.net, 2015) was gained from a popular Finnish website,
where users can upload their own recipes. The redesigning process was done in three
stages that are introduced in chapter 5. The results of each stage were saved as written
documents.
Two pilots three test in Karpalokoti were recorded, totaling one hour of footage.
Videotapes were recorded with a web camera and a laptop computer. Information about
participant’s ages and their MMSE scores were provided verbally by the staff of care
home Karpalokoti.
Transcripts of records were made and actions and errors were identified with subjective
qualitative analysis (Creswell, 2014) guided by the works of Wherton (2008), Sarni and
Pulli (2015), Giovannetti and companies (2002) and Schwartz and companies (1991 &
1995). Transcripts were analyzed by two researchers. Both researchers analyzed the
transcripts with content analysis, first separately and then jointly to identify the errors
observed. Error probabilities were calculated using these discrete categories, which
allowed the use of quantitative methods (Creswell, 2014).
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5.
5.1

Design Cycle
Redesigning the recipe

Because the instructions are given as verbal prompts, the action coding system is less
formal than the one Wherton (2008) used. The actions are marked according to
Wherton’s system, but the event is written so that it can be given as a clear verbal prompt.
ALTER cupboard to open using door by pulling is coded as Alter: open cupboard door
and MOVE rice to an ovenproof dish using measuring cup by adding as Move: add rice to
a casserole.
As the study is limited to evaluating cooking, wrapping a gift or packing a school bag
would be meaningless. Making a toast would be a more fitting task, but it lacks the use of
appliances. Using different appliances is an everyday occurrence in the kitchen, and as
such important for independent living. Making a cup of tea (Hoey et al., 2010) or coffee
was considered as a task for this study. However, tea and coffee can be prepared in
different ways, and it is not as necessary for independent living as cooking is.
Cooking oven-baked porridge was chosen as a task for this study. The recipe is simple but
requires different tools and ingredients, and the use of an oven. All of the four action
types have to be used when cooking porridge. According to the instructions of the client,
the recipe for the porridge was taken from a Finnish recipe website Kotikokki.net as the
vision for the process engine includes the option of downloading any recipe from already
existing recipe databases (Figure 4).

Figure 4. Original porridge recipe retrieved 19 November 2014, from
www.kotikokki.net/reseptit/nayta/4673/Helppo%20uuniriisipuuro
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In the original recipe, there is a short list of necessary ingredients and short instructions
on how to prepare the porridge. The recipe was transformed into more precise
instructions with nine steps and a specific list of ingredients and tools (Figure 5). The
process engine by Sarni will analyze and divide the recipe automatically. However, in this
study the process is simulated and done by two researchers.
Dementia affects the episodic buffer (Huntley & Howard, 2010), causes problems with
multitasking (Wherton & Monk, 2009) and in overall increases the probabilities of errors
such as omissions and sequence errors (Wherton & Monk, 2010). Because of this,
instructions should not be too compact. For example, the first instruction in the original
recipe is to add all the ingredients into a buttered casserole. A senior has to keep track of
all the ingredients and the measurements by him or herself. The increased memory load
may cause errors. Splitting the recipe into smaller parts decreases the required memory
load and gives more information about what the senior should do next.

Figure 5. Dividing the original recipe into nine steps

The original recipe lacked the list of different tools needed for making the porridge,
including spoons, casserole and measuring cups. Butter was also missing from the list of
ingredients, even though according to instructions the casserole had to be buttered before
adding the ingredients. There were also imprecise measurements for example 1.5-2dl of
rice. These were changed into precise measurements such as 1.5dl of rice (Figure 6).

Figure 6. Original and the actually needed tools and ingredients
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After this, a workflow process model of cooking porridge was formed by creating
instructions that are even more precise (Figure 7). This was done by first dividing the
steps further, for example splitting the adding of rice into two steps; measuring and
adding the rice.
The final version of the recipe was done by identifying different actions from with ACS
(Wherton, 2008; adapted Schwartz et al., 1991). The client requested that the steps be
divided into four actions. This was done to find out if there are any differences on how
difficult different actions are to perform. Analyzing what kinds of errors occur in each
action also becomes easier.
Using ACS gave very clear and precise set of instructions that show clearly, what has to
be done to cook the porridge. In smart kitchen environment, knowing the different action
types can also help to monitor the situation. For example in the take action, it is important
to monitor if the user finds the appropriate object, and in the alter action, it is important to
check if the state of the object is correct.
Many different workflow process models can be used to cook successfully a porridge, as
it does not matter in which order the ingredients are added. However, for this study only
one path was generated to act as instructions (Appendix C). This workflow process model
was then evaluated in the first pilot test.

Figure 7. Creating the action path

In the tests with senior citizens, the researcher acted as an intelligent prompting system,
as it was done in the study by Wherton and Monk (2010). Assistance was given if
participant remained inactive for more than 5 seconds or if some action, which would
have prevented the fulfillment of the task, was taken.

5.2

Designing the prompting

Wherton and Monk (2010) used five different level prompts. The first prompt was a
verbal prompt of the goal, for example, "make a cup of tea". The instruction would be
given twice, and if the participant did not act after that, the second level prompt was used.
The researcher would give a verbal prompt of the sub-goal, for instance, "boil water".
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Again, the instruction would be given twice; after that, the researcher would give a verbal
prompt of the action, for example, "pick up the kettle". The next phase would be a verbal
prompting of the action and pointing the item in question. If the participant would still be
unresponsive, the researcher would perform the task himself or herself. This was
considered as a physical prompt. (Table 4)
Table 4.

Prompting System (Wherton & Monk 2010)

Prompt
Level
1. Verbal prompt of the goal
1
2. Verbal prompt of the goal
3. Verbal prompt of the sub-goal
2
4. Verbal prompt of the sub-goal
5. Verbal prompt of the action
3
6. Verbal prompt of the action
7. Verbal prompt of the action and pointing
4
8. Verbal prompt of the action and pointing
9. Physical prompt

5

Example
"Measure and add the
rice (1.5dl )."
"Measure 1.5dl rice."
"Take a measuring
cup."
"Take a measuring
cup," point at the
measuring cup.
A researcher measures
the rice.

This system was first tested in a pilot and then used in the actual tests with seniors
suffering from dementia. According to the Wherton and Monk’s prompting system, the
first prompt could have been an order to make oven porridge. This was considered too
general a prompt for cooking porridge, as there are multiple recipes for different
porridges. Instead, the nine steps found in the chosen recipe were set to be the first level
prompts.

5.3

Designing the test layout

The test environment was organized in the same way in each pilot and test. There were
some differences in kitchens and available objects. All the necessary tools and ingredients
were placed on a workstation before starting the test. Unnecessary objects, such as
additional utensils, different sized measuring cups, salt and a plastic bowl were
positioned on the workstation. The objects were organized in the same way in all the
pilots and tests. After the first pilot post-it notes with the names of the objects were also
placed on the workstation with the written recipe. (Figure 8)
Organizing the necessary objects and using a kitchen that is familiar, but not the
participant’s kitchen can affect the results. It can limit the errors that could transpire in
real situations and settings (Wherton, 2008). According to Rusted and Sheppard (2002)
not using the participants own kitchen increases the occurrence of omission and repetition
errors.
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Figure 8. Test environment in pilot 2.

All the tests were recorded with a camera. The tests were supposed to be captured with
two cameras; one camera filming the workstation surface from the above and the other
filming the participant. This turned out to be possible only in the second pilot test; in other
test kitchens it was not possible to film the workstation from above. (Figure 9)
After the tests had been conducted, transcripts of recordings were created. The transcripts
include verbal interactions between the researchers and participants in Finnish. Clear
nonverbal messages were also recorded; gestures made by researchers that were part of
instructions and body language and actions of the participant that indicated different
moods, for example, hesitation. Every action and speech have a timestamp, so it is
possible to identify the periods of inactivity.
Then compressed versions of these transcripts were made (Appendix D, E & F). These
show the prompts given by the facilitator in English. The actions of the participant were
divided into take, give, alter and move actions according to ACS (Wherton, 2008). Action
categories and the completed actions are shown separately in the transcript. The
compressed version also shows the errors that were identified in conjunction with a
certain action. This way it is possible to count what kinds of errors occurred and which
action were they related to.
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Figure 9. Layout of the tests done in Karpalokoti

Test, where the ingredients and tools would have been in the cupboards at the beginning
of the test, was also planned. This test was left out, as test participants had more severe
dementia than expected and the kitchen used was mostly unfamiliar to them.

