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Executive Summary

The overall aim of this deliverable concerns the detailed analysis of users' needs
and expectations, toward establishing the user requirements for the RAMCIP

robot and defining the projectds target use cases.

I'n this scope, we investigated usersé6 daily 1ife |
collect reliable information that could drive the design and development of the
RAMCIP robot. To achieve this we applied a metho dology that mainly involved

three different approaches: literature review, moderated group discussions and
guestionnaire -based surveys.

Specifically, the first step of our methodology concerned the identification of our
specific target group and the detai led definition of criteria that will allow us to find
potential users. Then, we analyzed the characteristics of this particular user group

in order to draft a large list of potential everyday life difficulties to which a service

robot like RAMCIP could ass ist, as well as issues related to user acceptance and
further aspects of such a solution. We achieved these by consulting the relevant

state -of-the-ar t |, establishing collaboration with the pr
Group (EAG), using the experience gaine d from previous research projects and

conducting structured workshops with medical personnel and caregivers. We

subsequently performed questionnaire -based surveys.

The surveys were conducted simultaneously in Poland and Spain with three target
groups: medi cal personnel, caregivers and potential users of the RAMCIP robot.
We investigated most common problems of older persons with MCI and at early
stages of AD, concerning the execution of domestic activities, social acceptance of

human -robot interactions,pre f erred robotds appearance and safety

The multimodal approach allowed detailed assessment and led to the
development of the list of desirable user requirements for the RAMCIP robotic

system. The identified user requirements were classified int o the following
categories: high -level robot functional requirements, human -robot interaction,
usability and acceptance of robotic assistant. Furthermore, the requirements have

been prioritized based on their importance value, as derived by the workshop an d

survey participantsé responses and accounting for
criteria.

On the basis of the user requirements analysis, the definition and breakdown of

the RAMCIP use cases has been conducted; i.e. the user -orientated scenarios that

shall dri ve t he projectos research and devel opment
Starting from high  -level use cases related to both the RAMCIP overall vision and

the workshop/ surveys analyses, we broke down each use case in Aesb caseso

and each sub -use case was a nalysed in detail to allow us identify the operational

and environmental conditions, success criteria and technical/feasibility

challenges; the latter, technical feasibility analysis, is reported as part of the

functional analysis of the RAMCIP robot in th e del i verabl e D2. 2 iTech
Specificationso.

At this point, it should be underlined that the prioritization of user needs reported

herein, drives the establishment of the overall implementation plan that is

foreseen for RAMCIP, which will be reported in D2.3. Specifically, as will be

further analysed in D2.3, our plan will focus on addressing those robot functional
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requirements that are needed for establishing first the high priority sub use

cases, and subsequently, related high priority user needs. The implementation of
robot functional requirements related to the lower priority sub use cases and

related user requirements will follow.

By taking into account the most dominant relationships of each sub -use case to

the user requirements, we concluded this u se case elicitation process by deriving

a prioritized list of sub use cases, in terms of #fh
As a result, we defined the grounds on which research and development of the

RAMCIP system shall build upon the most important use r requirements in priority.

Through the above, the D2.1 deliverable is a first and important step in system
functionality preparation. It serves as the background for the establishment of the
User-Centred -Design (UCD) oriented research and development effo rts that are
foreseen in the further steps of the project. More s pecifically, UCD was used to
identify the RAMCIP system from a technological point of view in order to fully

address task priority, driving the system design from a user -centric perspective.
The results of the latter will be reported in D2.2 and D2.3.

Finally, it should be noted that a series of Annexes are provided in the end of the
deliverable, related to the inclusion/exclusion criteria of the target end users of

the RAMCIP project, the inf  ormed consent and the procedures of the workshops,
as well as the questionnaires that were used in the scope of the user surveys to
conclude the deliverable.
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1. Introduction

The ARobotic Assistant for Mild Cogni RAMCH)
project focuses on the European elderly generation, and more in particular on the

domestic support of older people with mild cognitive impair ment (MCI) or at early
dementia (Alzheimer Disease  -AD) stages, coming in line to the growing demand
for elderly care solutions. Due to advancements in health care in the recent

decades, the life expectancy of the population has prolonged and in this scope,
maintaining quality of life and allowing the older person with MCI and with
evolving dementia to remain at home is a true challenge. The duty of care
typically resides on family members or caregivers, posing significant burden on

them.

However, recent ad vances in science and assistive technologies open up new
opportunities. The combination of already existing solutions with specified target

group requirements, can set new paths toward the development of future service

robots, capable of providing effectiv e assistance in the daily life of MCI patients at
home.

Along this line, RAMCIP aims to research and develop a novel robotic assistant to

help elderly people to cope with challenges in their everyday life challenges in

their natural home environment. The p rojectds research is
people suffering from mild cognitive impairment and at early stages of dementia.

At these stages, people do not realize their limitations and are at high risk of

being engaged in hazardous events.

1.1. Project goal an d vision

RAMCIP is a research project working toward the future development of a new
generation of robotic assistants capable of increasing the quality of life of elderly

people suffering from MCI and in early stages of dementia (mild AD). Since there

is a growing population of older persons in Europe, the RAMCIP project is in line

with the ever increasing social challenges related to the provision of proactive and
discreet assistance to our target groups, especially when memory problems or

motor dysfunctio ns disturb them in daily routine -home activities. One of the
major goals is to prolong users independence and help in assistive care.

The research of the RAMCIP project focuses on a series of domains of the target
usersod6 | ife which mi ghstreetbaad transganent assistadce bfwa d
domestic service robot. According to the project vision, future robots in the

service of MCI patients at home should act as a proactive and discreet assistant

capable to support the user in a series of aspects of her /his dally life e.g. by
providing assistance in food preparation, dressing activities, household keeping,
maintaining safety of the home environment, whereas at the same time, they

should assist the user in avoiding mental as well as physical decline throu gh
regular cognitive and physical exercises.

Additionally, such robotic systems should assist in medication intake activities and
stimulate a user to stay socially active by keeping them in touch with their family

| mpair mer

targeted

and friends. In addition, such robots sho uld offer a help in wuserds
activities. What brings the vision of the RAMCIP project a further step beyond the

state of art of related robotic systems, is its capability to learn the daily habits

and routines of their user and the ability to modi fy the robotdés | evel of
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(to work proactively or on demand) to the current need, on the basis of high -level
cognitive functions including emotional and gestural recognitions.

In the scope of the RAMCIP vision, such future service robots shall us e different
channels for effective communication with the user. They will be also skilled to

establish advanced manipulations including fetching (grasping and bringing)

highly -placed items or picking up fallen objects and more complex physical
contact. The correlation among all aspects of the RAMCIP vision is presented in

the following figure.

Food preparation Eating activities Dressing activities

Lower-bod
y . Taking medication
treatment activities

ASSIST IN...

xercising cognitive
and physical skills

High-level cognitive functions
Human Robot ; .
. i Safe Manipulations
Home Environment Communication
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Figure 1. Overview of the RAMCIP vision of future service robots for MCI patients
at home

In the scope of the above vision, the main obje ctives of RAMCIP project are:

1) To develop a service robot that will be capable of robustly understanding
actions, compl ex activities and behavi
home

2) To develop a service robot that will provide proactive, discreet and op timal

assistance to the user
3) Establishment of advanced communication channels between the user and

the robot

4) Establishment advanced physical interaction between the robot and home
environment

5) Establishment of assistance activities involving physical intera ction

between the robot and the user

1.2. Scope of the deliverable

The purpose of the present deliverable is to report the user needs and
expectations from the RAMCIP robot and describe the user requirements as well

as the RAMCIP project use cases that derived from the conducted analysis. In this
scope, the present deliverable reports the results of the user requirement
collection and analysis performed with the aim to identify the requirements and
expectations of the RAMCIP target user group (MCI and at early AD) with respect
to the RAMCIP robot and identify expected use cases of RAMCIP in the context of
everyday activities of this user group. Finally a prioritization of use cases was
performed based on the criteria of related user requirements importance value ,
user acceptance and usability.
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1.3. Relation to other deliverables

The present deliverable will provide the basis for defining the robot system
architecture and technical specifications which will be reported in D2.3 (M8) and

D2.2 (M6) respectively. Specific ally D2.2 deals with mapping the user
requirements onto specific robotic skills, to identify the operational and
performance constraints set by these requirements and harmonize them with
state -of-the -art software and hardware necessary to build the RAMCIP platform.
Also D2.2 will identify possible technical risks and propose contingency plans so

that user expectations will not be compromised. Finally, D2.3, apart from
designing the overall architecture of the RAMCIP robot, will analyze the technical
require ments in respect to preliminary application scenarios, trying to cover the
breadth of use -cases defined in this deliverable. In this scope, D2.3 will also
establish the implementation plan of the various modules of the RAMCIP system,

as a basis to orchestr ate project efforts toward addressing high priority use cases

on time.

1.4. Deliverable structure
In the following of this deliverable:

Chapter 2 provides an overview of the main characteristics and typical problems
that elderly people face in their daily life , focusing on those with MCI and at early
AD stages that formulate the primary target user group of the project.

Chapter 3 examines the ecosystem of the RAMCIP robot, by providing an

overview of available assistive technology achievements and indicating t he
positioning of the projectbés envisioned robot in th
patient 1 caregiver context.

Chapter 4 first describes the methodology that was followed for analysing user
requirements in the given context of the RAMCIP project, p resents the research
guestions that drove the T2.1 research efforts and continues by analytically
describing the outcomes of the different approaches followed in the context of our

adopted methodology, i.e. literature survey, moderated focus group discussi ons
and questionnaire -based surveys.

These outcomes led to the specification of the RAMCIP user requirements; the
prioritized list of the RAMCIP user requirements is presented at Chapter 5, on the
basis of their importance value as derived from the worksh ops and surveys.

Finally, Chapter 6 describes the results of the analysis that were made towards
defining the use cases of the RAMCIP project; in line with the project vision and

following the outcomes of the user requirements analysis, a series of high -level
use cases were defined, which were broken down in the context of the T2.1
project activities, iursteo cmarsiesroi, t iiz.ea-oriéreepidoc i f i C go

scenarios that can drive the specification, design and development of the robot of
the RAMCIP pr oject.

This deliverable concludes with a series of Annexes related to the
inclusion/exclusion criteria of the target end users of the RAMCIP project, the
informed consent and the procedures of the workshops, as well as the
questionnaires that were used in the scope of the user surveys conclude the
deliverable.
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2. Main target users of RAMCIP

2.1. Process of ageing

Ageing is an inevitable course of human life connected with multiple physiological

and biochemical processes in the body, especially in the brain [1, 2, 3,109 -111,
113, 115, 120, 132-134, 161] . Therefore it is typically associated with physical
and cognitive declines , altering the way an older person behave, moves around

the house, manipulates objects and senses the surrounding home environment.

Impact o f ageing society is critical to the world. WHO in its report from 2012
alarms about growing population of elderly people. [4] Statistics show that there

were 35.6 million elderly people in 2010. There is growing tendency and there will

be doubled (65.7 mil lion) by 2030 and 115.4 million by 2050. United Nations
presented updated report from 2013, which confirms this worldwide tendency.[5]

The number of older persons (aged 60 years or over) grew from 9.2 per cent in

1990 to 11.7 per cent in 2013. This figure is predicted to increase to 21.1 per
cent by 2050. Globally, in other words, the number of older persons is expected

to be more than double from 841 million people in 2013 to more than 2 billion in

2050.

Older adults are a rapidly growing group in all Eur opean countries. According to

Eurostats which provides current and foreseen demographic data the elderly aged

65 and over were represented by 17,9% of all EU -2806s popul ation. Mor eover
was observed the elderly population increase in comparison to prev ious year up

to 0,4% .[6] A few factors justify this situation: low birth rates , higher life

expectancy , and in upcoming years the post -war baby -boom generation will go to

retire. Figure 2 below presents the current s tatus from 2013 and expected change

in 2080 in the generations ratio. The characteristic pyramid -like shape will

transform into the block shape figure which narrowing in the middle part ( average

45-54 years). Till 2080 number of people aged 65 and over wil | increase to

28, 7% ofthe EU -286 popul ati on, whereas in 2013The hey accol
EU-2 8 6 s -agel dépendency ratio will probably almost double from 27.5 % in

2013 t0 51.0 % by 2080. The total age dependency ratio is expected to rise from

51.1 %in 2013to77.9 % by 2080.

Due to normal physical changes connected with normal ageing process some of

the everyday actions are performed relatively slower and with less precision. On

the other hand some activities involving using significant physical streng th are no
longer available for the elderly people [109 -111, 131-134]. Extended family
system is no longer popular in nowadays society and most of the elderly people

live alone which is why most of their problems are unseen.
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Figure 2. Population pyramids, EU -28, 2013 and 2080 (1) (% of the total
population)
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Chronic conditions and health issues of elderly people can result into: movement

disorders (e.g. osteoarthritis, rheumatoid arthritis, osteoporosis, hip fracture),

sensor y impairment, senses deterioration such as vision or hearing problems.[7,

8,9] Older adults have difficulty with execution of complex tasks from activities of
daily living (ADL) e.g. grooming, cooking, hygienic procedures, dressing up,
preparing meals, sh opping. [10,11] Moreover, the elderly are in high risk of

mental decline. Behavioural changes commonly observed through ageing include
forgetfulness, personality alteration, and mood disorders. [12] Decision -making
process, solving everyday problems, and g eneral apathy leading to depression
may be observed.[13] These issues pose negative effects on the capacity of older

persons to execute daily home activities on their own. In fact, these problems are

more significantly pronounced for persons with MCI or AD because they can
strongly affect their safety, emotional health, social interactions and
independency.

It is an enormous challenge and responsibility for the society due to increased

demand for support and interdisciplinary care in the elderly group in near future.
The existing protection system demands reorganization and preparation for
unavoidable situation.[4]

To conclude, aging increases the need for more often and thorough health and

mental state examination. Each elderly person needs personalised c are and
attention because of the risk of depression and sense of social rejection.
Intelligent assistive devices might become ideal companions for elderly which

support and monitor user status, and maintaining regular social relations.
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Dissemination Level (PU)

2.2. RAMCIP target user group characteristics

The main target group of RAMCIP concerns elderly people with MCI and first

stages of Alzheimer's Disease. Both MCI and Alzheimer disease criteria are
Recommendations from the National Institute on Aging T
Alzheimer's  Association workgroups on diagnostic guidelines for Alzheimer's
disease." Alzheimer's & Dementia. [14, 15] A patient suffering from dementia has
cognitive loss in the following domains: memory, language,

described in the

orientation and judgment. According to

643433 T RAMCIP

calculations,

the WHO, dementia is a big burden for

society, especially caregivers and family members and is one of the most

important factors for disability and dependency in elderly population. It is
estimated that there is 47.5 million people  worldwide with dementia , new 7.7
million people with cognitive decline and one new case per every 4 seconds. [4] In

2012 WHO

confirms the importance of this phenomenon.

released a report titled

increase in prevalence of AD worldwide [4, 194] .

: fiDement i

The more recent data shows an

In the clinical practice, several scales evaluating level of mental deterioration are
used, out of which the Mini Mental State examination (MMSE), the Global

Deterioration Scale

(GDS) -introduced by Dr. Barry Reisberg , al

Dementia Rating (CRD) are the most common screening tools. [17, 18, 19

MCI and early AD patients have MMSE score of 20 -26 (depending on

education). According to GDS scale primary end

Mild cognitive decline (Mild Cognitive Impairment) and at level
cognitive decline (Mild Dementia) for mild AD. And in CRD scale end
-1 grade. The diagnosis should be made after careful and

placed between 0,5
detailed interview.

2.2.1 Mai n target group of the RAMCIP robot

All along European countries the lowering birth

population is a rising tendency. [6] According to WHO reports [4,
percentage of the people assumed as old (>65 years old) was

countries. Within this group 17,5% was 65 -85 years old and
12% more than 85 years old. [4]

The risk of Alzheimer's disease is growing with age, and is 1 -3% i
-35% in group older than 85 years old [ 20, 21, 22, 23]
According to WHO estimations, 6,2% of Europeans suffer from AD. [23] In 70%

of them are looked after by the closest members of the family, who in majority

are women. Most of them are not able to work which on one hand leads to
anxiety , depression and burden in caregivers and on the other hand influences

the economy and has huge impact on society [24, 25, 26, 27]

among all European

year -olds, but 25

nd the Clinical
, 22]
their level of

-users are classified at level 3.for

4. Moderate
-users are

-rate and the process of eldering

159] the total
29,5% in 2011

n group 60 -70

Memory impairment and other, both not so profound, are also observed in the

healthy elderly people. It is estimated that 15 -30 % of the people older than 60
years old suffer from MCI (Mild Cognitive Impairment). Among healthy elderly

people age -associated memory impairment has been recorded in 52% of 60 -69
year -olds and 85% among people older than 85 [111,143]

More specifica lly,
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although studies indicated during the past decade MCI
prevalence to be converging at around 5% of the general population with around
15% per year going on to develop dementia [16] , more

17

recent works
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demonstrate significantly increased MCI prevalence n umbers. In 2014, the
analysis of major population -based studies revealed an average prevalence of
MCI at the level of 18.9% for elderly populations [165] . This analysis was based
on studies with a high variance in their results (e.g. from 7.7% up to 42%),

which were obtained from subjects of different age ranges in different countries,
nevertheless some results obtained from European populations are worth to be
mentioned. Indicatively, a prevalence at the level of 7.8% was reported in
Luxembourg (n=1377) on elderly at the age range of 65 -70 [20] , prevalence at
the level of 7.8% was found in Germany, on persons (n=4145) a t the 50 -80 age
range [200, 23] reported a prevalence of 7,7% in ltaly for elderly over 65
(n=1016), [54] reported a 42% level of prevalence in ltaly fo r elderly over 65
(n=6892) and  [158] reported 11,1% prevalence for elderly over the age of 75
(n=379). Another study in Italy [197] demonstrated 16.1% prevalence for elderly

at the 65 -84 age range (n=2830), whereas [198] found in Germany preval ence
of 19.3% in elderly between 75 -79 (n=980). Notably, studies in the USA bring
respective numbers at the level of 16 -25% [165] .

From the above works, a tendency of the MCI prevalence to be at a level over
15% in elderly populations is evident. Even by ¢ onsidering the 10% level of MCI
prevalence as a modest estimation toward the definition of the market size of

RAMCIP potential users from an exploitation perspective, this leads, given the fact

that the elderly (over 65) European (EU -28) population are est imated, according
to Eurostat 199, at the level of 94 million, to a market size of approximately 9.4

million people. Thus, even with modest calculations and taking into account that

(1) RAMCIP targets also users with MCI below the age of 65 (i.e. also pers ons
between 55 -65, who correspond to a further 12% of EU -28 population -61M-
according to Eurostat), as well as (2) RAMCIP also includes early AD patients in

its target population, it becomes clear that the target end users of the RAMCIP

robot formulate a  population at the level of over 15 million people.

Although the human caregiver paradigm will remain dominant for addressing the

needs of these people, the use of robotic aid technology is expected to be
increasing. Even if only 1/3 of the target populati on chooses a robotic aid
solution, RAMCIP still targets a market of significant size, at the level of 5 million

people, only within Europe.

RAMCIP main target group are the elderly people with MCI and first stages of AD.

In the scope of the RAMCIP project and its foreseen pilot trials, elderly people
would be assessed by a medical doctor and a psychologist and later qualified to
control and clinical group. Patients suffering from MCI and AD would be qualified

for the clinical group. Pair - matched normal gro up would be established. It is
crucial to assess the normal elderly person T robot interaction to decrease
potential problems connected with normal aging process and focusing on specific

to MCI/AD problems. Detailed inclusion and exclusion criteria are fou nd in Annex
I. The vast majority the elderly people as years pass suffer from different
coexisting diseases such as osteoporosis and other conditions influencing their

motor activities.

But not only somatic health becomes impaired, among people suffering from MCI
and age - related memory impairment performing certain everyday activities
becomes a struggle due to executive functions impairment. They know what they

want to do but they forget how to do it and supervision of their actions becomes
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of a great hel p [111, 161] . Multiple steps commands and more complex tasks
become impossible to perform because parts of the activities are skipped or
changed influencing the general outcome of the performed activity.

The RAMCIP research is targeted to facilitate the e veryday activities of elderly

people suffering from memory impairment due to MCI and Alzheimer's disease at

level as the main primary and direct target group, hereby ease their professional

or infor mal caregivers6 burden who tagetegrodphe seconda
for RAMCIP project.

2.2.2 Common daily life problems of the RAMCIP main
target user group

With the passing time healthy elderly people may develop MCI which influences

their everyday actions. Some of them do not realise the extent of the difficultie s
which can be for the first time noted by the professional during a medical consult.

Growing cognitive and behavioural difficulties impair their social interaction

causing their withdrawal and further deterioration. [28, 29]

The main observed problems in everyday life of MCI/AD patient are related with:
memory and learning impairment, deficit in attention span, executive functions,
language, lack of  coordination of the motor functions, and social withdrawal.
According to IDC -10 criteria: at least two of t he mentioned above functions
should be impaired to diagnose of probable Alzheimer's disease. [30]

Unfortunately our everyday life consists mostly of multistep activities, that is why

the overall functioning of the people suffering from MCI/AD is impaired. Poor
performance in such activities as grooming, cooking, moving outside of their
apartment or comfort zone and participating in social activities becomes very

difficult. And might be first demonstration which enables to differentiate healthy

older people from elderly with MCI. [31]

Another area which is influenced by the progressing disease is language (tip of

tongue phenomenon), its understanding and active use. Therefore people with

MCI are withdrawing from the social interactions because they do not wa nt to be
perceived as inadequate.

