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ABSTRICT. We focus on some preliminary, theoretical and practicai, requirements for an 
ageni-based system for cognitive interaction with olderpeople. We describe in some detaii a 
preliminary shidy oimed at assessing ihe acceptability of interaciion of cognitively impaired 
elders with an artificial companion by siudying their reaciive behaviour during a simple 
experimental session. First results show that affettive aspects of interaciion with an arliJicia1 
companion are no1 affected by negative feelings towards technoloa, but that posrtive 
attihides are required in arder io achieve awareness of its us-fulness for a cognitive 
interaction. We stress ihe conveniente of considering acceptance as a muitifaceied attihide, to 
develop a method for ihe development of a working cognitive interaction system. The agent 
should build iis wer  mode1 - including relevant ktowledge, expectaiions, and goals - by 
interactive learning, and operate jointly with a situation awareness engine. 

nDsu~k. Nous présentons des résultotspréliminaires, théoriques ef appliqués, concernant les 
aigences d'un système à base d'agents pour I'interaciion cogniiive avec d a  personnes 
dgées. Une étude préliminaire évalue I'acceptabilité de I'interaciion de personnes dgées 
copitivemenf déficienies avec un compagnon artificiel, lors de sessions expérimentales 
simples. Nous observons que les aspects affectifs au cours des interactions avec un 
compagnon artificiel ne sonipas impactés por les seniiments négatifs envers la iechnologie, 
mais qu 'une attihideposiiive est requisepour atteindre une véritable conscience de son utilité 
dans une interaclion cognitive. Now en déduisons I'intérZt de considérer I'acceptation 
comme une attirude multifacetie en vue de dévelapper une méthode pour la conception de 
systèmes d'interaction cognitive effecfifs, L 'agent dwrait ainsi construire son propre modèle 
uiilisateur - incluani connaissances, artentes et buis - a I'aide d'un apprentissage interactif 
et travailler en association avec un moteur de reconnaissance de sihiation. 
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1 . l .  Social and scientifie relevance of intelligent companions supporting elders 

The age-related physiological fall of cognitive abilities becomes a more and 
inore challenging problem in our society; cognitive impairments affecting older 
people are oiìen combined with the fact that many elders are, under various 
circumstances, living alone. Technology should not replace natura1 human 
interaction, but a possible help in some situations may come from interaction with 
artificial agents. 

One natura1 solution, which older people have been using for centuries, is to live 
with an animal: this may improve the quality of life, obviously because it relieves 
loneliness but also because it gives elders something to do, to attend, to physically 
interact with, a cognitive challenge, and also enables them to gain a safety feeling 
because an animal does not focus the person's physical or menta1 disabilities. Pet- 
therapy is frequently used for the care of people affected by cognitive disabilities, 
with good results, e.g. improving social behaviours (Kongable ef al., 1990). On the 
other hand, for safety or hygienic reasons real animals are oiìen not allowed in 
residential houses, or they are not otherwise liked. Moreover, their intelligence may 
not be sophisticated enough for cognitive challenges required in helping elder 
people. Thus the hypothesis of replacing real animals with animal-shaped objects is 
becoming object of a serious investigation (Nakajima et al., 2001). 

Animal-shaped toys have been evolved into animal-shaped robots, or animaloids, 
and researchers have started investigating how robotic companions can be used with 
elderly people, not only as "emotional activators", but also for addressing interactive 
and communication functions, so acting as a support for their cognitive difiiculties. 
For example, the interaction with the AIBO robotic dog on four elders with 
dementia resulted in improved communication pattems (Yonemitsu et al., 2002). In 
a different comparative siudy, nine older women from a nursing home, with 
moderate to severe dementia, received two interactive sessions of 10 minutes each, 
wth a plush cat and with the mbotic cat NeCoRo; the emotional effects of such 
interactions on the patients were also studied (Libin et al., 2004a). The same authors 
introduced also the new concepts of "robotic psychology" and "robot therapy", 
focusing on "interactive stimulation robots" (Libin et a l ,  2004b). A unified 
assessment tool, named the Person-Robot Complex Interaction Scale (PRCIS) was 
also defined. In Japan, at the National Institute of Advanced Industrial Science and 
Technology (AIST), Takanori Shibata et al. have developed a robotic baby seal, 
named Paro. They carried out severa1 experiments involving Paro and different 
groups of subjects, from children to elderly, to persons with cognitive disabilities 
(Wada e! a l ,  2005). At MIT Media Lah a group of researchers are developing a 
Teddy Bear-like robot, to investigate on the recognition of affective contents of 
tonch in human-animaloid interaction (Stiehl et al., 2005). De Ruyter et al. (2005) 
and Heerink et al. (2006, 2008) used iCat, a cat-shaped robot developed by Philips, 
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at the Philips Research Laboratory in Eindhoven and at the HCS Laboratory in 
Amsterdam. 