5.4

Designing error classification

Different error classification and scoring systems were considered for this study. Scoring
systems for NAT and MLAT were too standardized, and the scoring systems could not be
used with the task of cooking the porridge.
Different studies have also identified and used various error categories to describe what
kinds of problems can occur when a person with cognitive impairment performs different
daily activities. Twenty different errors were gathered from various studies, the MLAT
and NAT manual (Schwartz et al., 1991, 1995, 2001; Wherton, 2008). (Appendix A)
Some of the error types for instance omissions were used in more than one research.
There were also some error types that were left out of this study. For example Wherton
(2008) used a locating error when the participant could not find an item that was hidden in
a cupboard or a drawer. In this study, all the necessary objects were presented on the
workstation, so the locating error was left out.
For the purposes of this study, this error category proved to be too large and specific to be
purposeful, and some of the errors were overlapping with each other. Wherton’s (2008)
error categorization that Sarni and Pulli (2015) used was chosen for identifying the
different errors by the request of Sarni. The errors from other studies were used to
understand the different error situations more clearly but were not marked into
transcriptions.
Error types that are used in this study are the following; errors from one (1) to seven (7)
were found when observing persons with mild to moderate dementia completing different
daily activities in their home kitchens (Wherton, 2008). Error one (1) is also presented in
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MLAT (Schwartz et al., 1998A). Errors one (1) and six (6) were also presented in studies
observing stroke patients (Schwartz et al., 1991, 1995). (Table 5)
Table 5.

Error types used in study (Adapted from Wherton, 2008; Sarni & Pulli, 2015)

Errors

Description of the error

Category

1.

Omission

Forgetting to do some steps

2.

Repetition

Repeating an action needlessly

3.

Intrusion

An action from a different activity that is not
appropriate for the task

4.

Identifying

Inability to find the correct object

Orientation

5.

Appliance
operation

Inability to use appliances in a right way

Operation

6.

Toying

Making gestures with object, without having
any goal

Incoherence

7.

Inactivity

Remaining inactive

Sequencing

Different errors and their types were identified from the recordings. Identifying was done
by two researchers who went through the videos and transcriptions. Errors were identified
from the transcripts, and the error classifications were discussed and agreed upon by both
researchers.
Wherton (2008) found four main error categories; sequencing (omission, repetition, and
intrusion), orientation (identifying and locating), operation (appliance operation) and
incoherence (toying and inactivity).
Omission errors occur, when the participant forgets to do a step or abandons the step
before finishing it correctly (Schwartz et al., 1998A, 2001; Wherton, 2008). When a
participant repeats one action or task multiple times, a repetition error is marked. Picking
up the same item multiple times or opening and closing containers is counted as a
repetition error (Wherton, 2008).
In intrusion errors, the participant performs an action that is not a part of the indented task
(Wherton, 2008). Intrusion errors consist of for example different substitution errors,
where the intrusion of an object occurs. Wherton’s intrusion error can be thought to
gather together multiple errors from other studies, for example, substitution errors and
independent act errors (Schwartz et al., 1991, 1995, 1998A).
When a wrong object is used this is considered as an object substitution (Schwartz et al.,
1998A). In place substitution, the object is placed in a wrong place, for example placing
the rice into a plastic bowl in the stead of the casserole. Using the right gesture with a
wrong object was considered Instrumental substation (Schwartz et al., 1991, 1995). These
are considered as object intrusions in this study. One error that can be categorized as
action intrusion is gesture substitution. It is used when a participant has the right object
but uses it with a wrong gesture (Schwartz et al., 1998A).
Other studies have had errors, for instance, independent acts (Schwartz et al., 1991, 1995)
and action addition (Schwartz et al., 1998A). In these different actions that are not a part
of the actual task is performed. They are uninstructed actions that are sometimes
surprising. Some of these can be considered to be action intrusions depending on the
situation
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An identifying error occurs when a senior needs to be prompted multiple times to pick up
visible an object or if they pick up a wrong object. Locating error was left out from this
study, as it refers to the inability to find hidden objects from cupboards (Wherton, 2008).
In this study, all the objects were visible on the workstation.
Appliance operation error refers to the inability to use appliances correctly (Wherton,
2008). In the case of cooking porridge in this study, the error could only occur when
preheating the oven and setting the timer to ring when porridge should be ready.
Toying error is recorded when the participant does something that had no clear goal or
meaning towards the task. Inactivity error is marked when a participant remains inactive
and does not initiate an action within a 5 seconds.
There is some uncertainty in the error classifications. Some of the errors are similar to
each other, and it can be challenging to differentiate between different errors. For
example in some situations it is challenging to evaluate if the senior is inactive or unable
to identify the necessary object.
Scoring is done by calculating the odds of an error occurring in the take, give, move and
alter actions. The action model is created by calculating the probability of a certain error
(omission, repetition, intrusion, identifying, appliance operation, toying or inactivity)
happening when an error occurs.

5.5

Pilot tests

Pilot tests were used to certify that the workflow process model and the designed test
procedures did not have mistakes that would make completing the task impossible. In the
first pilot, a 24-year-old female student without cognitive impairment was asked to
prepare porridge. The participant was instructed to act according to the verbal instructions
that were given directly from the generated action path, without adding any independent
actions. The purpose was to check the workflow process model so that the porridge could
be made in accordance with it.
Completing the task took around seven (7) minutes, and it proved that the porridge could
be prepared by completing all the actions in the given order after small changes. A few
actions had to be added to the instructions, for example taking the casserole to spread the
butter on it and placing the tablespoon down after adding the oil.
The second pilot was done with a 75-year-old senior without cognitive impairment. She
was given a written recipe and asked to follow it. She was able to complete the task
independently within five (5) minutes with written recipe and first level prompts. This
validated the test procedures and its layout.
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6.

Test Procedures

After the second pilot, three tests were conducted in the care home with seniors suffering
from dementia. These three have been given aliases Leena, Matti and Pekka in this study
to protect their identities. The care home had a communal kitchen, but the test participants
had not used it before (Figure 10). None of the test participants had used the kitchen, and
they did not cook for themselves anymore.

Figure 10. Test environment in the three tests. Nametags for containers and utensils were added
before the first test.

Three seniors participated in the tests. Participant alias Leena: a 70-year-old female with
MMSE score of seven (7). She also had to use a rollator. Participant alias Matti: a
61-years-old male with MMSE score of seven (7). Lastly, there was a participant alias
Pekka: a 69-year-old male with MMSE score of eleven (11). (Table 6)
Table 6.

Test procedures

Researcher(s)
Test 1 Facilitator and
assistant
Test 2 Facilitator and
assistant
Test 3 Facilitator and
assistant

Participant
70 years old female with
MMSE score of 7.
61 years old male with
MMSE score of 7.
69 years old male with
MMSE score of 11

Recording
Webcam
Webcam
Webcam

Instructions
Verbal prompts of
goals
Verbal prompts of
goals
Verbal prompts of
actions

Participant Leena
Leena was given first level prompts, for instance “butter the casserole” or “add 0,5
teaspoons of salt”. If she was unable to complete the task, then she was given more
precise prompts according to the Wherton’s and Monk’s (2010) system.
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She completed the task in twenty-four (24) minutes, slower than other two participants
did, and it took longer than was estimated from the pilot tests. This was partly due to her
dementia, which was severe. The tests were planned to be done with seniors suffering
from mild to moderate dementia, but at the time there were none such residents at the care
home. She also decided to move away from the original workstation (Figure 11). Moving
around in the kitchen was time-consuming as the rollator and the lack of space.
She also had problems with recognizing when the task was completed and remembering
what she was doing. She started to leave the kitchen on three separate occasions before
the test was completed.
Leena had various repetition errors. She would measure the rice only to pour the rice back
into the rice bag. She would also get distracted by the rice bag while performing other
tasks, picking up the rice bag, closing it more tightly and moving it around.
Severe intrusion errors were observed from the recording. She tried to eat raw rice and
drink the oil from the bottle. There were also errors that were similar to those of the other
participants, for example moving objects around the workstation without a clear goal.
She also became frustrated and angry, and it was decided to end the test after she had
added all the ingredients and stirred them. Additionally, because of the level of her
dementia and physical restrictions, it was decided that moving the porridge into the oven
could be too challenging physically and potentially dangerous.

Figure 11. Participant Leena moves the objects out of the indented workstation

Participant Matti
The second participant alias Matti was a sixty-one (61) year old male with MMSE score
of seven (7). He was given instructions in the same way as Leena. As with Leena, it was
decided that moving the porridge into the oven could be dangerous. However, Matti and
Pekka were asked to set an egg timer to ring after an hour. He was able to finish the test in
fifteen (15) minutes, fourteen (14) minutes faster than Leena. At times, he appeared to be
uncertain, back away from the workstation and rub his face.
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Participant Pekka
Pekka was given slightly different instructions than the other participants by the request
of Sarni. Originally, a test situation where some of the objects would have been hidden in
cupboards was also planned. However, because the participants had more severe
dementia than expected and they had not used the kitchen before, this test situation was
abandoned. Pekka was given verbal prompts of actions instead of the goals that the other
two received. This was done to see how different instructions would affect the situation.
He also had milder MMSE score than the other two participants and was able to do the
test faster and with fewer errors. It took him only ten (10) minutes to perform the test
when in the pilot tests took 5-8 minutes.
Commonalities
One of the common problems with all the seniors was the measuring of the ingredients.
For example, Matti was asked to take a tablespoon and add oil to it. Not taking a spoon
caused an omission error. It is possible for a person to cook successfully porridge without
measuring with the spoon, but in this case Matti poured an excessive amount of oil.
Matti and Leena also exhibited toying behavior. For example, Matti would pick up
nametags of different objects and slightly move them around. Leena would move objects
around the workstation and play with grains of rice.
Leena and Matti also had various intrusion errors. They had problems when opening the
milk carton because they were using inappropriate gestures. Finland used to have milk
cartons that have to be ripped open. Nowadays there are also newer cartons that have
plastic caps. These newer cartons were used in the tests, but the participants tried to open
them by ripping. (Figure 12)

Figure 12. a) An older type of milk carton, b) a newer type of milk carton, c) a senior opening a
new type of milk carton using a way of opening an older carton

Identifying the appropriate objects was also hard for all of the participants. Multiple
prompts were needed in some situations, and even then, the participants sometimes
picked a wrong item. These events were marked with an intrusion error.
Each senior had problems with appliance operation in the tests. They were unable to use
an appliance correctly. When preheating the oven, they had problems with adjusting the
heat. The participants either they turned the knob too much or too little or first into one
direction and then back repeatedly. All of them needed assistance to set the oven to 150
°C.
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7.