The more person forgets the more false positive recognitions of the strangers is
increasing the risk of becoming a victim of embezzlement. At the early stages of

the disease most of the family members are not aware of the growing problem
and the person is particularly prone to become a victim. That is why having the
possibility to check the real identity of the person with whom the patient is
interacting becomes of great value.

With passing years not only motor and cognit ive functions become impaired, the
general ability to process information becomes more difficult due to vision and
hearing impairment. According to WHO report 70% of the elderly people need
support in this area  [159] .

It is of great social interest to su pport everyday existence of the elderly people
suffering from MCI/AD in the areas mentioned above.

Daily life activities can be divided into Activities of Daily Living (ADL) such as
dressing up, using bathroom, climbing stairs and Instrumental Activities of Daily
Living (IADLs) such as housekeeping, preparing food, shopping) and they are part
of assessment system. Detection of functional deficits might be helpful in early
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identification of MCI or mild AD. Bppgnementsa | |y 2 | ADI
fami ly celebrations, vacations, festivals and medicine intake and management

and higher cognitive functions e.g. business affairs and other papers suggest

significant mental decline associated with medial temporal atrophy.[32, 33, 34]

Introducing the RAMCIP ro  bot may help to facilitate everyday life not only the

patients but their families and caregivers.

2.3. Psychosocial aspects on the functioning of
elderly people

As mentioned above, the percentage of the people defined as old (from young
elderly 65 -74 years old up to super centenarians), especially in the oldest age
group (more than 75 years old) is rapidly increasing worldwide. The growing need

for providing medical, physical and psychological care for this vast heterogenic
group is in the focus of attentio n of most highly developed countries due to the
excessive costs of support. But not all of the elderly residents would need such
intense help. The deterioration in the cognitive and physical functioning
connected with getting old can be described as:

1. Succe ssful ageing pattern
2. Normal ageing pattern
3. Diseased ageing pattern [109,180, 181].

The successful ageing group (8-10% of the general population of the elderly
people) stays active and independent mostly until they become so called oldest

old (older than 8 5 years old), and even then they require relatively little support,
mostly connected with carrying heavy objects. For this group, having an assistive
robot would be a chance for staying as independent and active (physically,
socially and cognitively) as wh en they were much younger.

The normal aging group , Which covers most of the general population of the
elderly persons, suffer from typical age -related problems such as: somatic
complains due to different medical conditions, age -related cognitive decline a nd

senses deterioration. This group needs moderate support, mostly provided by the
closest members of the family and General Practitioners. It is estimated that
almost 70% of the elderly people need some kind of aid such as walking sticks,
glasses or heari ng aids [4,159] . Just like the successful aging group, people in
this group would welcome help provided by an assistive robot. The nature of the
required help would be very similar but it should be provided earlier in time.

Both successful and normal aging group have similar needs for physical and
emotional support which increase year after year. Most of the elderly people are
able to look after themselves but they require support in more excessive

household jobs. They are able to fulfil most of their needs by themselves, such as
social contacts and emotional support gained from the relatives and friends.
On the other hand, the diseased ageing group requires larger amounts of

support due to its profound somatic or cognitive complains. This group consists of
the people suffering from cognitive impairments as well as from other somatic
diseases which make them unable to function independently. It is estimated that
a high percentage of the people of this group suffer from more than one serious
medical condition . Their everyday functioning is highly influenced by their
diseases and they require physical help much earlier than the groups mentioned
above. The use of an assistive robot would be of valuable help not only for the

elderly people of this group, but for their families as well.

One important challenge for the provision of assistive robots is the relatively low
level of technology acceptance among the elderly people. This subject is recently

in the focus of attention of scientists in many fields, but the r esults obtained are
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not conclusive and need more research. Most of the researchers underline the
existing correlation between age, general technical skills, familiarity with
technology and social influence on acceptance of technologies such as assistive
robots [195] . The oldest generation currently researched is not familiar with the
sophisticated IT solutions and presents higher fear of technology. However,
taking into consideration the fact that it will take quite some time for assistive

robots to become a mature scientific field and reach its full potential, the real
target group for the HRI during the years to come will gain more experience with
interactive technology and probably will develop higher technology acceptance.

The problems frequently highli ghted in the elderly population group could be split
into subcategories:
- Cognitive impairments
- Emotional and social withdrawal
Everyday functioning problems
Senses deterioration

Even a slight deterioration in one subcategory influences the other ones and
reduces the quality of life of the elderly person. Therefore , the provided
assistance should not only target the mostly impaired subcategory but also focus

on maintaining the relatively preserved ones at a constant level.

Age -associated memory impairments (AAMI) , which are mostly subjective
complains on cognitive functions decline, are vastly observed in the elderly user

group (up to 50% in 60 -69 year -olds group, but already 85% in more than 85
year -olds group) [110, 111, 125, 143] . Some of the AAMI cases a re followed by
brain tissue deterioration observed in neuroimaging, but on the most part they

are not connected with the results of psychological tests. Among the high
functioning group, usually persons with higher education level and still very

active, th e Einstein effect has been described [120] . These people report
cognitive impairments which are not detected in standard neuropsychologic
assessment although such impairments are present in their everyday functioning.

It can be explained by very efficient compensation mechanisms used by these
people.

Emotional and social withdrawal is mostly connected with the lowering mobility of

the person as well as sociological changes in the society structure. The
multigeneration type of family is nowadays taken over by a nuclear family pattern
which creates a generation gap and reduces the number of the closest relatives.

The economy of the developed countries has forced their residents to travel for

work which in turn reduced the already limited amount of social inte raction
between generations. The elder generation tries to overcome such void with peer
interaction but as the time goes by, the increased amount of deaths among their

closest friends, results into increased feelings of social exclusion. The enhanced
techn ology gives a chance to communicate with the remaining family members
regardless of their location but due to low self -esteem and restricted learning
mechanisms elderly people hardly ever use such channels of communication.

Everyday functioning problems o ccur due to lowered physical capability and
executive functions impairments. Within the normal and successful ageing group
only the physical inability has an impact on everyday functioning. Elderly people

are usually coping with housework and everyday prob lems by slowing the pace of
their actions. Providing them with a little help such as meals -on-wheels, incoming
nurses or caregivers is sufficient to maintain the previous independent
functioning.

The authors of the recent Wo r | fl94 A lurrdérime thed r 6 s Repor t
within European countries, the differences in the care provided to the elderly

residents are profound. The increasing and dominating institutionalized type of

care in the Western Europe is in opposition to home care provided by the non -
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off icial type of care in the Eastern Europe. The two distinctly different patterns of

care are a result of the economy in the different regions as well as the
demographic changes and particularly the decrease of the birth rate. The different

pattern of provid ed care creates a two -speed society. While in the
institutionalized help pattern there is inherent social contact with a wide group of

people, there is little contact with individual family members. The level of medical

care and professional therapy is hig her and the need for performing everyday
activities such as cooking, cleaning and shopping is lower. The exact opposite
pattern is observed in the Eastern Europe, where the non -institutionalized pattern
of care is dominating. Elderly people stay either wit h their children, or in their
own apartments but they are looked after by their children, if necessary. In both

cases, the main unfulfilled need is staying independent and not feeling (to be) a

burden to their families (economically, emotionally and physic ally).
It is estimated that almost 70% of the elderly people need different aids due to
senses deterioration [159, 132, 109] . Their majority suffers from disturbed

eyesight due to different medical conditions such as cataract and short or long

sightedness . The second most often deterioration is deafness. They both have

significant i mpact on the personds everyday functi
of the personds soci al interactions. It i s hard fo
depths of these impairmen  ts and they do not adjust their voice to the needs of

the elder generation. Not only the volume but also the pitch and the clarity of

speech is crucial for the correct understanding of the spoken language. Most of

the elderly people withdraw from the socia | contacts due to fear of inadequate

reactions, as well as fear of being mocked, fooled or used.

2.4. Neurodegenerational processes leading to
Al zhei mer 6s disease and their 1 mpac
cognitive functioning of the diseased person

Among the healthy people the fi rst neurodegeneration processes in the brain are
already visible from the early age of 20 -years -old. The intensity and speed of
their development is relatively low, but with the passage of time, their prevalence

is changing. It is estimated that 0,1% of th e total brain tissue loss (mass and
volume) is recorded among people 20 -60 years old every year but it increases to
0,3-0,5% per year after the 7 ™ decade of life [133, 132] . The age -related
neurodegenerating changes, so called subclinical structural brain disease (SSBD),
are present in 30 -100% cases of healthy elderly persons [110, 111, 125, 143] .In
spite of their objectively measured presence, their existence does not relatively

influence everyday functioning nor cognitive function levels of the elderly person.
This can be explained by existing compensating mechanisms, which until a certain

point are able to maintain an adequate level of effectiveness even if the person

suffers from SSBD. The observed changes may be related to the aforementioned

age -associated memory impairments (AAMI).

The changes observed in the diseased ageing group are much more profound.
They are wusually noticed earlier and develop faster. One example of
neurodegenerating di seases i s t he Al zhei mer 6s di
estimat ed to be at up to 4,34 % of the general population of people older than 60
years old [194] . The neurodegenerating processes observed in the course of the
disease are twofold: increased tissue loss (mass and volume) and existence of
pathological changes suc h as neurofibrillary tangles and amyloid plagues. The
typical location of the early neurodegenerative changes influences exact functions
which are observed as impaired in the neuropsychological assessment. The most
usual affected functions are: recent memo ry (remembering and recall), language
(anomic type of disorders), executive functions, judgement (of the general
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situation and their own condition - anosognosia), and sometimes personality and
behavioural changes. In the end, at the terminal stage of the di sease, the
changes become global and the patient is fully dependent.

2.5. Psychosocial functioning of people suffering
from MCI and mild AD

Elderly persons suffering from cognitive impairments belong to the diseased
ageing group. Most of them report the begin ning of their cognitive impairment
relatively early, when they retire or in some cases even earlier. Usually the
impairment is not detected by the family nor the co -workers until it becomes
moderate and the person is no longer able to compensate for it. In the beginning,
the person tries to hide the existing deficits. Depending on the underlining cause

such deficits may only refer to cognitive or emotional functioning, or to both.
Depression and bad mood is very often observed at the beginning of the
dement ing process. Dementia is noticed by the surrounding people relatively late

which results in the common misconception that a clean cut off point between

normal functioning and diseased one does exist. Unfortunately, for the diseased

person it is a slippery slope which starts relatively slow but has a steady
progression to a rapid and dramatic decline.

Similarly to the normal and successful ageing groups, the main problems and
needs of the diseased ageing group can be split into subcategories:

- Cognitive impa irments

- Emotional and social withdrawal

- Everyday functioning problems

- Senses deterioration

In comparison to the former groups, the needs and problems of the demented
persons are more profound.

The most obvious and profound problems are caused by the incre asing cognitive
impairments. At the subclinical phases of dementia the person usually hides the

deficits, which are usually not detected neither in medical nor in psychological

testing. The fear of disclosing them is overwhelming for some people and causes
withdraw al from any social activities. It is mostly accompanied with depression
symptoms. On the other hand, the high functioning group, mostly people with

higher education and broad social network, are aware of their deficits but these

deficits are denie d by their closest environment. This is called the Einstein effect,

where the real existing deficits are counterbalanced by high functioning of the

person.

The deterioration of senses is not only influenced by age -related processes but by
dementia as well . The perception of spoken language is becoming more and more
impaired due to the more restricted active vocabulary and abstract thinking. Most

of the demented people complain about their eye -sight which is just an excuse for
their sometimes unavoidable ne ed for reading with understanding. Such
complains may cause the misunderstandings and be the potential field for
misdemeanour.

Table 1. The cognitive functioning of the healthy/MCI/AD elderly person
Cognitive domain Healthy elder Iy MCI patient Early AD patient

Autobiographical Is fully aware of Is aware of who Is aware of who
memory who hel/she s, he/she is, their he/she is but their
their past, present past, present and present is not

and the future the future plans. remembered, and

Starts to have their past
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Working memory

Short -term
memory

Long -term
memory

Vocabulary
Active/passive

September 2015

Dissemination Level (PU)

plans

In comparison to

the younger
persons it is less
efficient but

usually th e elderly
person is working

slower though
during performing

an activity is able

to self -check

On average a n
older person is
able to remember
5+/ -2 items

Memories of the

past events are
relatively well
preserved, the
older ones are

better than more
recent ones

Active and passive
vocabulary is
characteristically

to the education

gained and
language skills
developed. No
profound
impairment is

24

problems with
remembering the
names of t he new
family members
like

grandchildren, in -

laws

The capacity of

the working
memory is very
restricted, the
MCI patient has
difficulty with
performing
multistep
commands from

the memory and
usually refuses to
take up a new
activity requiring
intense cognitive
effort

The MCI person

can remember 3 -

5 items, but
forgets them very
fast if they are
not connected
with the broader
context
emotionally
important for the
patient

Similarly to
healthy group,

the older
memories are well

preserved. The
person is not
entirely sure
about the

correctness of the
recent memories

Passive
vocabulary is at
the same stage as
the premorbid
vocabulary.
Person
occasionally
notices problems
with active

643433 T RAMCIP

memories start to
fade away and
distort

The capacity of

the working
memory is very
restricted, the

patient is no
longer able to use
external ques.
Needs constant
supervision  and
providing one
step commands.

As MCI patient,
instant memory is
preserved
(immediate
repetition) but no
recollection is
possible

Only the past
memories are

preserved. Patient
has difficulties in
placing them in
time perspective.

Passive
vocabulary is
decreased but the
person is still able
to use context as
a clue. Active
vocabulary
depends on the
premorbid level of
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Attention span

Writing / reading

Dissemination Level (PU)

visible.

On average is
shorter than th

younger  person,
but due to slower
processing the
person is able to
self -check the
activity performed

Usually requires
glasses but has no
problems with
understanding the
written text. The

e

vocabulary,
usually is more
restricted,
sentences are
shorter an d
patient literally
interprets the
communicates.

Is shorter than
the aged -matched
person, but due
to slower
processing the
person is able to
self-check the

activity performed

Due to shorter
attention span
finds the activity
as more tiring. Is
able to write and

643433 T RAMCIP

the language
gained.
The growing

memory proble ms
interfere with the

self-check phase.
The person is
unable to come
back to the
previous action

without a
reminders.

Visible difficulties
with reading with
understanding,

even the general
information. Is

function is strictly read with  able to write, but
connected wi ththe understanding. it is mostly
level of education automated

gained function.

The growing dependency of the person due to cognitive impairment influences the
remaining fields of life such as social interactions and emotional wellbeing.
Depending on the relationships between the elder and the first -han d caregiver the
person may not feel social or emotional rejection but only if the person has full

trust to the caregiver. Even a slight shade of a doubt can disturb such
relationship.

As mentioned before, even a slight decrease of the level of functioning

the fields (cognitive, emotional and social, everyday functioning, and senses
deterioration) has a major impact on the remaining ones and the quality of life of
the person. In case of the MCI patient the cognitive impairments influence the
remai ning ones but still are rather isolated. Whether in AD patients cognitive
impairments influence profoundly execution of the following fields.

in one of

Table 2.
functioning

Differences between healthy/MCI/AD patients in everyday

Healthy e Iderly MCI patient Early AD patient
Orientation He/she is aware Minor problems He/she is aware

about the time, with  time are about him/herself.

place and his/her observed, usually Problems with

own state is able to use the time and place are
clues provided. obvious to the
He/she is aware surrounding
about the place people

and him/herself
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Judgement and
problems
solving

Household
duties

Hygiene

Social events

Dissemination Level (PU)

Is able to correctly
estimate the
potential hazard

Is able to look
after Him/herself
or require
relatively little help

Is  mostly fully
independent or
require relatively
little help
Depends on the
character and
individual
preferences

Able to perform it
independently

Has difficulties in
establishing  the
reality of potential
hazard, usually in
theory kno ws
what to do but

faced with the
problem has
difficulties with
solving the
problem

Requires help

such as meals -on-
wheels, day care
nurse

Requires relatively
littte help, mostly
reminding of
performing certain
activities

Usually isolates
him/he rself
because of fear of
being perceived as
inadequate,
mocked or fooled

Gives up the
hobby if it is too
complicated  (for
example: card

games, scrabble)

643433 T RAMCIP

The judgement
and solving the
problems are

impaired. Even if
he/she would give

the correct
solution in real life

he/she cannot
react in the proper

way

Needs supervision
in performing daily
life activities,
sometimes even a
physical help is
needed

Requires constant
reminding,
sometimes
physical help

Likes to be with
the other
company but
usually is passive,

as well as MCI
dominating is the
fear of  being
perceived as
inadequate

Can perform
simple forms of
activity, but
mostly under
supervision

We use all of the aforementioned functions on everyday basis without even being

aware of them. They are run in

the automatic mode and only the increasing

difficulty of the situation or lowering the cognitive state or the attention span can
bring them to conscious form of processing. Above all we use them in activities of
Living -ADL ) which can be grouped into

everyday life (so called

two main categories:

Activity of Daily

- Basic ADL: dressing, grooming, toileting and feeding oneself
- Instrumantal ADL: preparing meals, performing household activities,

runni

ng

errades,

app iontments, managing the finances.

The healthy elderly person, if ever, has only problems with more effortful actions
requiring either more strength or precision. Whereas the progression of the

di sease

such

as Al

zhei

travelli

mer 0s

ng,

keeping

di s edus ®the grofwingi e nc e s

problems with planning and execution of the actions. Usually it is observed that
the instrumental ADL are affected as first, more detailed actions and the ones
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that are more distributed in time such as keeping appointments, finances.
Incorrect performing of such actions has profound impact on the quality of life of
the person. Supervision of such activities require not only complex and abstract
thinking but mobility as well. Usually it is later overtaken by the closest family
member of the patient, a spouse or the children.

More repetitive actions, but as well of the great impact on the everyday
functioning, are for example: cooking, household activities and maintaining social
interactions. Due to progressive deterioration of the cogniti ve domains (memory,
language and judgement) the patient requires gradually growing form of support:
supervision to physical help in correct performing such activities.

It is reported that those repetitive actions take
and are declared as tiring, monotonous and that caregiver would (if was given a

chance) use other persons help in performing them. These actions are in the

focus of the present research in order to provide in the near future a robotic

assistance able to perfor ~m such supervision over the patient.

26. Stages of Al zheimero6s disease

As mentioned above, dementia is a slow process starting from the normal pattern

of aging and later progressing to a diseased one. There is no clean cut - off point
which could pinpoint dire  ctly the beginning and the end of these particular stages

of the disease. In psychology and medical sciences a more descriptive approach is
preferred based on the qualification of the patients in terms of severity of their

dementia stage. Many coexisting f actors and fields of life have to be taken into
consideration for example: the cognitive level of functioning before the diagnosis,

the level of education, if the person is still working, other coexisting diseases
(especially cardio -vascular, endocrinologi cal, diabetes, cancer, other neurologic
and psychiatric conditions), everyday functioning, and the general wellbeing of

the person.
Different psychological and medical screening tools propose different number of
stages [22, 128, 130, 134, 141, 137, 148, 1 50] but it is generally consider to

divide the process of dementia into two phases, the subclinical phase of the early
symptoms (where the patient reports typical cognitive impairments but is still

able to function independently) and the clinical phase wit h sub -phases

corresponding to the severity of the disease.

The subclinical phase, better known as the MCI phase ( Mild Cognitive

Impairment ), is heterogeneous and difficult to diagnose [169 -179] . There are

multiple factors influencing its outcome and the p rogression. Three subtypes of

MCI can be found in the literature: amnestic, non -amnestic and multi  -infarct. The
possibility of developing Al zhei merds d-MGBlease i s r ¢
The other types of MCI are mostly connected with other types of dementias. The

length of this stage varies from 1 -2 years even up to a decade, depending on the

patientbés gener al condition (premorbid education |

and many unknown factors).

In case of amnestic - MCI the mostly impaired co  gnitive function is memory. In the
course of the disease the other functions become more and more influenced by

the existing impairment. At the beginning the person forgets the recent events

and becomes confused if particular actions have been performed su ch as taking
medication or switching on/off the household appliances. Later their language
becomes restricted and active communication becomes more difficult for the

person. It is widely observed that people at this point of the disease omit their

social a ctivities, especially with strangers, due to the fear of being perceived as
inadequate. Generally their executive functions become impaired which influences

the correctness of their everyday activities. The more the disease is in progress
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the more disturbe d the executive functions become. In the beginning, it is
sufficient to give prompts and cues to correct performance of the sequenced
activities. Later, the person is too distracted by the cues to remember about the

goal of the performed action and on the last stage one step commands are
required, eventually performing the action for them.

The clinical phase can be divided into three sub -phases:

- With dominating memory impairment (recent and so called working
memory), but the automatic and episodic memory is relatively preserved.
The apathy and passivity in the general behaviour of the patient starts to
be a dominating feature , however an increase of pointless activities may
be observed. The actions performed by the patient seem to be ridged and
they are p erformed in the same way in spite of the changing
environmental conditions. If the patient cannot perform them in the same
manner, or if he/she perceives the situation as too new and unexpected,
edginess and irritability may be observed (more intense than normally
expected) . The patientéoés speech may be di ffer
impairments of anomic type. The communication with other people starts
to be disturbed due to growing problems with abstract thinking (most of
the statements are understood literal ly), lack of words and increasing
difficulties in following the train of thoughts. The patient is aware of the
growing difficulties and starts to hide them. In the beginning either by
joking about them or by negating them but later on, social withdrawal is
observed. At the end of this stage the memory impairments are also
connected with so called autobiographical memory and long -term memory.
The patient loses orientation in time, place and his/her own person (has
forgotten who he is now and may have problem s with recollecting his
family members). Behavioural and emotional disturbances are frequently
noted.

- The memory i mpairments are more profeoound and 1t
and episodic memory is impaired. Problems with movement are observed
which are conne cted with the cognitive aspect of movement planning.

Patient ds speech i s very scarce, hel/ she i s a
understanding the point. The behavioural changes and emotional lability

are more profound. They influence all social interactions and u sually have

a very strong negative impact on the first -hand caregiver. Due to the

severity of the impairments, the patient needs constant supervision.
He/she is unable to judge the situation and his/her own restrictions. Most

of the daily life activities a re performed under supervision and occasionally
with physical help from the caregiver.

- The final stage of the disease when passivity towards the environment is
dominating. The patient gradually loses basic skills such as performing
everyday activities  such as for example: eating independently, speaking
(due to vocabulary deterioration), and walking. The patient is unable to
fulfil his/her basic needs and requires physical help. As cognitive functions
deteriorate, the emotions are fading as well. At the fin al stage the patient
is responding only on the automatic level. The consciousness of the
present situation is dubious.

Summing up, the RAMCIP target user population is patients in the MCl/early AD
phase and can be described as follows:

- Men/women in their late adulthood (55 -90 years old) living
independently but requiring some help from their closest relatives /
caregiver
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- People who have a caregiver (either their spouse, close family
member or professional caregiver) who spends a sufficient amount of time

with the patient to provide the relevant information about his/her
everyday functioning

- People whose functioning corresponds with the MCI and the 1 st sub-
phase of AD described above, progressing to the 2 " stage should be
treated as an exclusion criteria

- People willing to cooperate with the researchers and show positive
attitude towards Human  -Robot Interaction

- People who have sufficient education, ability to read, write and

follow the commands to participate in the study without the risk of
suffering from t he psychological distress connected with new and
challenging situations

The detailed inclusion/exclusion criteria (with the neuropsychological assessment
battery) are going to be provided at M12 with the detailed protocol of the
preliminary and pilot tria Is. Nevertheless, they still should be treated as working
criteria and elaborated further after the data gathered during the preliminary
trials. Primary inclusion / exclusion criteria may be found in Annex I.

2.7. Comparison of the everyday functioning of the
healthy elderly person and suffering from
MCl/early AD.

In our everyday life we focus little on the activities we perform. Most of them are

run as the automatic executive function in the background and we realise their
complexity and importance only in non -typical situations. For AD patients almost
every situation is non -typical because they have forgotten the results of the
typical ones. Such activities like calling a family member may be an
overwhelming challenge due to not only problems with the re collection of the
number but performing the activity of calling.

The cognitive functioning of the healthy elderly person and the MCI patient

differs, but for non -specialist could seem as similar. The high -functioning MCI
patient usually is able to organis e the external help such as calendars, automatic
reminders, and specially designed medicine boxes. Within the progression of the
disease, especially in the early AD phase , such help is not sufficient and an
external controlling person is required.

Table 3. Typical functioning of healthy/MCI/AD person in sample
everyday activities

Healthy elderly MCI patient Early AD phase
person patient

Remembering Usually takes notes Uses medicine boxes Needs external
about certain on the b oxes and and takes medicine at reminder, usually
daily activities uses medicine boxes the same time point, for when distracted for
-medication example  when  the exampl e by looking
intake evening news starts, for ~the  medicine
tries to find external forgets about taking it
help for reminding
about the action

- placement of Usually has no Usually has some Loses the objects
the objects major problems with proble ms with finding very often and very
finding the desired the objects, especially fast. After finding
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Cooki ng

Everyday
activities

- household
activities

-dressin g up

-lower body
activities

September 2015

Dissemination Level (PU)

objects, has an
organized way of
looking for them,
there is a special
place where they
are kept

Has no major
problems with
performing

multistep activities,
is aware of the state
of appliances (if on
[off). If ever
forgotten about
switching them off,
realises it relatively

fast and reacts
immediately

Usually requires
exte rnal help with
more fatigues
actions. Is able to

perform all everyday
actions
independently

Is able to dress up
by him/herself,
according to the
weather conditions
and the occasion

Has problems with
lower body activities
due to age -related
coexisting diseases.
Is able to find
constructive helpful
solutions

the once which are not
used every day. Has an
organised way of
looking for them

Usually has no major

problems with
performing w ell known
activities, but will
restrain him/herself
from new recipes.
Occasionally has

problems with switching
off the appliances, if
forgotten  realises it
much later than heathy
elderly person

Needs reminding in
initiation  of the
performed action. Is

able to continue it by
him/herself

Has little problems with
weather matched types
of clothing due to
problems with judging
the development of the
situation but if focused
can perform the action
correctly

Has problems with lower
body activities due to
age-related  coexisting
diseases. Has problems
with memory and
judgment and toward
finding constructive
helpful solutions ; these
issues may increase in
this scope the risk of
faling (look below) ; for
example memory and
judgment problems
could lead the person to
forget to use slippers or
wear those in a wrong
way (right on left foot
etc.), or misplace the
slippers and trip

30
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them changes their
destination
not to forget where
they areb

Is able to perform
only simple dishes,
and only if cooking
was a daily activity
for the most of the
patient6s I
often has problems
with switching off the

appliances, if
forgotten realises it
much later than

heathy elderly person
or by chance.

Needs supervision in
initiation and
performing of the
action

Has problems with
dressing up according
to the weather and
occasion. Sometimes
needs physical help
with  buttons, laces
etc.

Needs physical
with lower body
activities or needs
consta nt  supervision
in order to perform
those correctly.
Overall activity
profoundly increases
the risk of falling
(look  below) ; for
example the person
may forget to wear
slippers or wear them
in wrong way more
often, whereas during
bending down may
lose balanc e and fall.
Has major difficulties
with  solving non -
typical problems and

LUM
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- risk of falling

Socialisation

- maintaining

contact with
the family
members

- recognition of
the known
persons

Dissemination Level (PU)

Due to coexisting
age -related diseases
and lowered ability
to move freely has
higher, compared to
the yo unger people,
risk of falling. As
well the
consequences  are
more serious (raging
from hip/leg fracture
even too death due
to fat emboli)

Depends on the
individual needs but

usually likes to
spend time with the
relatives, uses the

media such phone to
stay in touch

Has little or none
problems with
recognizing the
relatives and friends

The difficulties typical
for healthy elderly are
influenced by the
cognitive domain
forgetting the
destination of the
desired objects/places.
Increased need for
mobility influences the
growing risk of falling

Has minor problems
with  phone numbers,
names of the closest
relatives. Usually starts
to be withdrawn. Is able
to use help such as
calendars, notes to
remember about
appointments/birthdays/
telephone numbers

Has little problems with
recognizing the relatives
and friends. The false
positive are present.

2.8. Implications of the MCI/AD effects for the
overall R  AMCIP supportive approach

As discussed above, patients in the MCI / early AD phase are facing various
difficulties in their everyday lives depending on their level of cognitive and

psychosocial functioning decline. The HRI (Human

643433 T RAMCIP

performing multistep
activities such as
tying the shoelaces

The observed at MCI
stage pattern is more

influenced by
increasing need of
wandering. The

patient is not able to

stop the searching
activity by
him/herself, and

usually is forced to
abandon it due to
physical exhaustion,
which profoundly
increases the risk of
falling

Has problems with
using the clues.
Needs reminding, but
can remember the
events of high
emotional impact.

Has problems with
recognizing the
relatives and friends if
they are not in touch
on everyday basis.
The amount of false
positive recognition is
growing rapidly.

-Robot Interaction) field ¢ an

significantly help the patients in this domain, by adapting and personalizing the
functionalities and the behaviour of household assistive robots to fit the needs of

the patients. Such needs are differentiated based on both the disease level and

the pre ferences of the individual persons.

Human -Robot Interaction should be consider ed as multilevel, concerning different
modalities of communication such as voice/visual/touch, but also different levels
of interactions connected with interpersonal communicatio n such as physical
contact, emotional influence and stress level induced due to the novelty of the

situation should be taken into consideration as well.

The RAMCIP supportive approach will focus on addressing functional needs in:
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- emergency situations con nected with the personos i nner S
environmental issues (risk of falling, general condition, stress level,
gas/smoke detection, checking the correctness of switching the appliances
off),
- cooking and everyday activities (medication, food and wate r intake,
dressing up, using the appliances),

- socialisation, maintaining the current cognitive state (communication with
relatives and friends, monitoring the affective state of the user, cognitive
training, detection of the strangers).

Users are going t o be assisted by providing help in the areas influenced by the

age-related processes and, above all, dementia. The most important cognitive
function , which influences the correctness of all performed action s, is memory,
but as mentioned above the other cog nitive functions influence the outcome of
everyday activities as well. The following types of help are targeted in RAMCIP:
1. connected with one -step activities supported by RAMCIP by series of
reminders

- medication and food/water intake (subUC3.1 and 5.3)

- keeping up the medical appointments (subUC8.5)

- appliance usage and household activities (subUC2.1, 2.2, 2.5, and 4.2)

2. checking the correctness of the performed multi -step actions
especially during everyday activities:

- cooking (subUC2.1, 2.2, and 4.2)

- dressing up (subUC6.1, 6.2, and 7.1)

3. potentially hazardous situation s are going to be detected by
RAMCIP, especially in:

- environment (subUC1.3, 2.1, 2.2, and 2.4)

- internal, regarding the physical and affective state of the patient
(subUC1.1, 1.2, and 8.3)

4. RAMCIP is going to propose in proactive way to help with everyday
activities  such as:

- finding and fetching objects (subUC2.3, 4.1, 4.3, 5.1, and 5.2)

- providing entertainment (subUC8.1, 8.2, and 8.4)

- maintaining a positive physical/mental and emotional condition (subucC7.2,
8.3, and 8.4)

The aforementioned tasks have been prioritized according to the User
Requirements (based on the surveys with users, caregivers and medical

personnel, as well as the workshops) and technical feasibility. It should be

underlined th at the main driving factor of use cases prioritization was the end

usersd perspective on the importance dHehighhe user ne
priority sub -Use Cases and some medium prioritized sub -Use Cases will be

implemented . For detailed informat ion about the prioritisation please refer to

chapter 4 and the following.

Depending on the group sample interacting with the RAMCIP robot (healthy

elderly, MCI or AD patient) the dimension of the help provided is going to be

different, but corresponding t o the real needs of the human currently interacting

with RAMCIP. One RAMCIPG6 ey ability concerns | earning of the userds be
and then adjusting the necessary help, therefore it may be estimated that the

biggest amount of help given (mostly as voice reminders) would be in the early

AD patientsd group, descending gradually to relati
the healthy volunteers. The occurrence of the intragroup variance may be

foreseen due to very individual preferences in most of the sub -Use Cases. The
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help provided will probably be mostly connected with the memory problems and
the growing difficulties with performing multi -step activittes as well as
remembering about  repeated one time activities such as medication intake.

The reminders (mostl y in voice modality) are going to be provided only if the
person is performing the activity incorrectly, that is:

1. changing the aim of the activity in the middle of its course due to memory

problem
2. the activity is skipped, not at all performed, even if it w as connected with
specific time period (for example medication intake , or an abnormality
related to not turning off of electric appliance etc. )
3. theactivityis abandoned due to other non - priority activity
Voice reminders  will be expressed as repeated sentences, non -obtrusive and
adjusted to the users abilities (hearing loss and language understanding). For
high priority reminders the number of repetition s is going to be increased and if
the activity is  not fulfil led the external controller (researcher/fam ily member) is
going to be informed. For non -priority reminders the repetition is going to be

relatively low (2 -3 times) with the possibility of switching them completely by the
user if asked.

For example , a respective strategy in the scope of SubUC 3.1 fiMedication/food
supplementsintake 6 or ot hpgtiority nse gakes could be the following

- RAMCIP will approach the user and remind about the activity

- If the activity is going to be performed by the user no further reminder will
be provided

- If the activ ity has been stopped/not started by the user, RAMCIP, after
fixed interval of time , will again approach the user and remind about the
medication intake activity

- An additional question is going to be provided, concerning whether  the
user needs physical help  with bringing the pills box

- If the action is still not fulfilled , RAMCIP will bring the pills box and remind

about activity once more.

- If activity is still not performed the external controller is going to be
informed.

The reminder can be switched off completely in two conditions: correctly
performed activity =~ by the user or after informing the external controller about not
finishing the action. The user can only prolong in time the execution of the next
reminder.

For less important subUC s, like SubUC6. 2:

- The RAMCIP will approach the user and remind about the incorrectly
performed action

- If the user does not preform the action correctly another reminder is going
to be performed

- If the user states that according to him the action does not need to be
execu ted the reminder is going to be switched off

The reminder can be switched off completely after the first reminder has been
executed.

For performing t he remi nder RAMCI P i s going
approaching towards him/her and in personalised by the user voice (for details

look below in Speech Synthesis section) is going to remind about the activity in
question . The voice command given would be as close to the voice command

given in such conditions by the human (the voice intonation modulation typical for

the communicate - question/positive sentence). For better interaction the efforts
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are going to be taken to make the synthesised speech as emotional as possible
(positive emotion).

The textual content of the reminder will be adjusted to the user 6s abilities (fol
details look below in Speech Recognition section). The sentences are going to be

short, containing most often words used in the mother tongue of the user. The

progress of Al zhei merb6s disease is mostly connect e
and vocabulary impairment therefore the commands are going to be changing

(become more generic) in case of more profound stage of the disease in order to

lower the stress level connected with HRI.

The detailed procedure of HRI and subUC scenarios are going t 0 be elaborated for
the detailed protocol that will be drafted by M12 and will be later revised during
preliminary trials with healthy volunteers.

Checking the correctness of the performed multi - step actions is going to
be run in the background and repor ted to the user if  an incorrect action has been
detected. The information provided to the user is going to be similar to the one

described in the previous paragraph (the voice reminders). Incorrect actions

which may be hazardous to the user and the surroun ding are going to be
reported to the external controller as well. The occurrence of the hazardous event

is going to be recorded for further analysis.

Detection of the potentially hazardous events , as mentioned above is going

to be reported to the user directly as a voice reminder and to the external
controller as well. The function is going to be constantly running in the
background.

Most of the human -robot communication is going to be performed thr ough sound
and vision. Below the key aspects of the H -R communication and their

psychological basis are discussed.

Speech Synthesis

As mentioned above, high percentage of the elderly persons require hearing aid

in order to follow a conversation. Language understanding depends on such
factors like the pitch of the voice, speed and clarity of speech. Intonation of the
voice and emotional tone also provide additional clues to the communication. It

is well described that slower, clear and emotional speech utterances are better
recognised than ones that are fas t and distorted. In order to provide optimal
conditions for HRI communication particular care will be taken to satisfy the
specific needs of the target user group

The speech synthesis engine that will be used for the RAMCIP platform should be
able to a dapt to fit the needs of the individual patients. The voice output of the
system will be based on an artificial voice synthesis where the volume will be able

to be adjusted based on both the needs and preference of the patients as well as
the distance betw een the robot and its user. The rate of the synthesized speech
will be able to be configured to achieve a comfortable speaking pace based on the
stage of the MCI/ AD  of the user. In addition, the option to choose either a male

or a female synthetic voice will be provided. Finally, the a - priori adaptation of the
pitch of the sound output of the tablet PC of the robot will be researched in terms
of feasibility.

Speech Recognition

The heal t hy el derly person usually doesndt hav
understandin g long and rather complex sentences, but with the progress of the
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disease the vocabulary of the patient becomes restricted. The early AD patient

may also require shortening the sentences due to the short attention span, but as

well more generic words used ; the one s of the highest frequency of usage in the
mother tongue.  Simple one step command s may be necessary for the users to be
able to conductat ask.

In order to provide such help the speech recognition engine that is going to be
used to cover the spee ch input needs of the RAMCIP project will be configurable
as well. The vocabulary and the variety of the individual equivalent commands

that are going to be used by the system will fit the needs of the different stages

of MCI / AD of the users. Moreover, t he system will be able to understand and
respond differently to different vocal commands even though they might be
equivalent. Voice prompts that can be easily confused or cause false positives will

be avoided. Finally the speech recognition confidence thr eshold will be able to be
configured and adapted individually for each user based on the selection of
spoken commands, the pronunciation clarity of t he

level of ambient noise and the distance between the robot and the user.

Ge sture Recognition

Human communication is based not only on words but on the body posture and
particular gestures. The usage of gestures increases if the difficulty with the
object naming is observed. Most of the gestures in the everyday communications
can be divided into two categories: emotional (mostly culture based) and

informative. The gestures used by elderly people are highly individualised but are
essential clue for understanding their intentions.
The RAMCIP system will be able to understand a prede fined set of gestures that

are relatively easy to perform and be remembered by the end users of the

platform. The relation between the selection of gestures and their psychological

effect on the performer will be investigated. The available gestures will b e
evaluated in terms of the stress levels they cause on the users by measuring the

blood pressure and assessing the anxiety levels of the performers. Finally , the
integration of different gesture recognizers , e.g. for head gestures and hand
gestures in a ¢ ross-domain integrated gesture recognizer , Will be researched in
terms of feasibility.

GUI Design

A significant problem observed among the MCI and AD patients is a growing

vocabulary impairment (anomia). The problems with finding the exact word are

very f rustrating for the patients and a chance to facilitate a conversation by

pictures would be highly desired. The time restriction or the stressful situation

decreases the ability to find the proper word eve
he/she wants to say. Th erefore the pictorial way of interaction is highly desired.

The Graphical User Interfaces of the RAMCIP platform will be tailored to the needs

of the end users. The interfaces will be designed based on the user -centric design
principles and based on simp licity and clarity of the individual modes that the
platform is in at any given time (e.g. calendar, phone communication, bringing

object etc.). The vocabulary will be adapted to the cognition levels of the users.

Finally, quick exit shortcuts to the main menu and access to emergency scenarios
will be provided to increase the level of acceptance of the platform and contribute

to higher levels of user confidence and satisfaction while adding to the whole user
experience.

To facilitate communication RAMCIP is going to be equipped with a tablet on
which a humanoid face would appear when conversation would take place. Facial
recognition and facial expressions implemented in RAMCIP would aim to maintain
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the communication as natural as possible. The main challenge , generally reported
in |literature on HRI , is overcoming the
anthropomorphised robots provoke eeriness and a sense of creepiness. This is
connected not only with the appearance per se but with the general possibilities

of the robotic assistance. On the contrary the ability to learn from the previous

HRI is highly required. The desired RAMCIP HRI is based on flexible cooperation

and adjustment to the current needs of the human. The general look of RAMCIP

on the contrary is kept in traditional machine -look style. This approach is
intended to keep the user in the comfort zone of interaction between human and

the robot but providing a natural flow typical to the human forms of
communication.

The vast research -based data avail able on HRI acceptance suggest s that in order
to maintain high (or rather satisfactory) level of robot acceptance the following
should be provided:
1. robot should stay out of sight when not required, proactive interaction is
preferred
2. robot should understan d the complex social context (due to multiple
domain recognition - voice, gestures, facial expression)

Mor i

3. robot shoul d predict t he user o6s needs

presumptuous (due to implemented timetable/most important dates and

appointments/everyday habits and advanced ability

behaviour) .

The safety in the HRI, accessibility and usability of the robot are of the most
value, and would be provided beforehand.

RAMCIP aims to fulfil the abovementioned requirements in the interaction w ith
the elderly population (preliminary healthy volunteers and finally MCI/AD
patients).

In order to lower the stress level connected with the novelty of the situation and
the reminders received , the biofeedback information (like ECG of the user) is
goin g to be processed and adequate RAMCIP reaction is going to be performed.

If high stress level is detected the checking questi
you al r i gdmodrespgnse dr fone is obtained the UC1 Emergency is going to
be executed . If a positive response is obtained the proactive form of monitoring
and support is going to be performed.

If medium stress level is recorded during HRI , RAMCIP will go to stand -by
mode in order to monitor the stress level, if lowering is noted the HRI will

continue from the point it was stopped. If the stress level is the same, after

certain time RAMCIP will continue HRI from the point it was stopped. An
additional question  concerning whether  the user wantsto  continue the interaction
is going to be asked. If the stress level is going to increase the checking question

(6Are you alright?éd) is going to be asked
wants to be in the interaction is going to be asked. If no response is obtained , the
UC1 Emergency is going to be executed .

If low stress level is recorded during HRI RAMCIP will proactively continue

reminding the user about certain activities.

In addition to the above, important  challenges that may arise in Human -Robot
communication are:

- the sense of being dom inated by the robot by constant negative
communication

- the sense of artificial and too simplified contact
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- the sense of inadequacy caused by rising difficulties with understanding
each other .

In order to decrease the level of potential stress caused by Hum an-Robot
communication, RAMCIP is going to proactively stimulate the human to perform

certain activities. The positive outcomes, not only negative, are going to be
pinpointed. Verifying the human intentions are going to be performed mostly by

asking non -intrusive questions. If, despite such precautions, the communication

is going to be too threatening to the patient , the RAMCIP robot after detection of
the stress level is going to back -out of the conversation.

2.9. End user involvement in the RAMCIP project

The RAMCIP project follows a User  -Centred Design (UCD) approach in its research
and development efforts. Thus, already from the beginning of the project, the
involvement of target end user representatives in all project stages, from user
requirements analysis , to design and development of the RAMCIP robot, has been
defined as an essential project aspect.