Test Analysis and Findings

This chapter introduces the test analysis and findings for each test. General information
about the occurred errors is given: how many errors occurred and in which actions. How
many actions the participant required for completing the test and which of those actions
had errors? Additional information and examples of what kind of errors occurred and how
they were categorized are provided. Lastly, the different frequencies of problem types
and actions are gathered into tables. These can be used with the framework provided by
Sarni and Pulli (2015) to optimize workflow process models to fit the individual senior to
assist them in kitchen tasks.

7.1 Determining action model for participant Leena
The first participant with MMSE score of seven (7) was Leena. She had the highest
number of errors. Fifty-two (52) errors were identified from the transcripts, intrusions,
toying and omission errors being the most frequent ones (Table 7). She also was
supported by six researcher interventions. She was unable to identify different objects
that were in the end handed to her. The researcher also measured and added the salt and
oil for her.
Omissions occurred in four cases, where she forgot the task completely or assumed it was
finished and begun to leave the test kitchen. In other omission errors, she started to
perform the right action but soon abandoned it to move other objects around the
workstation.
Different cases of repetition occurred during the test (transcript 1). Leena would measure
the rice only to pour it back into the rice bag and measure it again. She would also
repeatedly move objects around. According to the situation, these were marked as toying
and repeating errors. Because of this behavior, there are most errors in the take action, as
the errors were marked when she took a wrong item.
Transcript 1.

Type
Alter
Alter
Alter
Alter

Example from transcription of test with participant Leena

Completed action
Open the milk carton by ripping
Open the milk carton by twisting the cork
Close the milk carton
Open the milk carton by ripping

Error
Intrusion
Repetition

Seventeen (17) errors occurred in move actions. Eight of these belong to the intrusion
category. Some of these are object intrusions, where Leena substituted an object with
another. There were also different kinds of erroneous behaviours, when Leena tried to
drink from the oil bottle, eat the raw rice that had fallen on the table or do something else
that was not a part of the task. Four of the omissions in the move action were in situations,
where Leena forgot the task completely and tried to leave the test environment.
Give action was mostly error free. Only two omission errors were recorded, as Leena took
the right object, but then set it back to the workstation without completing the task.

39
Table 7.

Errors in the test with participant Leena

Leena:
Omission
Intrusion
Toying
Repetition
Identifying
Inactivity
Appliance operation
Total

Move

Alter

6
8
3

2
3

17

4
2
11

Take
4
6
4
3
5
22

Give

Total

2

10
15
9
8
3
5
2
52

2

During the test, she completed 135 actions (Table 8). The process model that was used as
instructions (Appendix C) contains forty-one (41) actions, if setting a timer and placing
the porridge into oven are not counted. This means that Leena should be able to complete
the task according to the instructions with only forty-one (41) actions if no errors or
additional actions were performed. Her moving away from the original workstation
increased the number of completed actions, as moving around took time and effort. It may
also have made it harder to remember what she should be doing, as moving around was
challenging for her because of physical limitations and the concentration it required.
Participant Leena had a high number of unnecessary actions. However, not all of these
were marked as errors. The relatively low number of errors is caused by the error marking
system used. For example, when the participant would toy with objects, an error would be
marked on the first action. Taking, moving and giving the object to the workstation is
considered to be one error, even though in reality this error consisted of several actions
(transcript 2).
Transcript 2.

Type
Take
Give

Example from transcription of test with participant Leena

Completed action
Take nametags from the workstation
Place the nametags on the workstation

Error
Toying error

Performing the appropriate action also took more actions than predicted and moving the
different objects around the kitchen demanded additional actions. These were not marked
as errors, as the participant was working on the correct task and gathering the necessary
objects (transcript 3).
Transcript 3.

Type
Take
Give
Take
Give
Take
Take
Move

Example from transcription of test with participant Leena

Completed action
Error
Take a rice bag from the workstation
Inactivity
Place the rice bag on the workstation
Take a measuring cup from the workstation
Place the measuring cup on the workstation
Take the rice bag from the workstation
Take the measuring cup from the workstation
Move to the casserole (casserole was moved away from the workstation)
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Table 8.

Action
type
Move
Alter
Take
Give
Total

Test with participant Leena

Minimum
All
Number
number of completed
of
actions
actions
errors
11
32
17
10
28
11
10
43
22
10
32
2
41
135
52

Actions
with
errors
16
10
22
2
50

Actions
without
errors
16
18
21
30
86

Percentage of
actions with
errors (%)
50.0
35.7
51.2
6.3
37.0

Table 9 shows the relative frequency that tells the proportional probabilities of the
problem types. When an error occurred, it was most probably an intrusion error (28.9% of
errors were intrusions), followed by omission (19.2%) and toying (17.3%). Appliance
operation was the least frequent one, but at the same time the participant had problems
with all of the actions that required the use of an oven. Using appliances incorrectly can
also be dangerous and cause safety problems.
Table 9.

Individual action model for participant Leena

Action-Problem type mapping
Problem type
Omission
Intrusion
Toying
Repetition
Identifying
Inactivity
Appliance operation

Relative
frequency (%) Move (%) Alter (%) Take (%) Give (%)
35.3
18.2
100.0
19.2
47.1
27.3
18.2
28.9
17.6
27.3
17.3
36.4
18.2
15.4
13.6
5.8
22.7
9.6
18.2
3.5

Some errors cannot occur in every type of action; these are marked as gray cells. For
instance appliance operation can only occur when performing the alter action, as picking
items up or placing them down cannot include operating appliances (Sarni & Pulli, 2015).
Some errors did not occur in certain action types because the participant did not commit
them. In the give action, only omission errors were recorded, and for that reason the
probability of them is 100% in said action.

7.2 Determining action model for participant Matti
Matti had the MMSE score of seven (7), same as Leena, but he required fewer actions to
complete the task. While Leena performed 135 actions, Matti was able to prepare the
porridge with fifty-eight (58) actions (Table 10). Matti also had the additional goal to set
the timer to ring.
Researcher intervened in three times during the test, giving the measuring cup to Matti
twice and measuring the rice for the porridge. The researcher also poured some of the
milk into the casserole, as Matti’s hands were shaking. This was not marked as researcher
intervention, as there was no erroneous behavior.
Matti had problems with intrusion and toying errors. He would, for example, pick up
items and then place them down or toy with name tags. Most of these errors occurred in
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the move and take actions, but there were also four intrusions errors in the alter actions.
He had problems with opening containers and he was using the wrong tools to mix the
porridge. Using a wrong tool is not necessarily an error that would affect the completion
of the task. However, using a teaspoon to mix the porridge made the task harder and led to
insufficient stirring.
Table 10. Errors in the test with participant Matti

Matti:
Omission
Intrusion
Toying
Repetition
Identifying
Inactivity
Appliance operation
Total

Move

Alter

Take

Give

Total

2
5

4

2
5
1

1

3
11
6
0
4
4
3
31

1
1
9

3
3
3
7

14

1

Because Matti was instructed to set the egg timer at the end of the test, he had to perform
more actions than Leena. Setting the timer takes at least four different actions, and
because of this minimum number of actions required was forty-five (45) instead of
Leena’s forty-one (41) actions. (Table 11)
Set the timer
a. Move: Move to the workstation
b. Take: Take an egg timer
c. Alter: Set the egg timer to ring
d. Give: Place the egg timer on the workstation
Matti did leave some of the actions out. For example, he picked up a teaspoon but did not
use it to measure the salt. He was not able to estimate the correct amount of salt and ended
up pouring too much of it straight from its container. He also did not take a tablespoon for
measuring the oil. Instead, he poured it also straight from the container with the same
result as with the salt (transcript 4). He was able to complete most of the necessary tasks,
but because he was not able to measure all of the ingredients, the porridge was not edible.
Transcript 4.