In this respect, as further explained in deliverable D1.1, an End User Advisory
Group (EAG) has been setup, consisting of independent experts, with wide
recog nition in their respective fields, who will provide their feedback to the
project consortium on the project progress and achievements, reviewing them
from the scope of our target end user groups needs and expectations throughout
the project ds idwlvemeniobtihe.EAQ ihthe project efforts has been
initialized as was planned, already from the early, yet crucial and highly relevant

to them stages of t he projectos end user needs

Following a series of communications with project partners and active
participation in a respectively designated session of a project meeting (2
Plenary Board meeting of RAMCIP), the EAG provided valuable insight to the
project consortium over their view on user needs and expectations from servi ce
robots like the ones envisioned by RAMCIP.

nd

Specifically, the main role of the RAMCIP EAG in this respect , in the scope of D2.1

preparation was two -f ol d: (1) to discuss the EAGOds vVview
needs and expectations from a service robot and (2) to advise over the
met hodol ogy toward the analysis of the target end

Following the initial consultation between the EAG and the project partners who

are responsible for the user requirements analysis activities of the pro ject, i.e.
LUM and ACE, a special session, dedicated to exactly enable EAG members
discuss their view on the above with all consortium members was also established

in the context of the 2 "™ plenary RAMCIP meeting that was held in Barcelona,
Spain on April, 27-28, 2015.

The RAMCIP EAG was present in that project meeting session through remote
participation (enabled through Skype), obtaining a clear view on the plans and
first outcomes of the project toward user requirements analysis. The EAG
provided in tha t meeting important feedback to the consortium, both on the
methodology that the project should follow for user requirements analysis, as well
as for the user needs and expectations themselves, which was taken into account
towards the deliverable D2.1 of t he RAMCIP project.
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Concerning the first part, i.e. the user requirements analysis approach, the EAG
consultation process focused mainly on providing the Consortium partners on
insight over how our target end users should be approached and involved in user
requirements analysis surveys, given their specificities. In this scope, the
importance of our surveys to be conducted through questionnaires filled -in by
participants during the presence of an experimenter who would assist when
necessary was underlined. O  ur target end users may sometimes face difficulties

in properly understanding the exact meaning of each question in the
guestionnaire, so clarifications from the experimenter could be rather useful in

such cases, along with interventions to help the partic ipants cope with possible
memory problems that could appear during the survey. This led the Task 2.1 to

adopt the specific strategy in the surveys with target end users (further described

in section 4.2.5 of the deliverable).

Moreover, the information gat hered during this EAG consultation meeting
provided us with insight for the sub -Use Cases rationale and the prioritisation
approach followed. Before and after this meeting, the individual EAG members
were in contact directly with the consortium partners se eking relevant information
needed for t he wor kshops and surveys®6 rational e
information became a crucial and priceless knowledge enabling the future
development of the project.
Concerning t he user needs and e xppirg oft viev,iaon from th
summary of issues of relevant importance that should be taken into account while
designing and developing the RAMCIP robot, as derived from this initial
engagement of the EAG in the RAMCIP robot design process is as follows:

- MCI patient s face problems when interacting with technical devices; thus

related solutions should be extremely user -friendly

- The early detection of problems in dementia is highly important

- Robots can be fAstrange partnerso; sinceg such dev
should be pleasant to look at and easy to use

- Safety issues should be paid strong attention; also, what would happen if
such a device gets knocked  -over?

- For establishing a robot inside a patiento6s hou:
costs related to cha  nges that should be made in the house so as for the robot
to operate in it.

- Ethical issues should be carefully examined

- Robots could be very difficult to replace human -human interactions, emphasis
should be put on the complementary use of a robot alon g with a human care -
giver.

- Major opportunities can derive by having people with MCl/dementia as parts
of the overall RAMCIP process; RAMCIP could lead into major advances to
support better quality of life

- RAMCIP could increase the possibility of patien ts to stay longer at home and
to better activated

- It would be highly important for RAMCIP to lead into cognitive enhancement
of patients
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- RAMCIP focuses on people from early MCI to early AD; a core idea of RAMCIP
is for the robot to allow the patients do most of the activities (that they still
manage) on their own and when needed, engage to help.

I'n parall el to the establishment of the projectéos
RAMCIP UCD approach is to maintain a continuous connection with potential

target end users of the RAMCIP robot, who will be not only provided the

possibility to be informed about the project developments through dissemination

measures, workshops etc, but will also be involved in some aspects of the

projectds r esear chntdfortsl sudheas edpariments that shall be

held to coll ect data that wi || be used in the pro
projectds final pilot trials (e.g. the datasets for
i n t he deliverabl e D9. 3 |fmhat)a Manaige menxtp e ®t ed t h
participation of our target end user groups?©o me mb
experiments will provide them the opportunity to get a better idea and

understanding of the projectbés envisagedectsol uti ons
has reached the stage of having the integrated RAMCIP robot ready to be used in

the pilot trials. In parallel, this will provide us with a great opportunity to keep

further investigating potential further issues that may appear through these

interactio ns, not already covered by the user needs and expectations analysis

that was conducted in the scope of T2.1, early enough so as to be able to take

them into account prior to the projectds final robo

Finally, the last and of major importance phase of target user groups involvement
in the project concerns the pilot trials of the RAMCIP robot. These are planned to
be held in Poland (LUM partner) and in Spain (ACE partner), evaluating the

integrated RAMCIP robot through experiments that will fol low the line of the use

cases described in Chapter 6 of the deliverable. Th
trials, along with the indicative foreseen evaluation criteria that will be used in

those, are described in the Annex | of the RAMCIP Grant Agreeme nt (description

of T8.2 fAPilot trials deployment and system evaluat
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3. The RAMCIP robot ecosystem

3.1. Review of available related technologies

Within the countries of the high economic level of prosperity the imbalance
between the age groups of their soci ety is a growing problem. Japan, for
example, as one of the most developed, not only economically but also
technologically, is struggling with the growing number of its elderly residents. Not

only due to the high costs of all -day care, but also due to an e xtreme lack of the
qualified personnel, the robotic assistance is in high demands.

The existing technological solutions are developed to maintain the person's
independency as long as it is possible by supporting patient's physical state and
also by monito ring his/her mental state as well. Gadgets such as watches
equipped with GPS system alarming the members of the family about patient's
departure, are extremely helpful in all -day care of MCI/AD patients.

As their age increases, the cognitive functions of the elderly people decline as well
as their physical state. Accordingly, the other part of currently developed
technology focuses on maintaining the physical independency by more physical
support in fetching, reaching and helping with walking.

In the scop e of service robots, available technological solutions are constantly
developed at present in the line of reducing the size of robotic assistants and
improving their flexibility and readiness to be used in different scenarios. In the
rest of the present se ction a brief overview of related research projects and the
RAMCIP positioning is provided. A detailed analysis of research projects focusing

on service robots and overall technologies related to RAMCIP is provided in the

Section 4.2.3 (Literature review) of the deliverable.

Several socially assistive robots for caring of the aging population in the domestic

context have been developed as research platforms so far (e.g. KSERA, DOMEO,

Cogniron, Companionable, SRS, Care -O-Bot, Accompany, HERB, and many

other s). [35 -42] Table 4 summarizes a series of research and innovation activities

that are related to the RAMCIP project, falling in the scope of (domestic) service

robots. Despite the volume of research and developmen t efforts, hardly any robot

has so far really entered private households besides vacuum cleaners and lawn

mower s. It highlights that developing robots for
challenging endeavour.

The RAMCIP project aims to work toward future r eal robotic solutions for assistive
robotics for the elderly and those suffering from MCI and dementia. This is a key

step to developing a wide range of assistive technologies. The RAMCIP project is
adopting existing technologies from the robotics communit y, and it fuses those
with UCD activities and practical validation in order to create a step -change in
robotics for assisted living.

Table 4. National and International Research and Innovation Activities linked
with the RAMCIP pro ject

Project name Start Research Abstract
date area

DOMEO 2009 Social Project focused on the development of an
(Domestic Companion open robotic platform for the integration
Robot for Robotic and adaptation of personalized ho mecare
Elderly Assistants services, as well as cognitive and physical
Assistance) assistance.

The aim was to help elderly to stay longer
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and safer at home.  [36]

COGNIRON
(The Cognitive
Robot
Companion)

2004

Social
Companion

Development of a robot whose ultimate
task is to serve humans as a companion in
their daily life. The robot is not only
considered as a ready -made device but as
an artificial creature, which improves its
capabilites in a continuous process of
acquiring new knowledge and skills. [37]

CompanionAble
(Mobile  Robot
Comp anion.
Smart Home)

2008

Social
Companion
Robotic

Assistants

Providing for a care -giver's assistive
environment. Supporting the cognitive
stimulation and therapy management of

the care -recipient. This is mediated by a
robotic companion working collaborative ly
with a smart home environment. [38]

SRS

2010

Care Robot

Remotely -controlled, semi -autonomous
robotic solutions in domestic
environments to support elderly people
demonstrate an innovative, practical and
efficient system call
personal ised home care. [39]

q

Care-0O-Bot

Robotic
Assistant

(different
environments)

Care-O-bot  development  series is
characterized by a product like system
design and provides the potential to apply
manipulating mobile service robots in
everyday environments [40]

ACCOMPANY

Social
Companion
Robotic

Assistants

Robotic companion as part of an
intelligent environment, providing services
to elderly users in a motivating and
socially acceptable manner to facilitate
independent  living at home. The
ACCOMPANY system will provides
physical, cognitive and social assistance in
everyday home tasks, and contributes to
the re -ablement of the user, i.e. assist the
user in being able to carry out certain
tasks on his/her own. [41]

HOBBIT

2011

Mutual Care,
Social
Companion

Roboti ¢
Assistants

The goal of the HOBBIT project was "to
advance towards a robot solution that will
enhance wellness and quality of life for
seniors, and enhance their ability to live
independently for longer at their homes."
The focus of HOBBIT was the develop

of the mutual care concept: building a
relationship between the human and the
robot in which both take care for each
other, thus establishing a bonding similar
to the one with a pet. The main tasks of
the robot concern fall prevention and
detection. [ 57,58 ,84].

ment

MOBOT

Robotic
Assistant

The MOBOT project aims at supporting
mobility and thus enforcing fitness and
vitality by developing intelligent active
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mobility assistance robots for indoor
environments that provide user -centred,
context -adaptive and n atural support.

3.2. RAMCIP foreseen key innovations summary

Robotic solutions for assisted living environments are primarily personal
companions, which can ensure the user safety and their wellbeing through

various forms of interactions. Existing case scenari os include detecting falls
providing reminders for medication, offering physical or cognitive exercises
through specific games, and supporting telepresence functions (e.g. CompanionAble

and MobiServ 2 i FP7). Nevertheless, very little work has been done t 0 incorporate
object grasping and manipulation techniques (e.g. HOBBIT * ACCOMPANY). In fact,
service robots have so far been oriented more towa
primarily without physical interaction with the world, capable in essence of servin g

their end user on demand, while missing a clear focus on advanced user modelling

and proactive assistance provision, founded over the important functions of dextrous

robotic manipulations and safe pHRI. The RAMCIP project aims to work toward

advancing th e current state of art in areas of the utmost importance for future

service robots for assisted living applications in realistic home environments.

1

The key foreseen innovation points of the RAMCIP project can be summarized as:

- Advanced high -level cognitiv e functions of the service robot, driving proactive
and discreet assistance provision, through user and environment monitoring
and modelling.

- Advanced human -robot communication channels, based on adaptive
multimodal interfaces, fusing touch -screen, speech , gestures and projective
AR displays, with emphasis on empathic communication.

- Advanced dextrous robotic manipulation capabilities introduced in the context
of service robots for assisted living environments, with focus on physical
human -robot interaction  (HRI) and emphasis on safety

The above innovation points are clearly essential when considering the needs of

MCI persons that should be covered by robotic assistant. Specifically, a series of
problems of our primary target user groups in their daily dom estic life, related to
e.g. memory and learning impairment, deficit in attention span, executive
functions, language, lack of coordination  of the motor functions, and social
withdrawal, demand for respective future service robots to have advanced
autonomou s operation capabilities, cognitive functions and capabilities to engage

into communication and manipulation tasks, so as to be enabled to decide when

and how to intervene, and optimally assist the user when a significant
abnormality is detected in some of her/his daily activities.

3.3. Positioning of the RAMCIP robot in the MCI
patient T caregiver ecosystem

When considering the positioning of the RAMCIP robot in the MCI patient -
caregiver ecosystem, it should be first of all clarified that the RAMCIP project do es
not directly aim to develop a service robot that can fully replace family members

or human caregivers of MCI patients or at early AD stages in their caregiving

tasks. As was expected and confirmed by our user needs and expectations

analysis (see Chapter  4), potential target users of the RAMCIP robot would be
reluctant to the choice of having a human caregiver totally replaced by a service

robot, in case that a human caregiver exists. Having made clear that the RAMCIP

! CompanionAble FP7 project, http://www.companionable.net
2 MobiServ FP7 project, http://www.mobiserv.info
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project aims to develop a service rob ot that will supplement the human caregiver

in the daily burden, instead of replacing her/him, some of the key dimensions of

our envisaged solutionds positioning caregivet he scope
ecosystem are outlined in the followings.

- The RAMCIP robot is anticipated to provide proactive and discreet
assistance to its primary user, acting autonomously without being
necessarily and directly related to commands of a human caregiver during
its operation. The project aims to research and develop a r obot capable to
assist the primary user in a series of aspects of her/his daily life, as shown
in the project use cases (Chapter 6). Nevertheless, it should be noted that
its assistance functionalities are planned to be offered for specific time
periods th at are necessary, so as for e.g. to ease the burden of the family

member s 6 caregiving t asks for S ome ti me i n
caregivers are also involved in the primary us
time, however, the project will work toward the resear ch and development

of several key functionalities that future service robots should have to
operate continuously in the home environment and potentially substitute
human caregivers for larger periods of time, such as advanced cognitive
functions, manipulat ion capabilities, communication channels and inherent
safety.

- The RAMCIP robot aims to be capable of undertaking some of the
caregiving tasks typically provided by a human caregiver. For example,
the robot will be able to assist the user in her/his medica tion intake
activities and supervise their proper establishment to the extent possible
by a service robot. It could also monitor electrical appliances that are left
turned on by mistake, or assist the user in properly dressing before going
out. At the same  time, the robot should monitor the behavioural, cognitive
and physical state of the user, adjusting its assistive behaviour to the
userb6s specificities as they evolve over ti me,
exercise her/his physical and cognitive skills. As such, the envisioned robot
is anticipated to pave the way toward a step change in current service
robots, which could allow family members and/or professional caregivers
to entrust their MCI patient with the robot for some time, with the robot
undertaki ng over some caregiving tasks during that period.

- Aswill b e further explained in Section 6 of the deliverable, for some of the
tasks involved in the use cases of the RAMCIP robot, cooperation between
the robot and a human caregiver will be required. For instance, the robot
will expect in some cases the caregiver to provide it with information for
the medication schedule and medical appointments and important dates of
the primary user, whereas in cases of emergency (e.g. fall), the robot
shall notify the c ar egi ver (who can be outside the wuser
time) for the potentially hazardous situation. Thus, the human caregiver of
the primary end user of the RAMCIP robot is considered as a secondary
user, being a further actor with a key role in a series o f the robotbds use
cases.
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4. Requirements investigation approach

4.1. Methodology

In order to collect related information, a user requirements collection
methodology was elaborated including literature review, workshops and surveys.
Based on the obtained data, a d etailed analysis of the user requirements was
conducted. Figure 3 summarizes the steps involved in the followed approach.

Literature Moderated User High Level Use
; . . . SubUse Cases
review discussions Requirements Cases

Figure 3. Overview of the RAMCIP approach toward user needs and expectations
analysis and use cases break d own

Elaborating on the steps involved in our user requirements and use cases
breakdown approach, it should be noted that first of all, on the basis of the
overall vision and objectives of the RAMCIP project a set of specific research
questions that would  drive our analysis efforts was formulated (see section 4.2.1
below).

Then, the first phase  concerned an initial literature review (see Section 4.2.2),
which was followed by two workshops (moderated focus group discussions) held

at the premises of the RAM  CIP LUM partner (Poland) and at the premises of ACE
(Spain).

Focus groups are an effective and cheap means of gathering information from
target users. [42, 43, 44, 45, 46, 47, 48] A focus group comprises discussion
moderators and, typically, between five and 12 target users. [49, 50] Moderators
initiate the topics for discussion and prompt further elaboration of the issues
where appropriate. Focus groups are considered appropriate for use when an
ageing population is involved. [51, 52]

The first moderated  discussion focused on analysing the needs and expectations
of the RAMCIP target user groups from the perspective of medical personnel
related to the treatment of elderly persons with MCI and AD and the second, from

the perspective of caregivers.

The next phase of our approach comprised surveys through questionnaires that
were administered to (a) medical personnel, (b) caregivers and (c) potential end
users of the RAMCIP robot.

User surveys, originating from social science research, involve administering a set
of written questions to a sample population of stakeholders, and are usually

targeted to obtaining statistically relevant results. Questionnaires are widely used

in HCI, especially in the early design phases. Questionnaires need to be carefully

design ed to achieve the set objectives in user requirements gathering. [53]

Research shows that there are age differences in the way older and younger
people respond to questionnaires. For example, older people tend to use the
fiDon't knowo r es pon sareyoumgerpeople. fTHey also sebm to use
this answer when they are faced with questions that are complex in syntax. Their
responses also seem to avoid the extreme ends of ranges. Researchers have
found ways around this problem. For example, Eisma et al., found that having the
researcher administering the questionnaire directly to the user helped to retrieve

more useful and insightful information. [51 ]

The table below summarizes where these two phases were held, as well as the
types and amount of the parti cipants involved. In total, as further explained in
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Chapter 4, 18 participants were involved in the moderated discussions and 264
filled in questionnaires were received from the surveys.

Table 5. Moderated Discussions and Surveys e stablishment summary (amount of
participants is indicated in brackets)

Participants Medical Caregivers End users
Personnel
Moderated Discussions / Focus Groups
LUM (Poland) T (8)
ACE (Spain) T (10)
Surveys
LUM (Poland) T (50) T (30) T (30)
ACE (S pain) T (50) T (51) T (53)
The moderated focus groups discussions had a two -fold purpose:

1. To allow an initial analysis of our research questions in the scope of our
user needs and expectations analysis to be established

2. To drive the development of the g uestionnaires that were used at the next
phase, i.e. during the Surveys

The analysis of the filled in questionnaires received from the surveys, along with

the analysis of the outcomes of the focus group discussions, which are all
described in the following section of the present chapter (Section 4.2), led us to
define the prioritized list of user requirements for the RAMCIP robot, which are
summarized in the next Chapter of the deliverable (Chapter 5). Eventually, on the
basis of the derived prioritized lis t of user requirements, the definition and
breakdown of the RAMCIP use cases took place, as described in Chapter 6 of the
deliverable.

In order to further clarify the positioning of the aforementioned analysis in the

context of the overall user -centred des ign approach of RAMCIP, it should be noted
at this point that the outcomes of T2.1 serve as a basis toward the functional
analysis and design of the system that is conducted in the scope of T2.2 and

T2.3, leading into the definition of the technical specif ications and overall system
architecture, which are to be reported in D2.2 and D2.3 respectively. The process

of mapping user requirements into the necessary robot functionalities is described

in D2.2.

4.2. User requirements investigation

4.2.1 Research Questions

As a first, basic step of our analysis, a set of specific research questions was
established toward analysing user needs and expectations. These research
questions were studied in the different approaches followed in our research,
namely the literature revie w, the workshops and surveys that are described in the
following sub -sections. During the workshops, the expectations and needs of the
clinical professionals were discussed. Later, the survey among the clinicians
(N=100) caregivers (N=81) and the potentia | users (N=83) were performed.
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The following research questions (RQX) and sub -research questions (RQX.X) were
formulated based on the literature review done by the RAMCIP researchers (the
related literature for each RQ is summarized through the respective references
below ) and input provided by the End User Advisory Group and later investigated
during workshops in LUM and ACE

RQL1 Identification of RAMCIP system implementation [8, 9, 11, 32-41, 44-
47, 50, 56, 66, 74]
RQ1.1 What are the daily life problems of patients with MCI/AD?

RQ1.2 How the daily problems can be supported/solved by the robotic assistant?
RQ1.3 What kind of abilities should be implemented into the robotic assistant?

- What kind of activities could be done (performed) by the robotic
assistant independently and in a proactive manner?

- What kind of activities could be done (performed) exclusively on
demand?

RQ1.4 How important is using the robotic assistant in specific daily
situations described in Helen's activities scenarios?

RQ1.5 What can be the role of the robotic assistant?

RQ1.6 How should the communication (interaction) between a robotic assistant
and a patient be established?

RQ1.7 How should the robotic assistant behave not interfere into user's privacy.
What does it mean thatr  obotic assistant acts discretely?

RQ2 Safety of human - robotic assistant interaction [8, 9, 11, 32-41,44 -47,
50, 56, 66, 74]

RQ2.1 How to define general safety rules?

RQ2.2 How to make sure that participants know that the human - robotic
assistant intera ction is fully safe for users?

R3 Social acceptance of RAMCIP system [44 -47, 50, 52, 55, 57-65, 67-72]

RQ3.1 Under which circumstances can a doctor/psychol ogist/therapist
agree/disagree to entrust the patient with a robotic assistant?

RQ3.2 Do you see a ny risks related to introducing the RAMCIP robotic assistant to
the patient care?

RQ3.3 What can be the most likely reaction of the elderly to the possible

cooperation with the robotic assistant ? What can be their emotional response
RQ3.4 What is a genera | reaction of the elderly to technical/technological
innovations/novelties? What can be done to make them more user -friendly?

RQ3.5 What might be possible disadvantages of the assimilation/adaptation of the
robotic assistant with people with MCI/AD?

RQ3.6 What do you think would be the abilities and time required for learning
(and re -learning) control the robotic assistant by a user with MCI/AD?
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4.2.2 Mapping between Research Questions and

Approaches
The tables below show the approaches we applied while explorin g our research
questions . First of all we conducted a literature review to get information about
current and available state of technology, next, workshops were conducted to
receive first impressions and as final survey were prepared.