Prompt
Measure the oil

Example from transcription of test with participant Matti

Type
Take
Alter
Take a tablespoon Take
Measure the oil
Move
Pour the oil
Move

Completed action
Take the oil bottle
Open the oil bottle
Pour the oil into the casserole
straight from the bottle

Error
Intrusion
Omission
Intrusion

Two intrusion errors were marked in transcripts because Matti was trying to open the oil
bottle incorrectly and added the oil in a way that was against the directions.
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Table 11. Test with participant Matti

Action
type
Move
Alter
Take
Give
Total

Minimum
All
Number Actions
number of completed
of
with
actions
actions
errors
errors
12
15
10
9
11
9
6
7
11
21
14
13
11
13
1
2
45
58
31
31

Actions
without
errors
6
2
8
11
22

Percentage of
actions with
errors (%)
60.0
77.8
62.0
15.4
53.4

From Table 12 it is possible to see, that when Matti had a problem, it was most liable to be
an intrusion error (34.5%) or a toying error (19.4%). Identifying and inactivity errors had
a 12.9% probability to transpire; while omission and appliance operation had a 9.7%
probability of occurring. There were no repetition errors observed during the test
Table 12. Individual action model for participant Matti

Action-Problem type mapping
Problem type
Omission
Intrusion
Toying
Repetition
Identifying
Inactivity
Appliance operation

Relative
frequency (%) Move (%) Alter (%) Take (%)
14.3
9.7
20.0
57.1
35.7
34.5
50.0
7.1
19.4
0.0
10.0
21.4
12.9
10.0
21.4
12.9
42.9
9.7

Give (%)
100.0

In the give actions, only one omission error was found. Matti was prompted to butter the
casserole, but he became confused after picking up the butter. He placed the butter down
and needed to be prompted before he was able to continue the task. Only intrusion and
appliance operation errors were observed in the alter action. There was a slightly higher
possibility (57.1%) of intrusion errors transpiring.

7.3 Determining action model for Participant Pekka
Pekka was the third participant, and he did not have as severe a case of dementia as the
other two according to his MMSE score of eleven (11). He did not need any interventions
from the researchers. Pekka had seventeen (17) errors; most of them being omission
errors (Table 13). He was also not given first or second level prompts. Instead, he
received only prompts of actions to find out how the senior would react to different kind
of instructions.
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Table 13. Errors in the test with participant Pekka

Pekka

Move

Omission
Intrusion
Toying
Repetition
Identifying
Inactivity
Appliance operation
Total

3
2

Alter
1

Take

Give

Total

0

5
3
0
1
4
1
2
17

2

1
4
1
5

3
5

7

Some tasks such as adding the rice took more actions than necessary (transcript 5). Pekka
poured around 0.5 dl of the rice into measuring cup when he was asked to measure 1.5 dl.
It was unclear if he forgot the amount of rice needed, or if he just added a random amount
of rice into the measuring cup every time.
Transcript 5.

Type
Alter
Move
Move
Move
Move
Move
Move

Example from transcription of test with participant Pekka

Completed action
Open the rice bag
Measure 0.5dl rice into the measuring cup
Pour the rice into the casserole from the measuring cup
Measure 0.5dl rice into the measuring cup
Pour the rice into the casserole from the measuring cup
Measure 0.5dl rice into the measuring cup
Pour the rice into the casserole from the measuring cup

Error
Omission
Omission
Omission

Pekka only had one action more than required, even if some tasks took more actions
(Table 14). This was possible because Pekka did not, for example, take a spoon and use it
to measure the salt and oil. Instead, he poured them straight from the bottle. Similarly to
Matti, he also poured too much of salt and oil, resulting in inedible porridge.
Table 14. Test with participant Pekka

Action
type
Move
Alter
Take
Give
Total

Minimum
All
Number Actions
number of completed
of
with
actions
actions
errors
errors
12
12
5
5
11
13
5
5
11
11
7
7
11
10
0
0
45
46
17
17

Actions
without
errors
7
8
4
10
28

Percentage of
actions with
errors (%)
41.7
38.5
63.6
0.0
37.0

As the table 15 shows, when an error occurred it was most probably an omission error.
Over half of these occurred in the move action, and the rest were tool omissions that were
recorded into the take action.
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Table 15. Individual action model for participant Pekka

Action-Problem type mapping
Problem type
Omission
Intrusion
Toying
Repetition
Identifying
Inactivity
Appliance operation

Relative
frequency (%) Move (%) Alter (%)
60.0
29.4
40.0
20.0
17.6
0.0
20.0
5.9
23.5
5.9
60.0
17.6

Take (%) Give (%)
28.6

57.1
14.3

The identifying errors were the second common errors with ƒr of 23.5%. All of them were
associated with the take action, as Pekka had problems with identifying the appropriate
tools and ingredients.
The intrusion and appliance operation errors had the same probability of 17.7%. All of the
appliance operation errors occurred in the alter action while intrusion errors were divided
into the move (40%) and alter (20%) actions.
The Repetition (alter action) and toying (take action) also had a frequency of 5.9% of all
the completed errors while the chances of a toying error occurring are 0%.

7.4 Method for measuring the difficulty of kitchen tasks
In this study, a method for measuring the difficulty of kitchen tasks was developed by
researching existing methods for measuring cognitive impairment and dementia. Existing
methods for measuring cognitive impairment could not be used in this study. MMSE,
MLAT and NAT are standardized test that could not be used to evaluate the task of
cooking oven porridge. It was estimated that the results of these and the KTA method
might not produce results that could be used in Sanri and Pulli’s (2010) framework. The
method developed in this study was then validated by generating the individual action
models. The method consists of five (5) steps.
The first step is choosing the recipe or task for the test. This is then redesigned into
workflow process model by dividing it into smaller goals, then into sub-goals and actions.
A more detailed description on how to redesign the recipe can be found in chapter five.
This is then used in the test cases as instructions.
The second step is designing the test layout to fit the chosen task and situation. All
necessary objects can be added to a workstation with additional items. If the participants’
dementia is mild to moderate, and the kitchen is familiar, the items can be placed in
cupboards.
The third step is to conduct and record the test by using the prompting system described in
chapter five. The participant will be given different level prompts based on how difficult
the task is for him or her. In the beginning, the participant is given verbal goal level
prompts, if they are inadequate the test facilitator will move to give verbal sub-goal and
action level prompts. If the participant is unable to complete the task with these, the
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facilitator will use gestures with the verbal prompts or physically complete the tasks for
the participant.
The fourth step is to transcribe the recordings and identify all move, take, give, and alter
actions and the errors that occurred. The error classification system can be seen in chapter
five. The fifth step is to generate the individual action models by calculating the
probabilities of each error happening.
This method can be used with a simple task such as cooking an oven porridge to produce
an action model of individual. However, the method has not been tested with more
complex tasks that require more complicated workflow process models.
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8.

Evaluation of Study

During the study, the client reviewed the progress and the result four times. In these
reviews, the client approved the study, and the progress of the study was agreed upon
together with the client. Decisions about the progression of the study were made with the
client. The client requested that a method for measuring the difficulty of kitchen tasks
would be designed. This was to be done by splitting a food recipe into smaller parts using
ACS and conducting tests with seniors.
The client requested that the recipe for the test had to be a short and simple one, and it had
to require the usage of kitchen appliances. The recipe also had to be found from a popular
online recipe database. This was the basis for choosing the porridge recipe. Recipe and its
redesign into process model were approved in the first review. In the second review, the
empirical setting was evaluated. The test layout and proceedings were approved.
In the third review, a more comprehensive error category was considered for analyzing
the tests. However, as some of these errors were too precise and did not fit into Sarni and
Pulli (2015) model, they were discarded.
In the fourth review, the client determined that researching relevant research and
producing a method for creating an action model usable in his own work and in other
information systems by using the error categorization provided by Wherton (2008) and
Sarni and Pulli (2015) serves as sufficient validation for this study.
The study was completed according to these criteria. Relevant research was studied, and
test procedures were designed accordingly. Then the tests were simulated in pilot tests
and the instructions were improved as a result. After this, the tests with the seniors were
conducted and the data gathered from them was analyzed. Action models were created
and the relative frequencies of problem types and actions tables (tables 9, 12, 15) can be
used as decision marker in MDP to optimize the workflow process model of cooking
porridge (Appendix C) according to Sarni and Pulli (2015).
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9.