Table 6. Medical personnel perspective

RQ Literature Moderated Survey
Review Discussion

RQ1 Identification of RAMCIP X X X

system implementation

RQ2 Safety of human - robotic X X

assistant interaction

RQ3 Social acceptance of RAMCIP X X

system

Table 7.Caregiversd perspective

RQ Literature Moderated Survey
Review Discussion

RQ1 Identification of RAMCIP X X X

system implementation

RQ2 Safety of human - robotic X X

assistant interaction

RQ3 Social acceptance of RAMCI P X X

system

Table 8.Potential wusersd perspective

RQ Literature Moderated Survey
Review Discussion

RQ1 Identification of RAMCIP X X

system implementation

RQ2 Safety of human - robotic X

assistant interaction

RQ3 Social acceptance of RAMCIP X

system

4.2.3 Literature review

The continuous growth in the size of the older population in Europe and the
progressive ageing of society is expected to accelerate worldwide over the next
decades. These demographic changes bring about the need of new technological
solutions for improving health, helping independent living, increasing quality of
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life, and reducing effects of ageing of citizens in the society. The aging population
represents a major challenge for governments and the soci ety as a whole and is
compounded by a series of other pressures (e.g. limitations in budget, increasing

costs of medical technologies etc.) that will eventually result in profound
modifications of the social care and health systems. The growing number of a ging
adults and shortage of caregivers ha ve driven researchers to seek for solutions

that meet the public expectations. Since most of the elderly people struggle with
health issues, they need alternative external care and care of assistive robots

should be considered.

In the context of the RAMCIP project, a literature review of the relevant
bibliography was carried out in order to collect corresponding data for the
elicitation of user -orientated requirements. A systematic review through PubMed

was based on keywords: assistive technology, = human -robot interaction  (HRI) and
robot and technology acceptance and via IEEE Xplore Digital Library . Additionally,
we illustrate the functionalities from previous relevant projects that will be

integrated into  the RAMCIP system .

Assistive technology

Technology development offers various services towards improving the quality of

life for the elderly. In the last three decades there was an outburst of innovations.
Researchers focused their efforts on facilitating the elderly in their everyday li  fes
and solve their daily problems in effort to prolong their independent and self -
sufficient living. The main objective is to develop robots involving users in natural

Human -Robot interactions what can preserve or enhance cognitive, a ffective and
social living in society. Robot architecture design includes user activities
monitoring, determining intent and emotional state of the user. Contemporary

solutions are synergic combinations of physical quality care and cognitive
stimulation en couraging user to maintain independent abilities. Heerink proposed

a classification of assistive robots used in the care of senior citizens as presented

in Figure 4.[83]

Service robots

Assistive social
robots

Companion
robots

Assitive robots

Non social
assistive robots

Figure 4. Assistive robots cathegories by Heerink  [83]

A variety of international projects such as Hobbit , KSERA, CompanionAble, SRS,
DOMEO and others were dedicated to the ageing population [84, 85, 38, 39, 86]
They differ in their target groups specifications , supported functions and

appearance. However, th e long -distance goalsin the most of them were similar
-to support the el dersdé daily | ife activities,
- to prevent mental and/or physical decline
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- to avoid hospitalisation or early institutionalisation that entails additional costs
and constant superv  ision from caregivers.

- to connect physical and mental stimulation of the user

More detailed analyses of the referred projects are found below.

HOBBIT - The Mutual Care Robot

The HOBBIT research project of the EU's 7th Framework Programme
(http://hobbit.acin.tuwien.ac.at/) is focused on the development of an innovative

mutual care robot, targeted to older users 75+ with no specific disabilities but

with reduced functioning due to age. The concept involves bilateral active

cooperation and interaction between the robotic platform and the user [9]. Mutual
care robots enhance the relationship between human and robot who both act as

partners. As a result it increases the level of machine acceptance [56, 57, 58].
Hobbit cares about environment safety, detects fallen objects and picks them up

with its arm to limit the risk of users Ofalls. In the case of emergency, Hobbit calls

for help and notifies the services. It can also learn and bring objects on dema nd

and offer entertainment, news and reminders. HOBBIT has a multimodal user
interface including touch, speech and gesture modalities. The user also takes care

of the robot, for example by showing it objects to learn and help the robot
searching for items. That process results in development of bonding feelings.
Even if the robot cannot replace carers, it is an aid for people who are still able to

stay at their own homes. [84, 87, 88, 89] . HOBBIT has been designed to be a low
cost assistive robot, and has b een tested in the laboratory and in home trials in
three European countries (Austria, Sweden and Greece).

Figure 5. The final HOBBIT Prototype

KSERA (Knowledgeable SErvice Robots for Aging)
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KSERA is a socially assistive devic e for elderly people with a lung disease called
Chronic Obstructive Pulmonary Disease (COPD) [35 ]. Research has been
conducted under auspices of EU's 7th Framework Programme and was active
between February 2010 and 31 January 2013. The main aim for this project was

to support the elderly with CODP with daily duties and self -management of their
lung disease/disorder. KSERA offers mobile service robot able to control health

status and behaviour of th e user and multiple channels of communication (video,

internet). The projectbds research resul t
with smart home environment. Due to the smart monitoring it is possible to
advise risky situations. Researchers put a special effort on assuring user

acceptance and facilitating the adaptation of the robot. In comparison to other
project with wheel driven platforms, KSERA uses a small humanoid robot platform
called NAO [85, 91, 92, 93, 94].

CompanionAble - Integrated Co  gnitive Assistive & Domestic Companion
Robotic Systems for Ability and Security

Hector is a mobile robot companion project for early dementia patients in smart

homes dedicated to Ambient Assistive Living idea [38]. The robot is able to scan
the surrounding  and monitor patient condition (blood pressure, falling). Other
options include : motivating suggestions, daily agenda support and reminders,
support when going out, medicine reminders, fall detection and support, music

photos and video calling. It is adjus ted to house environment so that it helps to
maintain contact with relatives The design is focused on the HRI and assured by
microphones, cameras, robot head with animated eyes, and tiltable touch screen

[38,95 ,201,202 ].

SRS - Multi Role Shadow Robotic sy stem for Independent Living

The main target group for SRS are frail elderly with normal cognitive aging or
mild cognitive impairment who need support in many aspects of their life. The

goal for the project is to allow elderly people to live longer and inde pendently at
their place. [39] Functionalities offered by SRS include: fetch and carry, video
communication, emergency assistance, preparing food, tidy up and stand up
assistance [39] . The research focuses on individual home system. The
innovations for thi s system are: remote control by family members or care
providers by tele -operated system, adaptive autonomy mechanism, robotic self -
learning option and safety -orientated frameworks. The robot is working as a
user6s shadow instead of rsdpervigon.f39,8di | dr en o

Domeo - Domestic Robot for Elderly Assistance

This project was a part of Athe aging wel
Programme. Domeo is considered to be a first robot assistant introduced to the

real home environment with real users. There were 2 robot types: physical and
cognitive. RobuMate was dedicated to mental stimulation and daily life support,

whereas RobuWalker was responsible for walking assistance. Both forms were
integrated by web interface. Offered funct ionalities included graphic and tactile
interfaces, voice recognition and speech synthesis, cloud services for tele -
presence and tools for integration of various sensors and services. [6, 17]
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The following table points out the commonalities and differences related to
different objectives and targets of EU -founded projects.

Table 9 (based on Meyer 6s description of t he
[205]) contains a summary of functionalities of abovementioned assistive robots

in comparison to RAMCIP func tionalities. Although the projects differ in design

and end -users groups, it can be concluded that elderly people require the most
Emergency services, Reminders, Social communication and Entertainment

facilities. When it comes to design, it is desired to h ave autonomous navigation,
stable and pleasant for users design. Another important aspect is that the user
interfaces are adjusted to aging consumers T bigger touchscreens with easy  -to-
use programs.

RAMCIP tries to bridge vital capabilities but also stand s out with usage of

dexterous hand, ability of processing the data from different sensors and, what is
the most distinctive, aims to provide its assistance in discreet and proactive way.

Table 9. Comparison of chosen  functionaliti es of assistive robots
(modified version of Mayer et al.) [205]

Functionality HOBBIT KSERA  Companion SRS DOMEO RAMCIP
Able

Reminders X X X X X X

Motivation for X X X

cognitive/

physical training

Social X X X X X
communication

Communication X X X X
medi cal

authorities

Shopping list X

Tray for objects X X X

Manipulator arm X X
Mutual Care X

Data from X X X

medical devices

Data from X X
external sensors
(e.g. air quality)

Autonomous X X X X X
navigation
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Entertainm  ent X X X X X X

Emergency X X X X X X
services

Cognitive X X X
support

Support for X
COPD

Support for X X X
elderly

Support for MCI X X
and mild AD

Manipulation X X X
and grasping

Proactive and X
discreet
assistance

Games X X

Training X
exercises

The experience gained from other projects will be developed and improved
further in the RAMCIP system. In the table below it, brief summaries of relevant
EU projects and outcomes to be exploited in RAMCIP are presented.

Now, the aim is to use the existing solutions to save the available resources avoid
re-invention and re -development. Partners of the consortium took part in many
projects and may use their knowledge to design RAMCIP system.

RAMCIP in comparison with other project s will address the specific needs of

elderly with MCI and early AD. The other innovations include proactive approach

to the user and l earning user 6s habits. From pas:
technologies concerning e.g. gesture recognition ;asumm ary of rel ated projec

results that can be adopted and be further improved in RAMCIP is provided in the
following table
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Table 10 . Corresponding EU projects and relation to the RAMCIP system

Previous EU -funded researches
and (national) initiatives

Project Title: HOBBIT

Subject of interest: Mutual Care,
Social Companion Robotic
Assistants

Project Title: ~ SKILLS (EU FP6)

Subject of interest: Human Modeling

Project Title:  con -humo (EU FP7)

Subject of interest: design
based on human models

Control

Project Title: WEARHAP (EU FP7)

Subject of interest: Wearable haptics,
physical human -robot interaction

Project Title: MOBOT (EU FP7)

Subject of interest: Assistive robotics

Project Title: CoTeSys (National)

Subject of interest:
technical systems, robotics

Cognition for

September 2015
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Results to be
implemented/developed/impro

ved in RAMCIP

Design

Adaptive Robot Behaviour

Adaptable HRI & self -adaptive
software components

Gesture and speech -recognition
Evaluation methodology

Human  abilites  description and
evaluation method

Multimodal  feedback  design  for
training and communica  tion

Safety control methods in psychical

HRI  through  modelling  human
behaviour

Control methods for pro -active
assistance approaches

Behavioural human models lea rning
algorithms

Flexible software architecture
including interfaces to ROS and

MATLAB/Simulink
Mobile manipulation control concepts
Compliance cont rol implementations

Mobile platform hardware design

System development

Hardware safety mechanisms

assistance

Proactive user -centered

functions

Human anthropometric data

Lower -limb activities support
Personalized and adaptive physical
support

Robot motion planning

Collision avoidance

Navigation

Manipulation of hinged and unce rtain

Lead Partner LUM



Deliverable D2.1

Project Title: ERGANE
(National)

Subject of intere st. Motion
Modeling.

Project Title: PELARS (EU FP7)
Subject of interest: Action
Recognition

Project Title: GSC (U K TSB)
Subject of interest: Grasping
control

Project Title: VERITAS (EU FP7
- IP)

Subject of interest: Virtual
User Modelling and
Simulation

Project Title: EnNOISIS
(National)

Subject of interest:

Intelligence System for the

Prediction, Diagnosis, Care
and Support of patients with

mental disorders

Project Title: INTERSTRESS(EU
FP7)
Subject of interest:

Management of psychological
stress

September 2015
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objects
Middleware system ARCADE for the

integration of different RAMCIP
software components
ROS modules
Real-time control implementations
Initial  RAMCIP  robot hardware
consisting of a KUKA arm

Ergonomic assessment of actions based

biomechanical models.

Action recognition and quality measures of
action execution based on vision.

Grasp different objects autonomously and
reliably 1 with better grasping possibilities for
known objects.

User modelling, virtual reality and simulation
engines i related activities

Detecting activities
patients

Computer vision

of daily living of MCI

i based monitoring

Behavioural analysis, in terms of human
gestures and body activity.
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Project Title: PIROS (' National) Solutions of PIROS for human  -like reaching

Subject of interest: Physically Compliance of manipulator arm  with
interactive robot services anthropomorphic hands

Grasping and manipulation
Safety in pHRI is studied in PIROS for humans

Project Title: IURO (EU FP7) RAMCIP body and locomotion will build upon
Robot Interaction (non Electrical and control, safety and protection
physical) systems

Low level robot control
Non - physical HRI (emot ional display)

Trajectory planner developed in IURO (target
location or a person for the navigation)

Table 11 below provides the linkage of the information introduced in Table 10. At
the same time, gives the information how advanced are works above prese nted
issues, estimated in Technology readiness level (TRL) which describes how

advanced is the respective tech nology. TRL is based on scalef rom 1to 9 with 1
being the least mature technology [ 203].

Table 11 . Results of other proj ects integrated into RAMCIP based on
artners experience RAMCIP AnnexBDo A

Home Environment monitoring and modelling

SIW for home [3Y 6 |Object recognition and tracking, 3D home

environment environment modelling and monitoring methods will
modelling and be extensively tested in the laboratory and also in
monitoring simulated/real home environments.

Human activity monitoring

S/IW  for activity [4Y 6 |CERTH has established experience in computer
tracking and vision, human activity tracking and modelling,
modelling which will form the basis for developing the activity
tracking and modelling module of RAMCIP, which
will be eventually assessed at TRL6.

Software for Fine |[3Y 5 |SSSA has experience in biomechanical grounded
grained motion motion reconstruction. Assessment of the system
reconstruction using in -lab verification with a motion capture
campaign (TRL4) that allow to assess the quality of
the results. The higher TR L is obtained through
basic integration in the full system (TRLS5).
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User models and Cognitive Functions

Virtual User Models 4Y 6 | CERTH has already established experience in Virtual

(VUMSs) Human Modelling from the VERITAS project, which
will form the b asis for developing the RAMCIP
VUMs. These will be integrated in the platform and
evaluated at TRL6.

Software for |3Y 6 |Testing of the algorithms with a capture campaign

Cognitive and involving subjects (TRL4), ev aluated using metrics

Physical Skills from the medical assessment. Integration and

modelling and evaluation will be performed on the full platform

monitoring (TRLS).

High -level cognitive |2Y 6 |The high -level cognitive functions module of the

functions module

(ADM)

RAMCIP robot will be integrate  d in the platform and
assessed in the RACMIP pilot trials (TRL6)

Human Robot Communication

Projected 3Y 6 | The AR projective concept will be implemented in a
Augmented robotic head for lab testing (TRL4), based on an
Reality Interaction existin g design, of a robotic head. The evaluation
module results will support the integration in the system for
overall assessment (TRL6).
S/IW for activity -|4Y 6 |CERTH has already established experience (TRL4)
based affect in body activity monitoring T based psychological
recognition stress detection methods developed in project
INTERSTRESS. These methods will be advanced in
RAMCIP, focusing on further affective user aspects,
to be tested at TRL6
Multimodal adaptive |4Y 6 |The multimodal adaptive human communication
Human Robot framework will be extensively tested with respect to
Communication recognition rates, modalities integration and
framework (CDM) adaptation behaviour. The resulting user interfaces
will be thoroughly evaluated following a user -
centred design a pproach.
Low -level control
Software for |3Y5 |[CERTHO6s already establishe-d
human -like reaching like reaching movements will drive the development
movements of of the respective RAMCIP software module, which
redundant will be tested in relevant home environment during
manipulators the pilot trials
Software for quality [2Y 5 |Dynamic grasping algorithm further development

grasping and testing in
anthropomorphic hands on mobile platforms;
evaluation in the lab and in the pilot trials
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Software for Safe |[2Y 5 |Natural object handover to a human; algorithm
and fluent object deve lopment and testing in the lab and then in the
hand - over pilot trials

Low-level robotic [3Y 5 |Software for low -level safety management using

control invariance control developed at TUM (TRL3) will be
adapted to increase the robustness for application
in a simulate d household environment where a
large level of sensory uncertainty exists (TRL5)

Control software for |[3Y 5 | Principle concept for manipulating hinged objects

the manipulation of developed at TUM (TRL3) will be adapted to

hinged objects robustly cope with large uncertainty in order to
become suitable for use in a simulated household
environment (TRL5)

S/W for preserving |1Y 4 |Innovative methods for ensuring human safety while

human safety at engaging in intentional physical contact wi Il be

intentional impacts developed and tested in a lab environment (TRL4)

S/W for preserving |[1Y 4 |The S/W for preserving human safety at

safety at unintentional impacts will be developed and tested

unintentional with controlled impact scenarios in the laboratory
impacts (TRL4)

Software for pro -{1Y 4 |S/W for enabling pro -active physical assistance to

active physical human user will be developed (TRL1) and tested in

assistance controlled scenarios in lab environment(TRL4)

Platform Hardware

Omnidirectional 4Y 6 | ACCREA will improve the omnidirectional platform

Platform with two objectives in mind: i) bring it toward low
cost production and ii) validate it in real world
environment.

Anthropomorphic 3Y 5 | Depending on the final performance requirements

arm ) of the R AMCIP manipulator and on the intermediate

(4Y 6)| developments of ReMeDi project, ACCREA will use
the customised ReMeDi manipulator (TRL3) and
improve it to TRL5, or commercially available joint
modules from other suppliers (TRL4) will be used to
form a manipulato r tested at TRL6.

Dexterous Hand 4Y 6 | We will test new versions of the Dexterous Hand on
the RAMCIP robot platform, which will build upon
the SHADOW hand, with real end users in
household environments, showing the transition to
TRL 6.

Human -robot interactions

Research on HRI is a relat  ively young interdisciplinary field which has attracted a

lot of attention over the past few years. The research efforts range from
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engineering through neuroscience up to medicine [63]. Such multidisciplinary
approach assures effective cooperation between human users and intelligent
machines. In health -care, the technology is most relevant is terms of
rehabilitation robots (e.g. robots that offer physical help) or social robots
equipped with communication skills. Social robots can be subdivided into service

or companion robots [64]. In the past, one of the obstacles for introducing robots

into households was a lack of socio -emotional impact. Nowadays in the spotlight
for human -robot interaction is to ensure mutual cooperation [65]. The interaction
methods in cludes verbal and non -verbal communications which influence
performance efficacy and they are reflected in us
towards the robot.

Detailed analysis on human -robot communication was presented by Mavridis
[66]. The authors prese nted a list of 10 current and future issues of
communication in HRI

All of them sum up the different roles of HRI partners and levels of conversational
abilities. Verbal communication involves voice commands and dialogues, whereas

non -verbal communication is based on emotions recognition, and proper
interpretation of gestures and postural expressions.

Robot and technology acceptance

Elderly people need considerable amount of time to learn new activities, as for

MCI patients and those suffering from early dementia would need more time [67].
Peek et al. published a summary on technology acceptance in relation to the
elderly. Acceptance in this cognitive stages is influenced by 27 factors, divided

into six themes:

1) concerns regarding technology (e.g., high co st, privacy implications and
usability factors);

2) expected benefits of technology (e.g., increased safety and perceived
usefulness);

3) need for technology (e.g., perceived need and subjective health status);

4) alternativesto technology (e.g., help by family or spouse),

5) social influence (e.g., influence of family, friends and professional
caregivers);

6) characteristics of elderly people (e.g., desire to age in place) [68].

The initial outcome from experiments with animaloid companion robots and
individuals wit h cognitive disorders were promising in terms of acceptability. The
best results were obtained among users familiar with technology [68].

Regarding the robot appearance, many humanoid robots have been criticised by
most users, however lately some small in size creative humanoid robots gain
positive feedback.

The field of assistive domestic robotic platforms for household use has been
drawing considerable attention in recent years. As opposed to other assistive
domestic robotics such as automatic floor clean ers or pure surveillance robots,
these robotic platforms are designed to provide services to their human users
through direct interaction, such as displaying information, supporting
communication with other people or simply entertaining the users [70].

September 2015 58 Lead Partner LUM



Deliverable D2.1 Dissemination Level (PU) 643433 i RAMCIP

The primary goal of these robots is to make their users feel safe and less lonely

at home, while enabling and facilitating them in their independent or semi -
independent lives at their own residences. In other words, they aim to advance

towards a robot solutio  n that will enhance wellness and quality of life for seniors,

and enhance their ability to live independently at their homes for longer time

[71]. While technology and innovative robots can provide solutions for helping the

elderly to achieve the desired i ndependent longevity at their home, elderly

peopleds attitudes, such as mistrust and suspicion
been a major setback. Finding natural ways to interact with new technologies

becomes an important challenging field of research. Tow ards this objective, our

work will employ multimodal ways of interactions that provide a natural way of
interfacing, aiming to increase the acceptance of such systems and increase their
level of adaptation.

Assisted Living environments provide a ubiquitous distribution of user interfaces
across multiple platforms. This defines a complex problem to solve when building
systems that support the creation and synchronisation of system output as well

as providing the means to semantically interpret multimodal inp ut [72].

Assisted Living environments provide interaction spaces that combine and
integrate these different aspects of user interfaces. Multiple modalities offer a
more natural and robust mode of interaction, as well as better understanding of

t he u s iatenso@s than traditional interfaces. This new way of natural
interaction provides a compensation for the limits of interaction resources and
enhances the usability for diverse users by combining adaptation mechanisms. As

a result, multimodal user interf aces have the potential to change the way people
interact with computer based systems [73].

Assisted Living environments move forward from traditional interaction
techniques. User input is not achieved through the use of the traditional point and
click int erfaces but in a rather ambient fashion using speech recognition, gestures
or augmented objects. Moreover, the output in such environments is usually
asynchronous and not always triggered by user actions.