Discussion

AAL technologies, for example, memory aids can be used to support seniors with
dementia in everyday things (Sugihara et al., 2012). Assistive technologies have to be
flexible and fit into different kinds of environments (Kleinberger et al., 2007; Sugihara et
al., 2012). There have been high fidelity prototypes of ambient kitchens in laboratory
environments that use various monitoring technologies such as projectors, cameras and
even under-floor pressure sensing (Oliver et al., 2009).
An ambient kitchen similar the one Oliver and companions (2009) created is not easy to
implement or even plausible to install for all seniors suffering from cognitive impairment.
To support the increasing number of people suffering from dementia (Hoey et al., 2010)
and to enable the transformation of the public service structure (Finlex.fi, 2015) more
flexible systems are needed. The proposed process engine (Figure 3) that would produce
the detailed step-by-step instructions for the prompting system offers flexibility. Being
able to predict the problems seniors are prone to have could lessen the need for
monitoring systems.
The aim is to support independent living of seniors in their homes as long as possible. To
maintain and prolong the level of independence, AAL solutions should not do everything
for the senior. Instead solutions should activate seniors to think on their own and assist
them only when necessary, so that their cognitive state does not decline faster
(Vogelpohl, Beck, Heacock & Mercer, 1996; Wilson et al., 2002). Being able to predict
the user’s level of competence would help to create instructions that provide enough
assistance to complete the task, and at the same time keep the level of support as low as
possible.
One part of the research question was; how can the level of difficulty in cooking tasks be
estimated for individual when the aim is to find an optimal task-person combination? A
method for planning and conducting a test with seniors and then scoring their
performance is proposed for estimating the difficulty of cooking tasks for individuals in
this study to generate optimal task-person combination.
Designing a method for measuring the level of difficulty in cooking tasks
There have been other studies measuring cognitive impairment. Wherton and Monk
(2010) intended to identify the situations where assistance is needed. This is slightly
different from other studies. KTA focuses on how much support is needed (Baum and
Edwards, 1993), but it does not focus on what kind of support is necessary or how it could
be provided with technology. MLAT and NAT focus on measuring the overall cognitive
impairment and develop theories and diagnosis (Schwartz et al., 1998A, 2001).
Due to the different goals of these studies, the measuring methods are different. MLAT
and NAT both have standardized tests and scoring systems. Standardized tests and
scoring sheets could not be used in this study and so only, some parts such as distracter
items test were used. KTA is a method that is more flexible and it is focused on cooking.
It can be used to gain an understanding of the level of assistance needed and the
weaknesses and strengths of the participant. However, its scoring method does not give
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information about what kinds of errors occur in which situations (Baum & Edwards,
1993).
Wherton’s and Monk´s (2010) prompting system (Table 4) was chosen for this study as it
simulates an actual system. Unlike Wherton and Monk (2010), tests were not conducted
in participants’ kitchens. Additionally, the necessary items were laid down in planned
order (Figure 8). This was done to ensure that all the necessary items were available, as
kitchens were unfamiliar for the participants. Locating items would have been more
challenging than in real life situations.
The mini-mental state examination (MMSE) is used to measure the cognitive
impairment, but MMSE has its limitations. It is used to measure cognitive impairment,
but not competence or disability (Cockrell & Folstein, 2002, s150). In this study
participants, Leena and Matti both had the MMSE score of seven, but their performance
was different on the tests. Leena required more actions than Matti to complete the task,
and they performed different kinds of errors. The designed scoring system allows the
comparison between individuals.
Error category for the method
Three different error categories were considered for this study. MLAT (Schwartz et al.,
1998A), NAT (Schwartz et al., 2001), and Wherton (2008) each have their own error
categories for measuring cognitive impairment (Appendix A).
Wherton’s (2008) error category was used to study the requirements for technologies
supporting seniors with dementia while NAT and MLAT are clinical tools. While some
of the errors are common between the methods, Wherton (2008) has appliance operation
error that is useful for measuring the competence in kitchen tasks. Using appliances is
often necessary when cooking and failing to use them properly can have serious
consequences.
Some of the errors in MLAT and NAT are too specific for the purpose of this study.
Recording different variations of substitution errors or spatial misestimation errors is
unnecessary. They would complicate the data model and require the sophisticated smart
kitchen to assist in errors such as misestimation.
On the other hand, some of the errors are general and can be identified in a variety of
situations. Errors can also be caused by other errors, inactivity error could be caused by
the omission or identifying errors if the senior does not remember what he is supposed to
do.
However, the prompting system does not need to know why a certain error was performed.
According to Sarni and Pulli (2015), different errors lead to a certain type of transition.
Toying, inactivity, and repetition errors all require the repetition of the prompt.
Omissions would also require repetition of prompts in most cases depending on the
situation.
Kitchen activities often require multiple steps and the steps can be completed in many
different sequences (Lade et al., 2010). The chosen porridge recipe proved this true.
When cooking porridge in the oven, the order of which the ingredients are added does not
matter. Furthermore, there is flexibility on whether to take the measuring tool or the
ingredient first. At the same time, some actions have to be performed before the task can
continue. It is impossible to pour milk, before opening the container.
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Recipe was first divided into smaller steps, as seniors with dementia can have problems
with multitasking and completing all the steps in the appropriate order (Huntley &
Howard, 2010; Wherton & Monk, 2009, 2010). The recipe was further divided into
actions according to ACS, which is ordinarily meant for transcription of records
(Wherton, 2008; adapted Schwartz et al., 1991. 1995). Dividing the recipe produces
precise instructions that could be used in the prompting system.
Another part of the research question was; how do seniors with mild to moderate
dementia cope with a recipe based cooking task? Identifying in which actions the errors
occur and what are the frequencies for each error allows the comparison of seniors
performing in cooking tasks. For this purpose, dividing the recipe into actions was useful.
Flexibility is important when scoring the performance. It is not practical to mark
sequencing error if the participant does not act exactly according to the planned
instructions when the action does not endanger the result. Dividing the recipe into actions
makes it possible to find and identify the actual errors. Information about the amount of
actions and errors required and how many the participant performed makes it possible to
compare individuals.
Comparing the general and individual action models
Seniors were asked to prepare oven porridge. One researcher gave the seniors prompts
and acted as an intelligent prompting system. Tests were recorded, and two researchers
identified different errors that occurred in four action categories (move, alter, take and
give) during the tests.
One aim of this study was to search if there are any differences between the four different
actions. Are some of them harder to complete without errors than others? Some
differences were found between the tasks performed in this study. Participant Leena
performed far more actions than was necessary and had a high percentage of errors in all
actions except in the give action. Participant Matti did not need so many actions to
complete the task as Leena. However, similarly to Leena he also had significantly fewer
problems with the give action than the other three actions. Participant Pekka did not have
any errors in the give action, indicating that it is the easiest action and rarely has errors.
As a result of the tests, three individual action models were created. These can be used to
compare differences between the seniors and the general model introduced by Sarni and
Pulli (2015). Figure 13 shows the differences in relative frequencies for problem types
between the general action models that Sarni and Pulli (2015) formed from the findings of
Wherton and Monk (2010) and the three participants of this study.
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Figure 13. Relative frequencies of problem types found in the tests and general action model by
Sarni and Pulli (2015)