When we begin to build and interact with machines o r robots that either look like
humans or have human functionalities and capabilities, then we increase chances

of people interact with their human -like machines in ways that mimic human -
human communication. For example, if a robot has a face, a human might

interact with it similarly to how humans interact with other creatures with faces.

Specifically, a human might talk to it, gesture to it, smile at it, and so on. If a

human interacts with a computer or a machine that understands spoken
commands, the human might converse with the machine, expecting it to have
competence in spoken language [74].

Ambient Intelligence (Aml) presents a vision of a technological environment
capable of reacting in an attentive, adaptive and active (sometimes proactive)
way to the presence and activities of humans and objects in order to provide
appropriate services to its inhabitants [75]. According to the Institute for the

Future, AEmerging technologies are transforming ev
noti on of - fourabailityitotsgnée our surroundings, our capacity to reason,
and our perception of the worldo (Blended Reality r
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In the context of Aml, the elaboration of new interaction techniques is becoming

the most prominent key to a more natural and intui tive interaction with everyday
things [76]. Natural interaction between people and technology can be defined in

terms of experience: people naturally communicate through gestures,
expressions, movements. To this end, people should be able to interact with
technology as they are used to interact with the real world in every -day life.
Additionally, Aml systems must be sensitive, responsive, and adaptive to the
presence of people [77].

Can a machine have empathy to understand ahumanods

an empathic artefact do for people at home? For years computers have been
viewed and actually were apathetic machines that only accept or reject
instructions. Empathic computing emerges as a new paradigm that enables
machines to know who, what, where, w hen and why, so that the machines can
anticipate and respond to human needs gracefully. Taking into account research
efforts so far, however, Empathic computing is narrowed down to understand

0l dwevel &6 subconscious feelings, sonorhanomay. pai n, [

Empathic computing is a combination of Artificial Intelligence (Al), network
communication and human  -computer interaction (HCI). To these end, pioneer
attempts in the field of empathic computing include:

Cyborg (Warwick) is probably the mo st daring physical empathic artefact. The
pioneer implanted an electrode array under his skin that interfaced directly into

the nervous system. The signal was fed into a robot arm that mimicked the

dynamics of Warwick's own arm. Furthermore, the researcher implanted a sensor
array into his wifebds arm with the goal of
using Internet to communicate the signal remotely.

4.2.4 Moderated group discussions

In social sciences, one of the best known methods of gathering informatio n is
workshops [42, 43, 44, 45, 46, 47, 48, 49, 50] . In order to answer the defined
research questions, the workshops were performed with medical staff and
caregivers. Workshop participants discussed issues and shared ideas on our
research questions. This qualitative approach aimed at gathering perceptions,
needs, problems, beliefs, etc. from a target audience and enabled to gain deeper

insights into the topics involved herein. Therefore, workshops were not only used

to gather representative data but also t o explore relevant issues that have to be
considered by giving participants small tasks. Group discussion and brainstorming

were useful in collecting the qualitative information.

42.4.1. Workshops

We organized two moderated group discussions with different groups : 1) medical
personnel regardless of age, and 2) caregivers of different age, in order to answer
research questions and coll ect ideas which
preparation. The group discussions were conducted in Poland at the Medical
University of Lublin (LUM) and in Spain Fundacio ACE Barcelona Alzheimer
Treatment & Research Center (ACE).

Workshops protocol
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Workshops were conducted based on the protocol (attached in Annex VI). The

main aim of the workshop was to gain a deeper underst anding about problems in
the daily life of elderly people with MCI and at early stages of AD from the point

of view of medical personnel. Moreover, we asked how the quality of life of the

RAMCIP primary target user groups could be enhanced by a usage of ro botic
assistant with reference to RA MCI P6s O0Hel en scenari ob6.
workshop was to identify general safety rules in interaction between human and

robot and make it fully safe for users. Furthermore, it focused on factors which

are connected wi th social acceptance. The ideas were very important as input for
questionnaires which were conducted later as a further method of analysis of user
requirements of the RAMCIP project.

At the beginning of the workshop, before any action was taken, each part icipant
was informed that the data gathered during the workshop would be held
confidential. With the signing of an informed consent form, each participant gave

the permission that the data could be used for scientific purposes.

First of all the idea of RAM  CIP project was presented with detailed presentation
characteristic of the primary users group; MCI and early AD patients.
Identification of the criteria for the primary user target group was stated clearly.

We focused our discussion on patients suffering from MCI and with early stages of

AD and their needs and expectations.

Workshops were conducted by moderator who followed the prepared plan.
Participants exchanged their ideas based on their experience and knowledge

This workshop was divided into three parts, based on our research questions
sections:

1) system implementation

2) safety of human -robotic interaction

3) social acceptance
Participants were asked to be divided into sub -groups; they were first expected to
work in small groups and write down the ideas and later share them with others.
A basic assumption of the workshops was to collect additional ideas and use them
in preparation of the surveys; therefore, we started with open questions to avoid
a situation of suggesting the answers to the patrticipants o f the workshops, based
on insight they would gain from the Helen scenario from the project proposal. Our
Helen scenario is a core and preliminary use -case, however we wanted to go
beyond and bring some new light.
Helen scenario is a preliminary scenario used in project application as a use case
demonstration. It was a clear visualization of HRI. However, we wanted to go
beyond available options/possibilities and bring some new lights into how a
robotic assistant might be helpful. Thus, both group discussion s used the instant
card technique for evaluation of breakdown Helen scenario. Following the instant
card technique [43], which is a participatory design method - cards were provided
in order to evaluate different activities from Helen scenario together wit h the
users (cards were attached as Annex). Their innovative and invented design
ideas. Medical personnel was asked to evaluate different functions/activities/
tasks from preliminary Use Case of Helen according to level of importance and
classified as must  have, might have/nice to have, not necessary/ or even
shoul dnét .
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Materials used during the workshop included:
Templates and forms:
Contact sheet
Informed consent form
Information sheets

Working Materials:

Video clip ( https://www.youtube.com/watch?v=21MJPdhniXc
https://www.youtube.com/watch?v=uMXD1JHeOTE )

Plain Flip chart paper and pens (different colours)
Print out of instant card s with Helen's scenario

Technical equipment:
Video camera incl. microphone
Photo camera (in order to make pictures of the feedback cards and the flip chart

4.2.4.1.1. Medical personnel perspective

Research goal

The main goal of the workshop was to get a deeper unde rstanding about which
domains of daily life activities may be impaired and to what extend for our
indicated cohort from medical personnel point of view. Important issue was to
indicate which of everyday tasks require a lot of effort or time and which are
crucial to ensuring safety, emotional health, social interactions and independence.
Another aim of the workshop was to define the potential role of the robotic
system, ways of collaboration and communication between humans and robotic
assistants. Inthat co  ntext, safety was an important consideration for indication of
possible hazardous and accidental risk reductions. Furthermore, it aimed to
identify and understand the variables that influence robotic assistant acceptance.
Ideas collected during focused gro ups helped in further preparation of surveys in
order to identify user requirements.

Workshop

On March 10th, 2015 in Department of Neurology, (LUM) Poland, the workshop
with medical personnel was conducted. The workshop lasted for 1,5 hour. The
workshop w as documented in pictures and on video recordings with further
transcriptions were prepared.

In the workshop with medical personnel, seven medical junior doctors from
Neurology Department patrticipated, as well as one nurse working in Neurological

Intensiv e Care Unit. Among them, there were 5 women and 3 men (average age

27,5 years). During the workshop, the group was divided in sub -groups consisting
of 2 -3 people.
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Figure 6. Workshop in LUM

In the following, the outcomes of dis cussions over each research question are
summarized. Specifically, for each RQ, its sub -research questions are illustrated,
along with the corresponding outcome of the workshop discussion.

RQ1 Identification of RAMCIP system implementation [8, 9, 11, 32-41, 44-
47, 50, 56, 66, 74]

RQ1.1 What are the daily life problems of patients with MCI/AD

Groups discussed about the daily life problems of people with mild cognitive
impairment and at early stages of Alzheimer's disease.

The medical personnel agreed that o ur target groups, similarly to the general
case of elderly populations, have a long list of daily life challenges ranging from
cognitive (memory, attention) to motor problems (moving, grasping). Daily life
problems start from:

- getting up from the bed,

getting dressed,

morning bathroom

hygiene procedures,

preparing and eating meals.

taking medication in regular hours,

finishing earlier started activities,

locomotion constrains as they are in high risk of falling,

house management

problems with using new technology
-communication with family and relatives,
-loosing things e.g. keys, glasses,

-getting lost in the new area and have difficulty in recognition of known persons,
or even family members.

RQ1.2 How the daily problems can be supported/solved by the robotic
assistant?
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Problematic situations defined from the discussions related to the RQ1.1, as
described above, were broken down in order to describe when the robotic
assistant might be helpful and how the robotic assistant sho uld behave.

Participants emphasized that MCI patient should perform most of her/his daily
activities on her/his own, e.g. moving, reaching objects. The robot should support
patient's e.g. balance, assist with navigation, supervise medication dosage,
remem ber the object placement and remember the shopping list. The robotic
assistant could provide a reminder about working electric appliances and then,
upon no patient action, it should turn them off. To assure safety of the patient,

the robotic assistant shou Id be able to call for help on voice command and start
video transmission in case of emergency.

Moreover, medical personnel focused on: detection of potential risks and external
factors such as: opened windows, temperature factors, help in usage of devices
and warning against foreign persons.

RQ1.3 What kind of abilities should be implemented into the robotic
assistant?

It would be good if a robotic assistant was able to recognize the obstacles in the

patientés home, have temper atidertoeclosehthe window, sensor s,
recognize the faces and voices of family members and warn against potential

risks (unknown person), carry heavy objects, supervise and remind over

medication doses (voice control), call for help (in case of heart arrest or fall).

Object illumination at night , capability to go into standby mode on the patient's

command and moving ability on different surfaces were also discussed.

As must have tasks for a robotic assistant, the following were discussed: help in
dressing up, reminding about plan of the day, facilitating the usage of home
devices and carrying heavy things.

Of moderate value, the following were found: preparation of meals, taking
medication, moving, communication, reaching different items.

What kind of activities could be done (performed) by the robotic
assistant independently and in a proactive manner?

Medical personnel answered that reminding about the prescribed medication,
cognitive exercises and finding lost objects, should be done in a proactive
manner. All the par ticipants highlighted the importance of proactive calling for
help in case of dangerous situations. A few doctors declared that a robotic
assistant does not have to encourage users to contact the family and friends
because relatives should take care of the se people. Moreover, robot should ask
questions to the patient before execution of any task or confirmation of the task.

What kind of activities could be done (performed) exclusively on
demand?

During discussion it was verified that navigation and carryin g of heavy items, help
the user to button the shirt, should be done on demand.
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Figure 7. Notes on daily life problems elderly people with MCI and early AD

RQ1.4 How important is using the robotic assistant in specific daily
si tuations described in Helen's activities scenarios?

Medical personnel was asked to evaluate different functions/activities/tasks from

preliminary Use Case of Helen according to level of importance classified as must

have, might have/nice to have, not neces sary/ or even shouldnoét. The
shown below in the following figure presenting breakdown of the Helen scenario.

All the medical professionals agreed that reminding about the medication intake is

a must -have task for a robotic assistant. Vast majo rity of participants chose

checking for correctness and safety of environment e.g. reminding about boiling

water, to turn off the gas and light as the most important issues. Providing

cognitive exercises and reaching the medication were of moderate interes t. As

imi ght have optiond were marked preparing food ar
family. Of lesser importance were evaluated buttoning the clothes and putting the

foot on footrest.
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INSTANT CARD WITH HELEN SCENARIO

[y

monitoring correctness of medication

w
=

reaching the medication

reminding about medication

reminding about boiling water, turning off the gas and... IS |
reaching fallen things I g 1
providing cognitive exercises NG 2 1
putting feet on the footrest 3 5
taking off the shoes 6 2

buttoning the clothes | 3 4

keeping touch with families and friends 7 1
preparing the food NN 6
0 1 2 3 1 5 6 7 8 9

W Must have Might have Not necessary

Figure 8. Instant card with Helen scenario result

(7]

RQ1.5 What can be the role of the robotic assistant?

Robotic assistant should provide proactive and supportive assistance. It should
urge and motivate the patient to be active and act more as an assistant than a
supervisor or servant.

RQ1.6 How shou Id the communication (interaction) between a robotic
assistant and a patient be established?

As for communication, they discussed two aspects, on one hand communication

from a user to the robotic assistant and on the other hand from the robotic
assistant t o the user. Most participants claimed that communication via verbal
channel would be the best in both situations. A robotic assistant should be
equipped with friendly voice, with language adjusted to mother tongue of the

patient , and communication performe d should be in the same room . Additionally
patient might communicate with a robot by gestures, buttons and tablets.

RQ1.7 How should the robotic assistant behave not interfere into user's
privacy. What does it mean that robotic assistant acts discreetly?

Most participants said the robotic assistant should move quietly not disturbing or
offending the user with noises. However there was a few participants who
preferred loud version, because, in their opinion, it would help to locate the

robotic assistant in  space. Robotic assistant should be rather small in 1.2 m size
and toned colour, with speed adjusted to the user mobility, and safe distance
ranging from of 1-1.5 m should be respected . Moreover, medical doctors
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suggested that robotic assistant should move on t he p ahebigenthas &t the
front to avoid risk of falling.

New possible activities which might be taken into consideration for future
implementation into a robotic assistant, were as follow:

- Calling family and services in case of emergency

- Recognition of unknown people

- Alarming whenever potential hazardous situation happen

- Hygienic procedures

- Preparing shopping list

RQ2 Safety of human - robotic assistant interaction [8,9,11,32 -41,44 -
47,50,56,66,74]

RQ2.1 How to define general safety rules?

Participants presented their ideas and discussed them. To follow general safety
rules there was a common statement that each participant of the research should
sign an informed consent and safety standards should be followed while designing
a robotic assistan t.

RQ2.2 How to make sure that participants know that the human - robotic
assistant interaction is fully safe for users?

Participants shared an opinion such that implementation of remote control may
improve safety of HRI. Ability of p ower self-loading mig ht solve the problem with
charging. In an emergency situation there should be a phone call to family or
emergency services . Obstacle detection and  identification of  barriers of the room
could prevent possible accidents. Robot lighting at night  or even an i mplemented

torch can reduce a risk of falls. To assure safety the primary user should be
warned against life -threatening situations.

A robotic assistant should have a friendly appearance and should be made of
pl astic without any shartyp edges for wuserobs

RQ3 Social acceptance of RAMCIP system [44 -47,50,52,55,57 -65,67 -72]

RQ3.1 Under which circumstances can a doctor/psychologist/therapist
agree/disagree to entrust the patient under robotic assistant?

Participants answered that health professional wou Id not accept patients who are
diagnosed with moderate or severe dementia, who are not able to sign their
informed consent or living alone without any supervision. The medical personnel
might entrust a robotic assistant after a training.

RQ3.2 Do you see any risks related to the introducing of the RAMCIP
robotic assistant to the patient care?

The most important risk related to introduction of the RAMCIP system would be
the risk of rejection by the user and technical problems
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RQ3.3 What can be the most | ikely reaction of the elderly to the possible
cooperation with the robotic assistant? What can be their emotional
response?

Medical personnel mentioned that the most common reaction of the elderly

people with MCI or AD to the possible cooperation with the robotic assistant
might be fear of technology and uncertainty of novelty, sadness and being
ashamed, whereas other group said that patient s might be intrigued by

possibilities and entertainment a robotic assistant would have to offer.

RQ3.4 What is a gene ral reaction of the elderly to technical/technological
innovations/novelties? What can be done to make them more user -
friendly?

In order to make cooperation with innovations more friendly very helpful might

be advertising and meetings with previous users, possibility  of testing ,
implementation of entertainment e.g. radio, TV. Before final introduction robotic

assistant to patientds home shoul d be training a
external control (family, medical doctors).

RQ3.5 What might be possible disadvantages of the
assimilation/adaptation of the robotic assistant with people with
MCI/AD?

All participants highlighted that a robotic assistant should behave in a proactive

way. It means that it cannot perform tasks instead of the user. A robotic ass istant
should encourage the user to be active, first reminds about activity and provoke

to execute the task to prevent the user from becoming lazy.

RQ3.6 What do you think would be the abilities and time required for
learning (and re -learning) control the robotic assistant by a user with
MCI/AD?

There is no rule, although the user should be able to cooperate with a robotic
assistant by voice commands or gestures and time required for learning differs
across individuals.

4.2.4.1.2. Caregiversd perspective

Research goal

The aim of the caregiver’s workshop was to collect information and identify the

activities of daily living that might need support in patients with AD in early

stages (MCI and mild dementia) from the point of view of the caregivers, since

this target group deal s with the consequences of cognitive impairment in their

families on daily basis.

Also, this workshop was conducted to research the opinion of caregivers about

the idea of having a robotic assistant helping AD patients, in the activities of dail y
living that they think it would be necessary to have support; and what would be
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the acceptability and preferred features of this robotic assistant among
caregivers.

Workshop

The caregiver’s workshop was conducted on March 31th 2015, at the Diagnostic

Unit of the Fundaci6 ACE, Barcelona Alzheimer Treatment & Research Center;

with 10 participants (caregivers of patients with MCI and mild AD, CDR: 1, GDS:

4), 3 moderatos (a nurse, a psychologist and a neurologist) and 1 e Idercare
provider (who recorded the m eeting). The mean age of the participants were 67.9

years old (54 -78), and the group was formed by 7 females and 3 males. Seven
participants were retirees and three employees (2 administrative personnel and 1

National Institution of the Social Security wor ker).

The duration of the workshop was 2 hours and 30 minutes, and all participants
singed an informed consent.

During the workshop it was followed a scheme with the aim of address the
caregiver’s opinion about idea of letting a robot assistant help or sup port a
patient with Alzheimer’s Disease, using the following materials: contact sheet,

informed consent form and information sheet.

With that objective in mind, the following research questions were answered.

RQ1 Identification of RAMCIP system implementa tion [8,9,11,32 -41,44 -
47,50,56,66,74]

This question was explored after dividing the 10 participants in 2 groups of 3 and
1 of 4 persons. Each group discussed the questions and gave their joint answers.

RQ1.1 What are the daily life problems of patients wi th MCI/AD?

The caregivers mentioned the activities of daily living where they find problems,
ranging from basics activities to instrumental activities:

Basic activities

-prepare clothing,

-supervision in the use of the WC,
-remember change of clothes,

-supervision in the use of the WC,

Instrumental activities:

-repetitive nourishment,

-medication’s management: preparation (supervision and supply),
-telephone use,

-cooking,

-buying food,

-do the laundry,

-mobility in familiar places.
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Likewise, th e caregivers talk about the issues due to the memory impairment,
finding that they have to remind almost all the activities of daily living to their
relatives, and their personal data: address, phone number.

RQ1.2 How the daily problems can be supported/s olved by the robotic
assistant?

The participants opined that a robotic assistant can support patients with early AD

in: cleaning the house, personal hygiene, helping the patient to get in the shower,

cooking, use the telephone, assist in video -conference, alert in case of
emergencies (family and the public emergency system), perform cognitive
stimulation and provide leisure to the patient.

RQ1.3 What kind of abilities should be implemented into the robotic
assistant?

To explore how the activities mention ed above can be assisted by a robotic
system, the following questions were answered.

- What kind of activities could be done (performed) by the robotic
assistant independently and in a proactive manner?

These activities could be done by the robotic assist ant in an independent and
proactive manner: remind the patient to take medication, and personal hygiene,
supervise that the patient closes the faucet, supervise the water temperature

when the patient takes a shower, detect if there is necessary to clean th e
bathroom, help the patient to do the shopping list, walking with the patient, and

provide physical exercise  to the patient.

- What kind of activities could be done (performed) exclusively on
demand?

The following activities could be done only on demand: feed the patient, allow
communication between the patient and his/her family, have a calendar of
important dates and medical appointments, help the patient to dress, and to put

the shoes and socks, turn off the TV/radio and read a book to the patient.

RQ1.4 How important is using the robotic assistant in specific daily
situations described in Helen's activities scenarios? + RQ1.5 What can be
the role of the robotic assistant?

All participants agreed to have support by a robotic assistant in the situatio ns
described in Helenbdbs scenari o, and they ordered
activities from the cards of Helen’s scenario, with the following results:

In summary, the activities can be ordered as follows ( Table 12).

RQ1.6 How should the communication (interaction) between a robotic
assistant and a patient be established?
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The participants agreed the communication should be by voice, and the robotic

assistant should: sing, answer questions, have conversations wit

able to detect patient’s frame of mind.

h the patient, be

Table 12 . Evaluation of activities from instants card of Helen’s scenario

Team 1

Team 2

Team 3

1 RAMCIP alerts Helen to
turn off the gas; since
Helen doesn’t do it the
rob ot does it

RAMCIP alerts Helen to
turn off the gas; since
Helen doesn’t do it the
robot does it

RAMCIP alerts Helen to
turn off the gas; since
Helen doesn’t do it the
robot does it

2 RAMCIP reminds Helen
about the boiling water

RAMCIP reminds Helen
about the boiling water

RAMCIP reminds Helen
to take her medication

3 RAMCIP detects a
fallen spoon on the
floor, picks it up and
gives it safely

RAMCIP detects a fallen
spoon on the floor,

picks it up and gives it
safely

RAMCIP reminds Helen
about the boiling water

4 RAMCIP fetches the
medication for Helen

RAMCIP reminds Helen
to take her medication

RAMCIP fetches the
medication for Helen

5 RAMCIP reminds Helen
to take her medication

RAMCIP fetches the
medication for Helen

RAMCIP detects a fallen
spoon on the floor, picks
it up and gives it safely

6 RAMCIP proactively
moves to the footrest
and brings it to Helen

RAMCIP stimulates
Helen to see the
grandchildren

RAMCIP performs
cognitive stimulation

7 RAMCIP stimulates
Helen to see the
grandchildren

Acknowledg e the
correctness of the
activity performed by
Helen

RAMCIP stimulates
Helen to see the
grandchildren

8 Acknowledge the
correctness of the
activity performed by
Helen

RAMCIP performs
cognitive stimulation

RAMCIP proactively
moves to the footrest
and bring s it to Helen

9 RAMCIP performs
cognitive stimulation

RAMCIP reminds Helen
to button her shirt

RAMCIP reminds Helen
to button her shirt

10 | RAMCIP reminds Helen
to button her shirt

RAMCIP proactively
moves to the footrest
and brings it to Helen

RAMCIP rem inds Helen
the lightit’s on, and
turns it off

11 | RAMCIP reminds Helen
the lightit’s on, and
turns it off

RAMCIP reminds Helen
the lightit’s on, and
turns it off

RAMCIP congratulates
Helen when she finishes
tasks with success
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RQ1.7 How should the robo tic assistant behave not interfere into user's
privacy. What does it mean that robotic assistant acts discretely?