The frequency of different error types in the test varied greatly. When Sarni and Pulli
(2015) calculated the frequency of toying errors to be 16.0%, participant Pekka had no
toying errors during his test while Matti had a toying error frequency of 19.4%. In the
other error types, there are also significant differences. In the general action model
omission errors have a frequency of 8.1%, which is one of the smallest. In comparison,
Pekka had least problems with completing the task, but most of his errors were omission
errors. This shows that there can be significant differences between individuals who have
dementia and the general model.
Though Sarni and Pulli (2015) had a low frequency of omission errors, other earlier
studies found that omission and sequence errors were the most frequent with people
suffering from mild dementia. Additional items on the workstation increased the
frequency of these errors (Giovannetti et al., 2002; Schwartz et al., 1998A; Wherton &
Monk, 2010). In this study omission, repetition and intrusion errors belonged to the
sequencing category. Leena had altogether thirty-three (33) sequence errors out of her
fifty-two (52) errors. Matti fourteen (14) sequence errors out of thirty-one (31) errors and
Pekka nine (9) sequence errors out of seventeen (17) errors. Sequence error category was
most common with all of the participants.
However, when looking individual errors instead of larger categories, only Pekka’s most
common error was the omission error. Leena and Matti were most prone to perform
intrusion errors. This may be partly because the other studies used different error
categories. Some of the intrusion errors could be the result of forgetting the actual task.
Leena required 135 actions to complete the task while Matti performed it with fifty-eight
(58) actions. Intrusion errors were the most likely to occur for both of them, but Leena
had a higher probability of performing omission (19,2%) and repetition (15,4%) errors
than Mattia had. When Matti performed an error, it had 9.7% probability of being an
omission error, and he did not have any repetition errors. This shows that there can be
clear differences with seniors who are diagnosed with a similar MMSE score.
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In the give action, only three errors occurred in the three tests and all of them were
omissions. This indicates that give actions do not require multiple prompts or heavy
assistance. Give actions are fairly simple; the participants only have to set down the
object they are holding. In this study, an omission error was recorded if the participant
placed the item down before using it appropriately. The test environment and task
affected the possible errors. In real life, there can be more dangerous errors, for example
placing a plastic bowl on a hot stove.
Finding and identifying objects can be difficult (Wherton & Monk, 2010). The test results
and observations show that each test participant required action level prompts to
complete the task. In some situations, the facilitator also had to gesture towards the
necessary object, as verbal prompt of the action was not sufficient. Even though the
objects were not hidden, the seniors were not able to identify them. This increases the
errors in the take action. The take action had most recorded errors in all of the tests. This
indicates how dementia affects the capability to identify objects and the deteriorating
abilities to focus on the task, resulting in tendency to repeating, toying and intrusion
errors
The alter action is a more complex action, as it includes different kinds of acts. Opening a
door or a container, mixing the porridge with a spatula and operating the appliances are
all included in the alter action. The move action can mean carrying a measuring cup to the
workstation or measuring the amount of rice. These require the senior to remember
different things. According the observation of this study, measuring the right amount
ingredients was challenging to all of the participants, but actually moving an item from
one place to another was not.
As a conclusion, by using the method developed in this study, it is possible to measure the
performance of seniors in kitchen tasks and gain information about what kinds of
problems they are probable to face. The action models created in this study can be used in
the framework provided by Sarni and Pulli (2015) to optimize workflow process models
of cooking different foods in order to find the optimal task-person combination and to
compare individual performance. The action models do require further development and
testing in the future.
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10. Conclusions
Dementia is a growing problem. One way to assist people with dementia is creating
different AAL solutions. The severity of cognitive impairment can vary significantly
between individuals, and can affect the individual in varying degrees during the day. In
addition, the aim of technology should be to motivate the senior instead of causing
passivity. Finding optimal task-person combination would ensure that the senior receives
enough assistance to complete the task while still having some challenge. Therefore,
taking to accord the individual’s condition when designing AAL technologies could bring
solutions that are more suitable for the individual user.
To develop prompting systems that fit the user, it is important to know what kind of
support the user requires. This can be done by scoring the users performance in a kitchen
task. The research question presented in chapter one was; how can the level of difficulty
in cooking tasks be estimated for individual seniors when the aim is to find an optimal
task-person combination and how do seniors with mild to moderate dementia cope with a
recipe based cooking task? To find an answer to these questions, the method for
measuring difficulty in kitchen task was developed in this study.
Firstly, the method was grounded by researching information about dementia, memory
and methods for measuring cognitive impairment. Secondly, using this knowledge it was
possible to redesign an ordinary porridge recipe to fit the needs of seniors with dementia
and to test the workflow process model with a prompting system. Thirdly, a technique for
determining errors in individual workflow processes was developed by using existing
research on error classification. This was used to analyse the difficulty of the porridge
cooking tasks, which were tested in Karpalokoti with three participants suffering from
dementia. Finally, the analysis results were used in generating individual action models,
which were compared with the general action model by Sarni and Pulli (2015).
The research shows that the method can be used to measure and compare individual
differences when the aim is to find an optimal task-person combination with people
suffering from dementia. In addition, the actions models can be used to supplement the
framework of Sarni and Pulli (2015) as optimizing cooking workflow process models and
to develop a prompting system to assist seniors with cooking tasks. The action models
show that each individual may have different problems and clear differences in his or her
overall performance and capability to complete cooking tasks, which therefore
necessitate the optimisation of task-person combination for individuals.
The proposed method for testing and scoring shows that it is possible to estimate the level
of difficulty in a cooking task. However, further research is needed for developing and
validating the method and the action models further.

10.1 Research contribution
The contribution of this article is the method of measuring the difficulty of kitchen tasks
that was designed by researching relevant studies. The action models that show each
participants error probabilities can be used to optimize process workflow models to test if
it is possible to generate instructions that consider the user’s cognitive impairment. They
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offer information about the capabilities of seniors suffering from dementia. Action
models can also be used to compare how individual seniors succeed in cooking tasks.
This research also offers a way to split the food recipe into four different actions, to create
precise instructions, and to help understand what kind of actions are needed to prepare a
meal. The redesigned recipe can also be used to develop the prompting system.
Additionally information about how assistive technologies for seniors suffering from
dementia could be designed and validated is generated.
Because of limited resources, three seniors who had moderate or severe dementia were
selected for the tests. Each senior completed the task with a varying degree of support and
errors, but because of measuring and quality errors, the resulting porridge would have
been inedible. Additional testing with seniors with mild dementia is needed in future to
gain more information

10.2 Limitations
There are ethical considerations that must be taken into account when working with
senior citizens with dementia. Consequently, the test cases must be carefully planned, and
there may be some limitations. Seniors may also have other medical problems than
dementia that can affect the results. For example shaking hands or bad eye sight may
affect the test cases.
There were some problems with the testing. The tests were planned for seniors with mild
to moderate dementia. Finding participants that fit the requirements was challenging, as
in the care home, there were no mild cases at the time of the study. Finding seniors from
elsewhere and gaining the appropriate research permits would have required more time
and resources. Two of the participants who volunteered to join in the study had severe
dementia and the third one had moderate dementia according to their MMSE scores. This
caused higher error rates in the study than there would have been with seniors with mild
dementia.
The prompting system by Wherton and Monk (2010) was also not followed exactly. The
facilitator and the assistant reacted to the test situations and gave more precise prompts
prematurely, as the level of dementia that the participants was more severe than expected.
The test kitchen was a common kitchen that the participants could use when they wished.
However, the patients in the care home were mostly in a condition that had them unable to
use the kitchen because of their health. Using an unfamiliar kitchen can increase the
number of errors (Rusted & Sheppard, 2002).
Even though the test was not conducted in a laboratory setting, the number of possible
errors was smaller than it would have been in a real situation. The objects and ingredients
were placed on the workstation, instead in the cupboards.
Sarni and Pulli (2015) divide the cooking activities into three different stages. In the tests
only the second stage, mixing was included while gathering items and cleaning were not
part of the study. This eliminated possible errors from the test, as the participants did not
need to gather or put away the required items.
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10.3 Future research
The created action models give information about what kind of problems the senior is
prone to face when cooking porridge. However, these action models were not used to
generate tailored instructions for each senior. Testing the action model with different
kinds of recipes would give more information about how to design more precise action
models, and if the action models can be used with other recipes. The tests used only a
small and simple cooking activity, conducting more tests would make the action model
more precise.
The test participants were seniors who suffered from severe dementia and were no longer
such a condition that they could cook only with the help of AAL technology. Creating an
action model of a senior with mild to moderate dementia would be valuable, as they
would be more likely actually to cook food in real life situations.
The level of cognitive impairment can vary significantly in individuals even during the
day. There can be periods of greater clarity even in severe cases of dementia (Morris et
al., 2003). The action models that were created in this study assume that the level and
nature of the impairment will be constant. In the future, the action models for the
prompting system should be easily updated to reflect the long-term changes in dementia,
but also to be flexible for every day variance.
Previous studies have identified various errors from observing patients with cognitive
impairment that are caused by head injuries, strokes and dementia (Schwartz et al., 1991.,
1995, 1998A, 1998B; Wherton, 2008). Similar errors can have different names and one
error in one study may include different errors from other studies. Creating a clear error
taxonomy that is usable in kitchen tasks would help in creating more precise action
models. There also needs to be more study on how specific errors should be to remain
meaningful.
There is also the challenge of creating a prompting system so, that it challenges the
seniors to think by themselves. The system should encourage the seniors to remain active
instead of passive. Staying active can slow down the progression of cognitive impairment
(Vogelpohl et al., 1996; Wilson et al., 2002).
In the future, action models could also contain information about what kinds of prompts
would be helpful for the seniors. For example, COACH system monitors the user and can
give appropriate instructions on how to wash hands. Even thought the prompts given by
COACH were correct, the test user ignored most of them (Mihailidis et al., 2007). This
was also noticeable in the tests as multiple prompts were required before participant
acted. In some situations, the participant did not act at all.
Usefulness of prompts depends on what kind of dementia the user has. For example if
dementia affects the semantic memory, verbal prompts should not be used (Bouchard et
al., 2012; Van Tassel et al. 2011). Collected MMSE scores did not offer exact information
about the nature of dementia the participant had. However, an inability to recognize
different objects with only verbal prompts was observed as their location had to be
pointed out to the seniors. The prompting strategies for presenting the instructions have to
be researched more in future studies.
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Appendix A. Error types from previous research
Errors

Description of the error

1.

Omission

Forgetting to do some steps

2.

Reversal/Sequence
error

Confusing the order of steps

3.

Action addition

Performing actions that are not
part of the task

Source
Schwartz et al., 2001
Schwartz et al., 1998A
Schwartz et al., 2001
Schwartz et al., 1998A
Schwartz et al., 2001
Schwartz et al., 1998A

4.

Gesture substitution

Using the right object with a
wrong gesture

Schwartz et al., 2001
Schwartz et al., 1998A

5.

Spatial
misorientation

For example grasping the wrong Schwartz et al., 2001
end of an object
Schwartz et al., 1998A

6.

Tool omission

Forgetting to use tool

7.

Quality errors

8.

Spatial
misestimation

9.