The participants agreed that the patient should ask the robot to be alone, and the
robotic assistant should respect the patient’s choice.

Taking into account the activities from Helen’s scenarios and the answers in the
RQ.1, RQ.2 and RQ.3, participants mentioned the following new activities:
- Clean the house.

- Remind the patient about personal hygiene.

- Help the patient to get in the shower.

- Help the patient in the telephone use.

- Supervise that the patient closes the faucet.

- Supervise the water temperature when the patient takes a shower.
- Detect if there is necessary to clean the bathroom.

- Help the patient to do the shopping list.

- Walking with the  patient.

- Feed the patient.

- Have a calendar of important dates and medical appointments.

- Help the patient to dress, and to put the shoes and socks.

- Turn off the TV/radio.

- Read a book to the patient.

RQ2 Safety of human - robotic assistant interaction [8,9, 11,32 -41,44 -
47,50,56,66,74]

Safety questions were explored among participants, and they mentioned that a
safety design will be: a round shape with articulations (if necessary), anti -allergic
material and an auto  -cleaning and diagnosis systems (for example: low battery).

Also, the caregivers agreed that for an activation system alarm and response, the

robotic assistant should: gas, faucet, light; diagnose possible illness (for example

to control of vital signs: temperature, arterial pressure, etc.), be able to do
something in case of danger, communicate with: family, fire department, police;

have an anti -sabotage system, have a login/password system.

Similarly, the participants think that a family member must be responsible for the
robot assistant.

RQ3 Soci al acceptance of RAMCIP system [44 -47,50,52,55,57 -65,67 -72]

Six out of ten participants accepted to have a robot at home. In general, patients
will agree to have a robot, but the caregivers enface the robot assistant as a
support and not as a human substit ute.

The participants gave their opinion on elements of social acceptance, mentioned

that the design should be not in a human form, small, round shape and kind voice

and pleasing to the eye. For the functions, the robotic assistant should be able to

reach and grasp things with robotic arms; and it should be controlled by voice.

Also, the caregivers think they would not need time for learning, and the robot

must have personalized features.
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4.2.4.1.3. Summary from both workshops

The workshops investigated a list of da ily tasks that are crucial for maintaining

usersod quality of l'ife and can be improved by the
general safety rules and social acceptance conditions of human -robotic assistant

interaction were explored.

In workshops took part tw o groups of different professions (medical personnel
and caregivers), experience with MCI and early AD patients and -culture
background (Polish and Spanish nationalities). Therefore overall results and
conclusions from moderated discussions were slightly d ifferent.

As the main problems and challenges in MCI and AD patients medical personnel
highlighted problems with regular medication intake, task accomplishments and
general forgetfulness. Since people with dementia have memory problems, it is
common to omi t medication dosage which might be dangerous from a medical
point of view.

In comparison to medical personnel, the caregivers focused on issues connected
with daily care and hygienic procedures: dressing and changing clothes, proper
nourishment, bathroom u  sage together with daily activities: cooking, shopping
and laundry. Both groups agreed that memory alteration significantly decreases
the quality of life in many aspects of daily living.

RQ1.2 answered how robotic assistant could help target population in daily
problems. Medical personnel declared that most of everyday life activities should
be done independently by MCI and AD patients. Robotic assistant, in medical

personnel opinion, should motivate and encourage the primary user to stay

active, only suppo rting in balance, navigation, shopping list preparation. However

in specific potentially hazardous situations robotic assistant may undertake the

action e. g. in case &electric devi ces are without
agreed that in unexpected and s erious events such as falls, a robotic assistant

should alarm proper services and relatives.

Caregivers group mentioned that a robotic assistant may support daily challenges

in: cleaning house, personal hygiene, helping the patient to get into the shower,
cooking, telephone usage and assistance in video -conferences. Moreover, Spanish
caregivers added that a robotic assistant might perform cognitive stimulation and

provide entertainment to the user.

The following question RQ1.3 classified the activities into proactive and on
demand. For medical personnel and caregivers, the robot should proactively
remind about the medication intakes. Additionally, the health professionals
indicated cognitive exercises, finding lost objects and calling for help as
independent tasks of robotic assistant. Caregivers listed as proactive activities:
supervision over closed faucet and water temperature, detection of clean
bathroom, help in doing shopping list, walking and providing physical exercises.

Activities which should be don e exclusively on demand were: navigation, carrying
heavy things, feeding, communication, calendar of important dates and medical
appointments, dressing, putting the shoes and socks, turning off the TV/radio and
reading a book.
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Importance Medical personnel Caregivers
value LUM ACE
HIGH RAMCIP reminds Helen to take RAMCIP alerts Helen to turn
her medication off the gas; since Helen
doesn’t do it the robot does
it
HIGH RAMCIP monitor s correctness RAMCIP reminds Helen
for medication about the boiling water
HIGH RAMCIP alerts Helen to turn off RAMCIP detects a fallen
the gas; since Helen doesn’t spoon on the floor, p icks it
do it the robot does it, RAMCIP up and gives it safely
reminds Helen about the
boiling water
MODERATE RAMCIP  performs  cognitive RAMCIP fetches the
stimulation medication for Helen
MODERATE RAMCIP helps in food RAMCIP reminds Helen to
preparation take her medication
MODERATE RAMCIP detects an utensil on RAMCIP performs cognitive
the floor, picks it up and gives stimulation
it safely
MODERATE RAMCIP fetches the medication RAMCIP stimulates Helen to
for Helen see the grandchildren
MODERATE RAMCIP stimulates Helen to Acknowledge the
see the grandchildren correctnes s of the activity
performed by Helen
LOW RAMCIP helps in taking off RAMCIP reminds Helen to
shoes button her shirt
LOW RAMCIP reminds Helen to RAMCIP proactively moves
button her shirt to the footrest and brings it
to Helen
LOW RAMCIP proactively moves to | RAMCIP reminds Helen the

the footrest and brings it to
Helen

light it’s on, and turns it off

Next part evaluated different tasks from Helen Scenario

case. The table 13 presents summary of results.

New activities which derived fr

- Call family and services in case of emergency
- Recognition of unknown people

- Alarm whenever potential hazardous situation happen
- Hygienic procedures
- Prepare shopping list
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- Clean the house.

- Reminds the patient about personal hygiene

- Help the patient to get in the shower.

- Help the patient in the telephone use.

- Supervise that the patient closes the faucet.

- Supervise the water temperature when the patient takes a shower.
- Detect if there is necessary to clean the bathroom.

- Help the pati ent to do the shopping list.

- Walking with the patient.

- Feed the patient.

- Have a calendar of important dates and medical appointments.
- Help the patient to dress, and to put the shoes and socks.

- Turn off the TV/radio.

- Read a book to the patient.

At all proj ect stages safety rules should be followed as the priority. Firstly,
informed consent should be obtained. Secondly, caregivers mentioned safety

design of robotic assistant (round shape, anti -allergic material). Next, alarm
activation in unexpected and seri ous situations such as: open gas/faucet/light
sour ce detection, screening abnor mal user o6s stat

services and protection against potential external threats.

In order to increase social acceptance of robotic system the following solut ions
were proposed: training, contact with previous users, acceptable design, expected
functionalities  (reaching/grasping), preferable voice communication and
customization to individual user.

Conclusions

The overall differences derived from different pr ofessions, experience and
cultures.

The Polish medical personnel participants emphasized that a robotic assistant
should first of all encourage and activate the user to perform the task, instead of

doing it for him/her. A robotic assistant should behave a S supportive not as
servant. All health professionals agreed that medical issues connected with
medication intake and cognitive exercises were the most important from their

point of views.

The Spanish caregiver participants would agree to let a robotic ass istant help and
support a family member with AD patients, but keeping in mind that a robot will

not be a substitute for a human company/help. They realize the novelty of the

project, and in general see the idea of a robotic assistant as a way to maintain
patient’s independency and quality of life. The activities the participants
emphasized were: supervise patient’'s medication, remember the patient
activities of daily living (shower, change clothes, eat, get dress), and help the

patient in some instrumental activities such as cooking, use the telephone, and
clean the house.
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4.2.5. Surveys

The purpose of conducting the surveys was to deepen and quantify the insights

gained from the workshops. We collected information about potential users, their
caregivers and medic al staff expectations and in cooperation with other partners
assessed the robot's functions, appearance, and possibilities of HRI. Based on the
results of the workshops and the surveys analysis we created a list of the
requirements and needs regarding the robotic assistant. Using statistical

methods, a prioritization of the needs has been performed in order to identify
which expectations are the most important for the respondents.

There were two main objectives in designing questionnaires, to maximise the
proportion of subjects answering the questionnaire and to obtain relevant

information from surveys. The questions in survey demonstrate the particular
objectives and general one, formulated in T2.1 (DoW)
The survey questions are divided into two groups, namely demographic  questions

and questions concerning the subjective experience of the respondents. The first

group of questions is created to gather objective information about the
respondent, which is also a criterion of the research group classification. This is
information based on demographic data, such as: gender, age, career status,
education, etc. Despite relatively easy requirements of demographic questions
formulation, there may be certain issues with gaining information, as these
questions may app ear troublesome to the older respondents, particularly to the

ones with cognitive impairments. In such case, the researcher will be encouraging

the respondent to give the answer, or he/she will consult with a person from the
respondent’'s nearest environmen t.

The second group questions assess the respondent's subjective impressions,
including attitudes, feelings and opinions. It is worth noticing, that each question

concerning an opinion/attitude has an alternati

we cannot ass ume that each respondent will have a definite opinion on our
subject.

In the surveys, there are two kinds of questions, closed -ended and open -ended.
The closed ones contain the sets of responses (cafeteria style), where the
respondent may choose the one e xpressing his/her opinion (or facts, if they are

demographic questions). The demographic closed -ended questions concern, for
instance, gender, meanwhile the attitude oriented questions concern opinions of
RAMCIP application (quest. 9, survey for the users) . The open -ended questions

do not suggest particular types of answers, so the ones given by respondents are

then registered as their attitudes or opinions. The advantage of these questions is

that the information is gained directly from the respondent, whi ch assures the
latter's spontaneous and sincere manner of responding.

The open -ended and closed -ended questions in the surveys are edited in
compliance with Lazersfeld criteria [98]. Closed -ended questions concern
particular approval or disapproval of a r obot assistant application and its
activities. They also consider possible fact of a respondent's cognitive
impairments. The closed -ended questions require less effort from such persons.

Open-ended questions are used where the respondent's total point of v iew is
required. They help to verify, whether a question has been understood. In the
open questions, the responses are written in open fields. In closed questions, one

should mark the response given by the respondent. There are also semi -closed

questions, where it is impossible to write one definite response if it is unavailable
in the cafeteria.

In the questions about attitude and opinion, the estimated scale is used (e.g.
quest. 14, survey for the caregivers). The abovementioned scale helps the
responde nt to express his/her opinion referring to specific categories
(quantificators) e.g. | agree, | rather agree, neither yes, nor no, | rather don't
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agree, | don't agree. The quantificators express the respondent's opinion
strength. Large number of questions is formed in tables. This makes significant
quantity of ones belonging to the same cafeteria fit to the tabular form, which

makes the answering process easier and more ergonomic to the respondent. The

tabular questions build the question -response matrices , which creates more
clarity for the researcher and helps in the results interpretation (e.g. quest. 27,

survey for the caregivers). In the survey for the medical personnel the responses
ranges are applied. This method helps to obtain information on signif icance, or
priority of particular robot assistant's features expressed by the respondents.

The questions order has been established with use of the funnel strategy. Each
following question is referring to its precedent one in more detailed content. The

previous questions refer to the problems usually concerning people with cognitive
impairments. The following questions concern particular activities made by a

robot assistant.

Each survey's set of questions is preceded with an introductory letter, containin g
information about RAMCIP, the survey objectives, explanations why the
responses are necessary and statement of complete confidentality of shared and

collected information. This letter helps to encourage the respondent to participate

in research. The let ter ends with a legend, informing of individual responses
matching: check only one response; check at least one response (multiple

choice).

Determining the sample

The research includes persons of particular social and medical profile. The surveys
have bee n designed for the three groups of respondents indicated above. The
results generalisation is made through sample selection in two autonomic
centres: LUM and ACE.

The group of medical personnel included doctors, nurses, psychologists and
therapists workin g in a given medical centre. The qualification criterion, except
the job factor, was the experience with patients suffering from cognitive
impairments. This group of respondents was heterogeneous in its professional

aspect, which was caused by the medical centre departments organisation
structure.

The potential users group included the patients from two independent medical
centres LUM and ACE:

- suffering from cognitive impairments (MCI) or early stages of AD ,

- meeting the criteria of RAMCIP user (for fu rther information see Annex I) ,

especially MMSE score between 20  -26 points.

Participants were randomly selected to the study based only on the time of their

arrival to the cen ters (LUM and ACE) A third group was also included in the
research, concerning the caregivers of patients with cognitive impairments. The
third group selection was synchronised with the potential users group, as these
participants were responsible for taking care of the patients. In the event of many
caregivers taking care of a patien t, the respondents group included the most
involved and close ones to the patients (family members).

Such selection of research groups helped us to extend previous knowledge about
our patients' every day life, thanks to information obtained directly from the
patients with cognitive impairments, observers from their environment and
experienced medical personnel.

In total, we received 264 completed questionnaires (100 from medical staff, 81
from caregivers and 83 from potential users). 154 surveys (50 from medical staff,
51 from caregivers and 53 from potential users) have been gathered by ACE,
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remaining 110 surveys have been collected in Lublin (50 from medical staff, 30
from caregivers and 30 from potential users)

Male -to -female ratio was 1:1.55 (103 m en and 160 women).

Table 14 . Survey participants gender

LUM ACE
male female male female
. 10 20 21 32
potential users (33.33%)  (66,67%) (39,62%) (60,38%)
caregivers 6 (20%) 24 (80%) 20 (40%) 30 (60%)
medical personnel 12 (24%) 38 (76%) 8 (16%) 42 (84%)

With regard to an idea of robotic assistants helping elderly people in daily
activities , over 65,13% of respondents think that is good idea, 26,82% have
a doubt and only 8,05% is sceptic.

Table 15 . Distribution of answers among respondents.

Good idea Questionable Never agree
medical personnel 61 36 3
Caregivers 52 14 14
potential users 57 20 4

4.2.5.1.  Survey with medical personnel

4.25.1.1. Methodology and medical personnel survey analysis

The survey consisted  of statements related to three general issues: participants
profile, results, usability and acceptance of the RAMCIP system by medical staff

and Identification of the RAMCIP system implementation. The medical personnel
were firstly asked to evaluate potent ial users needs as well as their functional
difficulties, and secondly to indicate value of each proposed solution. The Likert

format of answers has been applied. It implies that the scores are valued as

follows: 1 (very important, patient has substantial difficulties with this and
proposed solution is not desirable) up to 5 (very unimportant, patient can do this

on his own without any difficulty amaansgikeituti on i sn¢
score for each statement with the standard deviation were pro vided. Later the
prioritization: high priority (must have) mean less than 2,through medium priority

(might have) between 3 and 2, up to low priority (not necessary) more/equal

than 3; has been conducted.

4.25.1.1.1. Profile of participants

Physicians completed 39 ques tionnaires (14 neurologists, 1 psychiatrist and 24
resident physicians), psychologist - 11, therapists - 23 and 27 questionnaires
were completed by other medical personnel (mainly nurses) involved in the

elderly patient care. The age of the survey particip ants ranged from 21 to 72
years with a mean age of 37 years. Male -to-female ratio was 1:1.2 (46 men and

54 women). Most responders work with patients with cognitive impartment on

everyday basis (58) in hospital (62) or adult day care center (32). According to
their experience on actual position, 31 participants work over ten years, 17 work

from six to ten years, 37 work from one to five years and 15 work less than one
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year. In generally, medical staff use tests to monitor cognitive decline of their

patients (78). Most frequently used tool to assessed cognitive domain were MMSE

(78%) but other were also used (CRD 2§ 22%; RBMT [79] i 5%; SMQ [80] i
1%; Others T 26%).
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4.251.1.2. Results
Detailed results of prioritization are shown in table 10.

Table 16 . Results from guestionnaires with medical staff.

Whole group of

LUM Poland ACE Barcelona . Prioritization
medical staff
Mean Priority Mean  Priority Mean SD
Increased frequency of falls 1.66 H 1.47 H 1.58 0.65 H
Asks: OHow aretc.you feeling?0 e 2.4 M 1.59 H 2 0.96 M
Calls family if person agrees 2.06 M 1.67 H 1.87 0.82 H
Calls emergency if it does not receive an answer 1.34 H 1.18 H 1.26 0.56 H
Registry of falls 2.0 M 1.9 H 1.94 0.86 H
Disturbance of motor functions 1.66 H 1.58 H 1.62 0.57 H
Turns the light on when it is too dark and the person starts moving 1.99 H 1.42 H 169 0.79 H
around the house
Moves dangerous obstacles 1.76 H 1.47 H 1.62 0.68 H
Reminds about technical aids that 2.1 M 1.67 H 1.89 0.78 H
Reaches for faIIer_1 utensils and _hands them over to the patient, in order 299 M 19 H 206 0.88 M
to prevent the patient from bending over
Inappropriate use of home appliances 1.66 H 1.58 H 1.62 0.65 H
Reminds of electric home appliances working withoutuser 6 s at t 1.72 H 2.06 M 1.89 0.85 H
RemlndsAof home apphance; working with water, gas or fire without 16 H 128 H 1.44 067 H
user6s attention
;I;]Lijsrns working home appliances off while user is busy and asks to do 188 H 15 H 169 0.79 H
Detects smoke or gas and sounds the alarm 1.3 H 1.1 H 1.2 0.51 H
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Incorrect recognition of strange persons and their intentions 2.04 M 1.71 H 1.90 0.92 H
Recognizes strangers 1.96 H 1.6 H 1.78 0.94 H
Informs family members about such visits 2.08 M 1.81 H 1.95 0.88 H

Incorrect intake of medicine 1.38 H 1.03 H 1.23 0.45 H
Reminds about medication 1.42 H 1.14 H 1.28 0.49 H
Monitors correctness of medicine intake 1.34 H 1.1 H 1.22 0.44 H
Automated medication dispensing service 1.82 H 1.4 H 1.61 0.75 H
Failure to keep schedule of medical tests 1.88 H 15 H 1.72 0.73 H
Reminds about medical tests schedule 1.62 H 1.3 H 1.46 0.67 H
Records medical test results from schedule 1.94 H 1.96 H 1.95 0.87 H
Provides instructions on how to use the medical equipment 2.16 M 1.75 H 1.96 0.88 H
Necessity to perform cognitive and physical rehabilitation 2.14 M 1.37 H 1.81 0.84 H
Invites patient to rehabilitation 1.84 1.71 H 1.78 0.74 H
Explains how to perform cognitive and physical exercises 2.18 M 1.62 H 191 0.86 H
Properly recognizes the most suitable time for the patient to perform 252 M 202 M 597 0.89 M
such exercises
Increase/decrease difficulty of cognitive exercises 2.26 M 1.71 H 1.99 0.90 H
Stimulates the patient to keep in touch with family and friends 2.26 M 1.49 H 1.88 0.95 H
Inappropriate clothes selection 2.64 M 1.76 H 2.26 0.83 M
Monitors proper selection of clothes 2.74 M 1.77 H 2.26 0.96 M
Points improper selection of clothes 2.88 M 1.77 H 2.34 1.03 M
Helps during dressing 2.1 M 1.69 H 1.9 0.83 H
Difficulties with food choice and eating 2.22 M 1.39 H 1.86 0.79 H

September 2015 81

Lead Partner LUM



Deliverable D2.1 Dissemination Level (PU)

643433 T RAMCIP

Reminds the time of preparing meals 2.28 M 1.59 H 1.94 0.86 H
Reminds about regular water drinking and controls proper amount of it 1.96 H 1.45 H 1.71 0.77 H
Suggests proper diet 2.56 M 1.77 H 2.17 0.98 M
Helps the patient to prepare food 2.1 M 1.51 H 1.81 0.74 H
Problems with finding objects 2.32 M 1.58 H 2.0 0.82 M

Remembers where important items were placed 2.12 M 1.38 H 1.75 0.81 H
Fetches things patient asks for 2.38 M 1.88 H 2.13 0.91 M
Informs about the danger arising from improper object location 2.12 M 1.4 H 1.77 0.82 H
Difficulties to perform household chores 2.82 M 1.87 H 241 0.97 M

Reminds to perform sweeping 3.28 L 2.18 M 2.84 1.0 M
Reminds to perform dusting 3.34 L 2.3 M 2.83 1.0 M
Reminds to perform dishwashing 3.34 L 21 M 2.71 1.0 M
Reminds to water plants 3.24 L 2.39 M 2.82 0.95 M
Reminds to return to household tasks after being interrupted 2.88 M 1.84 H 2.36 1.02 M
Suggests which tasks are prioritized 2.46 M 1.92 H 2.19 0.89 M
Reminds about events/deadlines 2.22 M 1.57 H 1.9 0.89 H
Robotic assistant looks friendly 2.24 M 1.72 H 2.02 0.89 M

Overall appearance is similar to the human body 2.38 M 1.94 H 2.16 0.98 M
Overall appearance is similar to the pet 3.56 L 3.33 L 3.44 1.23 L
Robotic assistant should be shorter than human 2.62 M 2.65 M 2.63 1.16 M
Robotic assistant should be taller than human 3.78 L 3.15 L 3.47 1.26 L
Robotic assistant should have positive emotional facial expressions 2.1 M 1.58 H 1.84 0.92 H
Robotic assistant communicates with user in simple, friendly and 1.74 H 1.24 H 152 0.76 H

transparent way
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Reacts to name 1.56 H 1.33 H 1.44 0.69 H
Has a nice voice 1.62 H 1.35 H 1.49 0.66 H
Uses honorific forms 2.02 M 2.62 M 2.32 0.95 H
Tells jokes 3.0 L 3.17 L 3.08 1.05 L
Robotic assistant is operated with remote control 2.28 M 2.51 M 2.39 1.09 M
Robotic assistant is operated with touch screen 2.7 M 2.28 M 2.49 1.11 M
Robotic assistant is operated with voice commands/ gestures 1.7 H 1.36 H 1.53 0.75 H
Robotic assistant can talk back to the user 2.18 M 1.16 H 1.67 0.92 H
Robotlc_ a53|st'ant has a face that can express its feelings throughout the 234 M 1.69 H 202 0.9 M
interactions with the users
Robotlc assistant can take part into dialogue interactions with the user 216 M 1.39 H 177 0.83 H
in order to complete required tasks
Rob_ot|c gssstant can be controII(_ad dlfectly fror_n the touchscreen it 252 M 198 H 295 118 M
carries without the need to engage in a dialogue with the user
Robotic assistant can project images and information on surrounding 216 M 188 H 202 0.98 M
environment objects, floors and walls or even body parts

Robotic assistant should behave in proactive and discrete way 1.88 H 1.51 H 1.73 0.68 H
Moves in a noticeable and audible way 1.86 H 1.92 H 1.89 1.01 H
Waits in designated places where it can observe the patient 1.78 H 1.6 H 1.69 0.76 H
Changes position if it improves the observation 2.08 M 1.49 H 1.79 0.87 H
Approaches exclusively on demand 2.42 M 2.12 M 2.21 1.11 M
Goes into standby on demand 2.32 M 2.3 M 2.31 1.11 M
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The results of the questionnaires allowed to prioritize the statements in
accordance to their importance and categorize them into four groups as reported

in the following sub  -section s:

Differences between countries are shown in Table 10. There are some functions
among differences in prioritization:

Asks: OHow are you feeling?0 etc.
Calls family if person agrees

Registry of falls

Remi nds about technical ai ds tyt hat i mprove wusero6s
Reaches for fallen utensils and hands them over to the patient, in order to
prevent the patient from bending over

Informs family members about such visits

Provides instructions on how to use the medical equipment

Explains how to perform cognitive and ph ysical exercises
Increase/decrease difficulty of cognitive exercises

Stimulates the patient to keep in touch with family and friends

Monitors proper selection of clothes

Points improper selection of clothes

Helps during dressing

Reminds the time of prepari ng meals

Suggests proper diet

Helps the patient to prepare food

Remembers where important items were placed

Fetches things patient asks for

Informs about the danger arising from improper object location

Reminds to return to household tasks after being inte rrupted

Suggests which tasks are prioritized

Reminds about events/deadlines

Overall appearance is similar to the human body

Robotic assistant should have positive emotional facial expressions

Robotic assistant can talk back to the user

Robotic assistant ha s a face that can express its feelings throughout the
interactions with the users

Robotic assistant can take part into dialogue interactions with the user in
order to complete required tasks

Robotic assistant can be controlled directly from the touchscreen it carries
without the need to engage in a dialogue with the user

Robotic assistant can project images and information on surrounding
environment objects, floors and walls or even body parts

I Changes position if it improves the observation

= = = A=A -8 _8_8_0_0_-90_290_90_-0_-92_-°_-9_9_42_-4_-49_-92_-°a_-2° E R EEE

Functions liste d above implemented into RAMCIP robot have high priority (H) for
Spanish respondents compered to medium priority (M) for Polish responders.

Reminds to perform sweeping

T  Reminds to perform dusting

T Reminds to perform dishwashing
 Reminds to water plants

Functions listed above implemented into RAMCIP robot have medium priority (M)
for Spanish respondents compered to low priority (L) for Polish respondents.
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T Reminds of electric home appliances working witho

Function listed above implemented into RAMCIP robot have medium priority (M)
for Spanish respondents compared to high priority (H) for Polish responders.

4.25.1.1.3. Usability and acceptance of RAMCIP system by medical personnel

Medical personnel stated that certain functions are a must to have:

1 Possibility to personalize a robotic assistant (e.g. name, voice etc.)

1 Robotic assistant should wait in the designated places where it can observe the
patient, changes position if it improves the observation

1 Robotic assistant should move in noticeable and a udible way

and optional, as might to be implemented:
1 Robotic assistant approaches exclusively on demand

1 Robotic assistant goes into standby on demand

4.25.1.1.4. Identification of RAMCIP system implementation

a) Design of the robotic assistant

As a must to have functi on medical personnel mentioned:
1 Robotic assistant should have positive emotional facial expressions

As an optional, might, function pointed at:
1 Robotic assistant should be shorter than human and appearance is similar to
the human body
1 Robotic assistant h as a face that can express its feelings throughout the
interactions with the users

As a not necessarily implemented was:
1 Robotic assistant should be taller than human and appearance is similar to the
pet body

b) Users interaction with the robotic assistant

As a must to have function medical personnel mentioned:

1 Robotic assistant is operated with the voice commands/ gestures

1 Robotic assistant can talk back to the user and can take part into dialogue
interactions with the user in order to complete required tas ks

As an optional, might, function pointed at:
1 Robotic assistant can be controlled directly from the touch screen it carries

without the need to engage in a dialogue with the user
1 Robotic assistant uses honorific forms
1 Robotic assistant is operated with remote control or touch screen

As a not necessarily implemented was:
1 Robotic assistant tells jokes
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c) Functional requirements

As a must to have function medical personnel mentioned:

f
f

f
f
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Robotic assistant reminds about and monitors correctness of medicine intak
Robotic assistant registries episodes of falls and call for help (emergency or
family)

Robotic assistant detects smoke or gas and sounds the alarm

Robotic assistant reminds of home appliances working with water, gas, fire
and el ectricityattantidnhout wuser 0s

Robotic assistant turns off working home appliances while user is busy and
asks to do this

Turns the light on when it is too dark and the person starts moving around the
house

Remi nds about technical aids that i mprove

Robotic as sistant moves dangerous obstacles to prevent user falls

Robotic assistant reminds about medical tests schedule and records the
results

Robotic assistant provides instructions on how to use the medical equipment

Robotic assistant stimulates the patient to keep in touch with family and

friends

Robotic assistant performs cognitive and physical exercises and explains how
to do that

Robotic assistant increase/decrease difficulty of cognitive exercises

Reminds about time of preparing meals and regular water d rinking with

control of proper amount of liquids intake

Robotic assistant helps the patient to prepare food

Robotic assistant recognizes strangers and informs family members about
such visits

Robotic assistant remembers where important items were placed a nd informs

user about the danger arising from improper object location
Robotic assistant helps during dressing
Robotic assistant reminds about events/deadlines

As an optional, might, function pointed at:

1

f
f

E R ]

Robotic assistant can project images and informati on on surrounding

environment objects, floors and walls or even body parts
I n case of user falls robotic assist
Robotic assistant reaches for fallen utensils and hands them over to the

ant

patient, in order to prevent the patient from bending over and also fetches

things patient asks for.

Properly recognizes the most suitable time for the patient to perform cognitive
exercises

Robotic assistant suggests proper diet

Robotic assistant monitors proper selection of clothes

Robotic assistant reminds to perform household tasks (dishwashing, water
plants, dusting etc.) and suggests which tasks are prioritized

4.2.5.2.  Survey with caregivers

4.2.5.2.1. Methodology and the caregiver's survey analysis

The survey consisted of statements related to three

profile, usability and acceptance of the RAMCIP system by the caregivers and
identification of the RAMCIP system implementation.
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In the section of Epidemiological data short characteristics of caregivers were
performed. We foc used on age, education level, professional activity and
information regarding to activities as a caregiver.

In Acceptance of RAMCIP system by caregivers section level of a robotic assistant

acceptance by caregivers was measured. The frequency of answers ha s been
provided as well.

In the section concerning Identification of RAMCIP system implementation 5 -point
Likert scale was used in the same way as described in section Surveys with
medical personnel. [78]

In the part about identification of main situations when robotic assistant could be

helpful answers were categorized into three groups: must (1 point), might (2
points), shouldn't (3 points) and then prioritization was performed.

Frequency of answers (in percentage) was taken into consideration. High prio rity
was given to answers which were chosen by over 50% of respondents. Medium

priority for answers marked by 25% - 50% respondents. Low priority for answers
which was chosen by less than 25% caregivers.

Visualization in figures was used for better present ation of outcomes.

The survey consisted of statements related to three general categories: profile of
participants, usability and acceptance of the RAMCIP system, identification of the
RAMCIP system implementation.

4.25.2.1.1. Participants profile

Ratio male to femal e was 1:1,68. Regarding the level of education: 29,63%
attended a high school, 46,91% had a graduate degree. 51,85% of respondents

were professionally active. Almost 95% of caregivers were a first degree relative

of MCI/AD patients. The average number of ¢ aregivers per patient was 2. Over
50% of caregivers live with patients, and they permanently take care of them.

The rest of respondents act as a caregiver 4 or more time in a week (22,22%), 3

times a week (11,11%) and one time a week 6,17%. Majority of res pondents
marked "3 or more hours" as a time of one visit.

4.25.2.1.2. Usability and acceptance of the RAMCIP system by caregivers

Under which circumstances would caregivers agree to let a robotic
assistant complement a human caregiver? Do caregivers need some

train ing sessions before they let a robotic assistant to stay alone at home

with patient?

50,62% of caregivers agreed to leave the patient with a robotic assistant but only
if it is absolutely necessary and there are no other solutions. Almost 83,95% of
caregiv ers pointed to the need of training sessions before they agree to leave the
patient alone with a robotic assistant and only 12,35% answer that it is not
necessary.

For 64,20% of them a minimum of 3 training sessions is considered necessary.
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4.2.5.2.1.3. Identifi cation of RAMCIP system implementation
1. What do respondents think about new technologies?
Majority of respondents (66,67%) share the view that technology is their friend. They also marked that they usually succeed t o learn
how to use a new programme or a machine (86,67%), as well as that they enjoy learning new computer programs, technologies and
how to use new machines

2. Functional requirements

Table 17 . shows detailed information about identification of the main situations when robotic assistant must/m ight/shouldn't be helpful,
which activities would caregivers agree to be done autonomously (independently) and which should be done exclusively on deman d.
Table 17 . Identification of main activities when robotic assistant could be helpful.
The level of support offered by a proactively - on NA
robotic  assistant  during  activities of Must might shoul dn NA autonomousl| demand
your day of life y (A) (D)
Helps the patient to prepare food 23,46% 49,38% 11,11% 16,05% 25,93% 43,21% 30,86%
Stimulates the patient to keep in touch with o o o o 0 0 0
family and friends 53,09% 24,69% 8,64% 13,58% 50,62% 18,52% 30,86%
Helps the patient to properly button her/his
clothes 32,10% 50,62% 3,70% 13,58% 27,16% 45,68% 20,99%
Helps the patient to take off her/his sh oes 29,63% 51,85% 3,70% 14,81% 23,46% 48,15% 22,22%
Helps the patient to put her/his feet on a
footrest 30,86% 48,15% 6,17% 14,81% 16,05% 53,09% 22,22%
Provides cognitive exercise to the patient 54,32% 29,63% 3,70% 14,81% 54,32% 19,75% 19,75%
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Reaches fo r fallen utensils and hands them
over to the patient, in order to prevent the

patient from bending over. Grasps things 38,27% 40,74% 4,94% 16,05% 43,21% 29,63% 22,22%
from the floor/shelves
Finds things the patient is looking for 43,21% 39,51% 2,47% 14,81 % 40,74% 34,57% 22,22%
Fetches things the patient asks for 30,86% 45,68% 7,41% 16,05% 32,10% 38,27% 22,22%
Reminds the patient that it is time for
his/her meal or time to drink something 54,32% 24,69% 3,70% 17,28% 61,73% 11,11% 23,46%
Reminds the patien t about boiling water,
turning off the gas and lights 69,14% 14,81% 1,23% 14,81% 66,67% 8,64% 20,99%
Reminds the patient that it is time for
him/her to take his/her medication 74,07% 11,11% 1,23% 13,58% 64,20% 12,35% 19,75%
Is able to reach medication wh ich is difficult
to reach for the patient 54,32% 22,22% 8,64% 14,81% 46,91% 19,75% 22,22%
Moni toring correctness
medication intake 64,20% 12,35% 3,70% 19,75% 61,73% 9,88% 22,22%
Reminds the patient about TV programs 24,69% 43,21% 14,8 1% 17,28% 28,40% 37,04% 22,22%
Calls for help, if something happens to the
patient 79,01% 6,17% 1,23% 13,58% 69,14% 6,17% 18,52%
Helps the patient to clean the house 34,57% 40,74% 13,58% 11,11% 35,80% 25,93% 19,75%
Helps the patient to do a shopping lis t 34,57% 33,33% 18,52% 13,58% 25,93% 30,86% 22,22%
Reminds important dates such a birthday
and medical appointments 41,98% 38,27% 4,94% 14,81% 50,62% 20,99% 20,99%
Detection of obstacles on the floor to

58,02% 25,93% 0,00% 16,05% 66,67% 7,41% 23,46%

prevent falls
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Recognize when can or cannot open the

house door 60,49% 23,46% 0,00% 16,05% 69,14% 7,41% 20,99%

Provides physical exercises to the patient 43,21% 37,04% 2,47% 17,28% 50,62% 19,75% 27,16%
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As a must to have function caregivers mentioned thatr obot:

1 Callsfor help, if something happens to the patient (A)

2 Reminds the patient that it is time for him/her to take his/her medication (A)

3 Reminds the patient about boiling water, turning off the gas and lights (A)

4 Is monitoring correctness of the patien tds medication intake

5 Recognizes when can or cannot open the house door (A)

6 Detects obstacles on the floor to prevent falls (A)

7 Reminds the patient that it is time for his/her meal or time to drink something
(A)

8 Provides cognitive exercise to the pati ent (A)

9 Is able to reach medication which is difficult to reach for the patient (A)

10 Stimulates the patient to keep in touch with family and friends (A)

As a not necessarily (might) performed by the robot that it

1

2
3
4

»

Provides physical exercises to the patie nt (A)

Finds things the patient is looking for (A)/(D)

Reminds important dates such a birthday and medical appointments (A)

Reaches for fallen utensils and hands them over to the patient, in order to

prevent the patient from bending over. Grasps things fro m the floor/shelves
(A)

Helps the patient to properly button her/his clothes (D),

Helps the patient to put her/his feet on a footrest (D)

Fetches things the patient asks for (A)/(D)
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Table 18 . Prioritization of functional requireme nts
LUM Poland ACE Spain Entire group of caregivers
The level of  support offered by a Priority
robotic assistant during H - high
activities of your day of life Mean Priori Mean Priori N Mean SD .
g d 4 4 M - medium
L - low

Calls for help, if something happens
to the patient 1,13 H 1,08 H 70 1,10 0,554 H
Reminds the patient that it is time
for him/her to take his/her 1,21 H 1,12 H 70 1,16 0,577 H
medication
Reminds the patient about boiling
water, turning off the gas and lights 1,29 H 115 H 69 1,20 0,603 H
Monitoring  correctness  of the
patientos medicatio 1,36 H 1,16 H 65 1,25 0,676 H
Recognize when can or cannot open
the house door 1,43 H 1,18 H 68 1,28 0,643 H
Detection of obstacles on the floor
to prevent falls 15 M 1,18 H 68 1,31 0,669 H
Reminds the patient that it is time
for his/her meal or time to drink 1,38 H 1,39 H 67 1,39 0,685 H
something
Provides cognitive exercise to the
patient 1,6 M 1,29 H 69 1,41 0,746 H
Is able to reach medication which is

1,43 H 1,49 H 69 1,46 0,781 H

difficult to reach for the patient
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Stimulates the patient to keep in

touch with family and friends 179 L 1.29 H 70 149 0,805
Provides physical exercises to the
patient 1,69 M 1,39 H 67 1,51 0,780
Finds things the patient is looking
for 1,93 L 1,24 H 69 1,52 0,800
Reminds important dates such a

1,79 L 1,41 H 69 1,57 0,793

birthday and medical appointments

Reaches for fallen utensils and

hands them over to the patient, in

order to prevent the patient from 1,86 L 1,43 M 68 1,60 0,848
bending over. Grasps things from

the floor/sh elves

Helps the patient to properly button

her/his clothes 1,93 L 15 M 70 1,67 0,875
Helps the patient to take off her/his
shoes 1,93 L 1,54 M 69 1,70 0,882
Helps the patient to  put her/his feet
on a footrest 1,93 L 1,57 M 69 1,71 0,905
Fetches things the patient asks for 2 L 1,53 M 68 1,72 0,922
Helps the patient to clean the house 2 L 1,60 M 72 1,76 0,940
Helps the patient to do a shoppin
i e P Pping 2,21 L 1,55 M 70 1,81 0,083
Helps the patient to prepare food 1,86 L 1,85 L 68 1,85 0,964
Reminds the patient about TV

2 L 1,80 L 67 1,88 0,973

programs
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Differences between  countries are shown in Table 18

There are some functions among differences in prioritization which are the most

noticeable like:

1. Stimul ates the patient to keep in touch with family and friends;

2. Finds things the patient is looking for;

3. Reminds important dates such a birthday and medical appointments;

4. Reaches for fallen utensils and hands them over to the patient, in order to
prevent the patient from bending over. grasps things from the floor/shelves

Functions listed above implemented into RAMCIP robot have high priority (H) for
Spanish respondents compered to low priority (L) for Polish responders.

Other differences are related to the following items:
Detection of obstacles on the floor to prevent falls;
Provides cognitive exercise to the patient;

Helps the patient to properly button her/his clothes;
Helps the patient to take off her/his shoes;

Helps the patientto  put her/his feet  on a footrest;
Fetches things the patient asks for;

Helps the patient to clean the house;

Helps the patient to do a shopping list

Provides physical exercises to the patient

©oOoNOO~WNPE

All functions listed above implemented into RAMCIP robot have higher priority
Spanish respondents than Polish.

Table 19. Functions which should be implemented into a robotic assistant for
users enjoyment

Function which should be % Priority
implemented into a robotic assistant
for users enjoyment

Telepho ne 58,02% H
TV 58,02% H
Radio 55,56% H
reading (books, journals...) 40,74% M
games (cognitive, arcade, constructive) 39,51% M
Internet 14,81% L
Music 13,58% L

As shown in Table 1 9 the most important facilities, which should be implemented
in the ro botic assistant are: telephone, TV and radio
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Internet 14,81% '
Music | wd3.58%..0
| H Telephone
Reading W B Radio
BTV
Games ——— 0 N i) ® Games
i # Reading
58,02%
v B Music
1 Internet
Radio 55,56%
Telephone AL
T T T T T T

0,00%  10,00%  20,00%  30,00%  40,00%  50,00%  60,00%

Figure 9. Prioritization of caregivers requirements regarding functions which
should be implemented into a robotic assistant for users enjoyment

3. Robot design requirements

Most of the respondents would like a robotic assistant to have a neutral
appearance or of a woman. Material of which robotic assistant will be made is not
of the respondents interest.

Table 20 and Figures 10 and 11 show the detailed results of the respondents
choice.

Table 20 . Height of robotic assistant

Height of robotic assistant %

i‘é’rr:“gol 49% than | hee -high 3,70%
waist -high 20,99%
chest -high 03/5’80

Taller than up to 20 cm 4,94%

user: 4,94%

more than 20 cm -

the same height as

27,16%
user

N/A 13,33%
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7,41%

60,49%

Figure 10 . Height of robotic assistant.

35,80%

3,70%

643433 T RAMCIP

W Shorter than user
Taller than user
H Same height as user

Noanswer

Knee-high m Waist-high B Chest-high

Figure 11 . Percentage distribution of dominant answer from Figure

4. Users interaction requirements

Table 21 . How should a robotic assistant interact with users?

10.

The way how should a robotic % Priority
assistant be operated

by keyboard /  buttons 7,41% L
by touch screen 32,10% M
by simple voice commands (voice operated 85,19 H
system) %

by simple gestures 28,40% M
by a remote control 27,16% M
N/A 3,70% L
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As a result of the level of priority analysis: High priority (85,19% of caregivers

answer) was given to the voice operated system as a way of patient
-32,10%) was given to the

assistant

interaction. Medium pr iority (27,16%
operation using touch screen, simple gestures and remote control.

Figure 12 . Prioritization of caregivers requirements regarding ways how should
arobot ic assistant be operated.
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