Object substitution

10. Place substitutions
11.

Instrumental
substitutions

12. Faulty execution
13. Independent acts
14. Toying
15. Intrusion
16. Repetition
17. Identifying
18. Locating
19. Inactivity
Appliance
20.
operation

For example pouring too much
of oil
Estimating spatial relationships
between objects incorrectly
Substituting one object with
another
Placing an object into wrong
place
Substituting one instrument or
tool with another
For example opening of a sugar
packet only partially
Performing actions that are not
part of the task
Making gestures with object,
without having any goal
Alternate action preventing the
completion of the task
Repeating an action needlessly
Inability to find the correct
object that is on the workstation
Inability to find an object that is
in a cupboard or drawer
Remaining inactive
Inability to use appliances in a
right way

Schwartz et al., 2001
Schwartz et al., 1998A
Schwartz et al., 2001
Schwartz et al., 1998A
Schwartz et al., 1998A
Schwartz et al., 2001;
Schwartz et al., 1998A
Schwartz et al., 1991;
Schwartz et al., 1995
Schwartz et al., 1991;
Schwartz et al., 1995
Schwartz et al., 1991;
Schwartz et al., 1995
Schwartz et al., 1991;
Schwartz et al., 1995
Schwartz et al., 1991;
Schwartz et al., 1995
Schwartz et al., 1991;
Schwartz et al., 1995;
Wherton, 2008
Wherton, 2008
Wherton, 2008
Wherton, 2008
Wherton, 2008
Wherton, 2008
Wherton, 2008
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Appendix B. Recipe as it was given to test participants

Ingredients
1.5dl
porridge rice
1l
milk
1
tbsp. oil
0.5
tsp salt
butter
Instructions:
1. Set the oven temperature to 150
degrees
2. Butter the casserole
3. Add 1.5dl of rice to the casserole
4. Add 1l of milk to the casserole
5. Add 1tbsp of oil to the casserole
6. Add 0.5tsp of salt to the casserole
7. Mix the ingredients
8. Cook at 150 degrees for
approximately 1.5h
9. Put a piece of foil on the casserole if
the surface starts to burn
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Appendix C. Workflow process model for cooking
porridge
2. Preheat the oven to 150 degrees Celsius
a. Move: Move to the oven
b. Alter: Twist the oven knob to 150 degrees Celsius
c. Alter: Switch the oven on
3. Butter a casserole
a. Move: Move to the workstation
b. Take: Take butter
c. Alter: Open the butter
d. Take: Take a butter knife
e. Move: Scoop the butter with the knife
f. Move: Move the butter into the casserole from the knife
g. Give: Place the butter on the workstation
h. Alter: Spread the butter into the casserole
i. Give: Place the butter knife on the workstation
4. Measure the rice (1.5dl)
a. Take: Take rice
b. Alter: Open the rice bag
c. Give: Place the rice bag on the workstation
d. Take: Take a measuring cup
e. Move: Measure 1.5dl rice into the measuring cup
5. Add the rice into the casserole
a. Move: Pour the rice into the casserole from the measuring cup
b. Give: Place the measuring cup on the workstation
6. Add the milk into the casserole (One milk carton holds 1l of milk, so measuring is not
necessary)

a. Take: Take a milk carton
b. Alter: Open the milk carton
c. Move: Pour the milk (1L) into the casserole
d. Give: Place the milk carton on the workstation
7. Measure the oil (1 tbsp.)
a. Take: Take the oil bottle
b. Alter: Open the oil bottle
c. Take: Take a tablespoon
d. Move: Measure the oil (1 tbsp.) into the tablespoon
e. Alter: Close the oil bottle
f. Give: Place the oil bottle on the workstation
8. Add the oil to the casserole
a. Move: Pour the oil into the casserole from the tablespoon
b. Give: Place the tablespoon on the workstation
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9. Measure the salt (0.5 tsp.)
a. Take: Take a salt bottle
b. Alter: Open the salt bottle
c. Take: Take a teaspoon
d. Move: Measure the salt (0.5 tsp.) into the teaspoon
e. Give: Place the salt bottle on the workstation
10. Add the salt into the casserole
a. Move: Pour the salt into the casserole from the teaspoon
b. Give: Place the teaspoon on the workstation
11. Mix the ingredients
a. Take: Take a spatula
b. Alter: Mix the ingredients with the spatula
c. Give: Place the spatula on the workstation
12. Place the casserole in the oven
Because of safety reasons, this step was omitted from the tests with seniors
a. Take: Take the casserole
b. Move: Move to the oven
c. Alter: Open the oven door
d. Move: Place the casserole into the oven
e. Alter: Close the oven door
13. Set the timer for 1.5 hours
a. Move: Move to the workstation
b. Take: Take an egg timer
c. Alter: Set the egg timer to ring in 1.5 hours
d. Give: Place the egg timer on the workstation
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Appendix D. Transcription of test with Leena
Actors: Leena (alias)
Leena: Age 70, MMSE 7
Prompts
Preheat the oven to 150
degrees Celsius
a. Preheat the oven to 150
degrees Celsius
b. Preheat the oven to 150
degrees Celsius

Action

Leena

-

-

Move

Move to the oven

Alter

Twist the oven knob to
150 degrees Celsius

Alter

Switch the oven on

Error

1.

c. Switch the oven on
2.

Appliance
operation
Appliance
operation

Butter a casserole

a. Butter a casserole

Move

b. Take casserole

Take
Give

c. Take butter
d. Take butter

Take
Give

e. Take butter (point)

Take
Give

f. Open butter

Take
Alter

g. Butter a casserole (point)

Move

h. Butter a casserole (repeated
twice due to question)
i. Take a butter knife
j. Take a butter knife
k. Spread butter into the
casserole with the butter
knife

Move to the
workstation
Take casserole from
workstation
Place casserole on
workstation
Take measuring cup
Place the measuring
cup on workstation
Take butter
Place butter on
workstation
Take butter
Open butter
Move away from
workstation

-

-

Take

Take a butter knife

Take

Take butter

Move
Give

Take butter with butter
knife
Place butter on
workstation

Intrusion

Omission
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Move
Alter
Measure and add the rice
(1.5dl )
a. Measure the rice (1.5dl) into
the casserole
b. Measure the rice (1.5dl) into
the casserole
c. Measure the rice (1.5dl)
(point)

Place butter in
casserole from butter
knife
Spread the butter into
the casserole

3.

-

-

-

-

Take

Take rice bag

Give
d. Take a measuring cup

Take
Give

e. Move next to casserole
f. Measure 1 dl rice

Take
Take
Move
-

g. Measure 1 dl rice

Give
Take

Researcher places measuring
Alter
cup on workstation
h. Measure 1dl rice (point)
Alter
i. Measure 1dl rice (point)
Alter
Move
j. Pour rice into the casserole

l. Pour rice into casserole
(point)
m. Pour rice into casserole
(point)
n. Place measuring cup on
workstation
o. Measure 0.5dl rice
p. Take rice bag (point)
q. Measure 0.5dl rice (point)
r. Measure 0.5dl rice (point)

Open rice bag

Alter
Alter
Move
Alter
-

-

-

-

Give
k. Measure rice (1.5dl) (point)

Places rice bag on
workstation
Take a measuring cup
Place measuring cup on
table
Take rice bag
Take measuring cup
Move next to casserole
Places measuring cup
on table
Take rice bag
Close rice bag
Open rice bag
Measure rice
Pours rice back into the
rice bag
Place measuring cup on
workstation
Close rice bag
Open rice bag
Measure rice
Close rice bag

Move

Move
Take
Give
Take

Inactivity

Pour rice (1dl) into
casserole
Take rice bag
Place rice bag on
workstation
Take measuring cup

Omission
Intrusion
Intrusion

Repeating
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Give
Take
Alter
Take
Move
Move
Give
s. Measure 0.5dl rice (point)

t. Pour rice into casserole
(point)

Alter
Alter
Take
Move
Move
Give
Alter
Move

e. Pour rice into casserole from
Move
measuring cup (point)
f. Pour rice into casserole from
measuring cup (point)
Take
(repeated twice due to
question)
Move
Give
14. Add milk
a. Pour the milk (1l) into the
casserole (point)
b. Pour the milk (1l) into the
casserole

Place measuring cup on
workstation
Take rice bag
Open rice bag
Take measuring cup
Measure rice
Pour rice back to rice
Intrusion
bag
Place measuring cup on
workstation
Close rice bag
Repeating
Open rice bag
Take measuring cup
Measure rice
Cleans rice seeds from
workstation to rice bag Intrusion
Place measuring cup on
workstation
Close rice bag
Read and move
Toying
nametags around
Move net to casserole
Intrusion
with rice bag
Take measuring cup
Pour rice into casserole
Place measuring cup on
workstation

-

-

Take

Take plastic bowl

Toying

Places plastic bowl on
workstation
Take
Take measuring cup
Toying
Place measuring cup on
Give
workstation
c. Take a milk carton (point)
Take
Take butter
Intrusion
Place butter on
Give
workstation
d. Take a milk carton (point)
Take
Take measuring cup
Repeating
Place measuring cup on
Give
workstation
Rest of transcript was cut out because of its length
Give

Rest of the transcript available upon a request
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Appendix E. Transcription of test with Matti
Actors: Matti (alias)
Matti: Age 61, MMSE 7
Prompts
Action
1. Preheat the oven to 150 degrees Celsius
a. Preheat the oven to 150
degrees Celsius
b. Move to the oven
c. Move to the oven (point)
Move
d. Twist the oven knob to 150
Alter
degrees Celsius (point)
e. Switch the oven on (point)
2. Butter a casserole
a. Butter a casserole
b. Butter a casserole
c. Butter a casserole (point)
d. Take butter
e. Take butter (point)

Move to the oven
Twist the oven knob to
150 degrees Celsius
Switch the oven on

Move
Take
Take
Alter

Move to the workstation
-

Take
Move
Alter

3. Measure and add the rice (1.5dl )
a. Measure the rice (1.5dl) into
Take
the casserole
b. Place the butter knife on the
Give
workstation
c. Measure 1.5dl rice into the
Take
measuring cup
Give
d. Take a measuring cup

Move

e. Take a measuring cup
(point )

Move
Take

Error

-

Alter

Give
f. Take a butter knife (point)
and Spread the butter into the
casserole

Matti

Inactivity
Appliance
operation
Appliance
operation

Inactivity
Take butter
Open the butter
Place the butter on the
workstation

Identifying
Omission

Take a butter knife
Move the butter into the
casserole from the knife
Spread the butter into
the casserole
Place the butter knife on
the workstation
Take the nametag of
casserole
Place the nametag of
casserole on the
workstation
Move the butter and the
nametag of around the
workstation
Move the nametag of
the casserole around
Take nametag of
measuring cup

Inactivity

Toying

Toying
Toying
Intrusion
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Gives the measuring cup to
participant
f. Measure 1.5dl rice into the
measuring cup
g. Take rice (point)
h. Take rice (point)

Give

Place the nametag of
measuring cup on the
workstation

Take

Take a measuring cup

-

-

Take

Take an oil bottle
Place the oil bottle into
the casserole
Move the nametags
around

Intrusion

Take

-

Inactivity

Take

Take the rice bag

Give
Move

i. Measure 1.5dl rice into the
measuring cup (point)
j. Take rice (point)
Moves the measuring cup
closer

Move
Give
Move

Adds 1dl of rice to the
casserole. Measures 0.5dl rice Take
and gives it to participant
k. Place the rice bag on the
workstation

Move
Alter

4. Add the milk into the casserole
a. Pour the milk (1l) into the
Give
casserole
Take
b. Pour the milk (1l) into the
casserole
c. Take a milk carton (point)
d. Take a milk carton (point)
Take
Alter
e. Pour the milk (1l) into the
Move
casserole
Give
Move
Pours the rest of milk,
because of the participants
physical restrictions
5. Measure and add the oil (1 tbsp.)
a. Measure the oil (1 tbsp.)
b. Measure the oil (1 tbsp.)
Take
Alter

Researcher
intervention

Intrusion
Toying

Identifying
Pour the rice into plastic
Researcher
bowl
intervention
Place the rice bag on the
workstation
Move the nametags
Toying
around
Take a measuring cup
Pour the rice into the
casserole from the
measuring cup
Stir the rice with the
measuring cup

Researcher
intervention

Intrusion

Place the measuring cup
on the workstation
Reaches for the oil
Identifying
Take a milk carton
Open the milk carton
Pour the milk (1l) into
the casserole
Give the milk bottle to
researcher
Move the nametags
around

Identifying
Intrusion

Toying

Take the oil bottle
Open the oil bottle

Intrusion
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c. Take a tablespoon
Take
d. Measure the oil (1 tbsp.) into
Move
the tablespoon
e. Pour the oil into the casserole
Move
from the tablespoon
f. Place the oil bottle on the
Give
workstation
6. Measure and add the salt (0.5 tsp.)
a. Measure the salt (0.5 tsp.) into
Take
the teaspoon
b. Take a teaspoon
Take
c. Take a salt bottle
d. Take a salt bottle (point)
Give
Take
Move
Take
Move

-

Omission

Pour the oil straight
from the bottle
Place the oil bottle on
the workstation
Take a measuring cup

Intrusion

Intrusion

Take a teaspoon
Place the measuring cup
on the workstation
Omission
Take a salt bottle
Pour the salt straight
Intrusion
from the salt bottle

7. Mix the ingredients
a. Mix the ingredients

Alter
Give
Give

8. Place the casserole in the oven
Because of safety reasons,
this step was omitted from the
tests with seniors
9. Set the timer for 1.5 hours
a. Set the egg timer to ring in 1
Take
hour
b. Take an egg timer (point)
Take
c. Set the egg timer to ring in 1
hour

d. Set the egg timer to ring

Mix the ingredients with
Intrusion
the teaspoon
Place the salt bottle on
the workstation
Place the teaspoon on
the workstation
-

Take the oil bottle

Intrusion

Take an egg timer
-

Give

Place the egg timer on
the workstation

Alter

Set the egg timer to ring

Appliance
operation
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Appendix F. Transcription of test with Pekka
Actors: Pekka (alias)
Pekka: Age 69, MMSE 11
Prompts
Action
1. Preheat the oven to 150 degrees Celsius
a. Move to the oven
Move
b. Twist the oven knob to 150
degrees Celsius
c. Twist the oven knob to 150
Alter
degrees Celsius (point)
d. Twist the oven knob to 150
Alter
degrees Celsius
e. Switch the oven on
f. Switch the oven on
g. Switch the oven on (point)
2. Butter a casserole
a. Move to the workstation
b. Take butter
c. Take butter (point)
d. Take butter

Error

Move to the oven
Twist the oven knob to
150 degrees Celsius
Twist the oven knob to
150 degrees Celsius
-

Appliance
operation
Appliance
operation
Appliance
operation

Alter

Switch the oven on

Move
Take
Alter

Move to the workstation
Take butter
Identifying
Place the butter on the
workstation
Open the butter

Take

Take a butter knife

Move

Move the butter into the
casserole from the knife

Alter

Spread the butter into
the casserole

Give
e. Open the butter
f. Take a butter knife (repeated
twice due to question )
g. Move the butter into the
casserole from the knife
h. Spread the butter into the
casserole (repeated twice
due to question)

Pekka

Repeating
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3. Measure and add the rice (1.5dl )
a. Take the rice bag (repeated
twice due to question)
b. Take the rice bag (point)
c. Take the rice bag (point)
Take
d. Take a measuring cup
e. Place the butter knife on the
Give
workstation
f. Take a measuring cup
Take
(point)
g. Measure 1.5dl rice into the
Alter
measuring cup
Move
h. Pour the rice into the
casserole from the
measuring cup
i. Measure 1dl rice into the
measuring cup

Move
Move
Move

j. Measure 0.5dl rice into the
measuring cup

Move
Move

k. Place the measuring cup on
Give
the workstation
l. Place the rice bag on the
Give
workstation
4. Add the milk into the casserole
a. Take a milk carton
Take

Take the rice bag
Identifying
Place the butter knife on
the workstation
Take a measuring cup

Measure 0.5dl rice into
Omission
the measuring cup
Pour the rice into the
casserole from the
measuring cup
Measure 0.5dl rice into
Omission
the measuring cup
Pour the rice into the
casserole from the
measuring cup
Measure 0.5dl rice into
Omission
the measuring cup
Pour the rice into the
casserole from the
measuring cup
Place the measuring cup
on the workstation
Place the rice bag on the
workstation

Alter
-

-

Move
Give

Inactivity

Open the rice bag

Take a milk carton
Place the milk carton on
the workstation
Open the milk carton

Give
b. Open the milk carton
c. Researcher opened the milk
carton because the physical
restrictions of the senior
d. Pour the milk (1l) into the
casserole

-

Pour the milk (1l) into
the casserole
Place the milk carton on
the workstation
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5. Measure and add the oil (1 tbsp.)
a. Take the oil bottle
b. Take the oil bottle (point)
Take
c. Take a tablespoon
Take
Alter
d. Pour the oil (1 tbsp.) into
the casserole from the
Move
tablespoon
e. Close the oil bottle
Alter
Give
6. Measure and add the salt (0.5 tsp.)
a. Take a salt bottle
Take
b. Measure the salt (0.5 tsp.)
into the teaspoon
c. Take a teaspoon
d. Pour the salt (0.5 tsp.) into
the casserole from the
teaspoon

Take
Alter
Move
Alter
Give

7. Mix the ingredients
a. Take a spoon (repeated
twice due to question)
b. Take a spoon (point)
Take
c. Mix the ingredients with the
spatula (repeated twice due Alter
to question)
Give
8. Place the casserole in the oven
Because of safety reasons,
this step was omitted from
the tests with seniors
9. Set the timer for 1.5 hours
a. Take an egg timer
Take
b. Set the egg timer to ring in) Alter
Give

Take the oil bottle
Open the oil bottle
Pour the oil into the
casserole straight from
the bottle
Close the oil bottle
Place the oil bottle on
the workstation

Identifying
Omission
Intrusion
Intrusion

Take a salt bottle
Open the salt bottle (not
successful)
Omission
Open the salt bottle
Pour the salt into the
casserole straight from
Intrusion
the bottle
Close the salt bottle
Place the salt on the
workstation
Take a spoon
Mix the ingredients with
the spoon
Place the spoon on the
workstation

Take an egg timer
Set the egg timer to ring
Place the egg timer on
the workstation

Identifying