A most advanced result to be pursned, but still less achieved, is to make robotic 
companions act as tme cognitive stimulators, by fully exploiting their interactivity 
and their (altbough Iimited) processing capabilities (Czaja & Lee, 2003). 

The challenge of the project of an agent-hased system for cognitive interaction 
with older people has not only a social relevance but also a scientific relevance. 
From the Artificial Intelligente point of view, this is a hard benchmark for adaptive 
systems and human-computer interaction, since the constmction of intelligent user 
interfaces or implying user modelling needs a particular reconsidemtion when elders 
are concerned (Lindley et al., 2008). The psychological and clinica1 neuroscience 
perspectives are also clearly involved, fully putting this study into the 
multidisciplinary Cognitive Science domain. 

in this paper, we focus on some preliminary, theoretical and practical, 
requirements for such a project. The paper is organised as follows. Fint we shall 
focus on genera1 scientific requirements for the accomplishment of situated artificial 
agents with elders, considenng overall aspects that should be taken into 
consideration. Then we shall descnbe an empincal study aimed at assessing the 
acceptance of an artificial companion dunng a simple experimental situation with 
cognitively impaired elders. We choose to start with the acceptance aspect and 
describe it in some detail as a first picture because we believe that this is a necessary 
preliminary step before going along this avenue. Finally, we shall discuss some 
further steps to be undemken next, considenng cognitive requirements for 
constructing a full model supporting real-time interaction with older people, taking 
its source from Interactive Learning, Ubiquitous Robotics, and Situation Awareness 
paradigms. 

1.2. Genera1 requiremenis for situated artr@ieial agents in ageing 

In our view, an agent-based system designed for cognitive interaction withtlders 
should be constructed on the following components: 

- a model of the acceptance of an artificial agent by elden; 

- a  user model, which includes user knowledge, user expectations, user goals; 

- a  representation system, essentially able to implement at least categorica1 
functions; 

- an interaction system, including physical and verbal interaction. 

The present paper includes an empirical and a theoretical contribution; we shall 
focus primarily on the first aspect, concerning an empirical assessment of the 
acceptance of an artificial agent in elder age; then, in a broader perspective, we shall 
give some sketch about setting up the other components. 
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2. Empirical shidy of artificial agents acceptability 

2.1. Acceptability as anitude 

In this section we shall consider how the first aspect, i.e. the acceptability of an 
artificial cognitive stimulator, can be tackled. It is nonsense to proceed on this 
examination if it is not made clear what it is meant by "acceptable". Many studies 
have considered the acceptance of technological artefacts by older persons. Some 
(e.g. Mann et al., 2002) only based themselves on interviews, without trying to 
0bserve a true interaction of elders with the artefact. Others otlen take 
"acceptability" in one of its comotations, without taking much care about other 
aspects: as an example, some recent studies are stressing the importante of 
perceived qualities like usefulness, adaptiveness, ease of use, etc. (Heerink et al., 
2008a. 2008b) but acceptability is reduced to "intention to use". 

An influential study, originally focused on the acceptance of technological 
improvements in the workplace (Venkatesh et al., 2003), proposed a "Unified 
Theory of Acceptance and Use of Technology" (UTAUT), suggesting a 
questionnaire that included six psychological constructs: performance expectancy, 
effort expectancy, attitude towards technology, self-efficacy, anxiety, intention to 
use. Some studies used this model to consider the influente of some abilities of the 
artefact or of the interface (e.g. its social abilities: Heerink et al., 2006) on its 
acceptance by elders. 

In ow view, such a model can be simplified and rationalised by simply 
considering the "acceptability" that we are taking into consideration just as a 
psychological attitude towards artefacts. Following the classical notion of attitude, a 
concept since long time defined in psychology as having affective, cognitive, and 
conative aspects (see e.g. Eagly & Chaiken, 1993), three aspects of artificial agent 
acceptability can be distinguished: 

- nflective, including emotional responses elicited by the artefact like fear, 
attraction, pleasantness, etc., or something referable to an immediate sense of a 
possible and meaningful integration into the person's own life space; 

- cognitive, including not only the knowledge about how to use it (which would 
be the usual cognitive aspect of attitude), but more importantly the use of cognitive 
resources such as memory or attention in tasks concerning a joint operation 
involving both the person and the artefact; 

-functional, including the perception of the potential usefulness and the 
possible contro1 of the artefact in practical situations. 

For example, an artefact may be acceptable on the affective grounds if it looks 
attrattive and not frightening, on the cognitive gmunds if it supports person's 
cognitive processes, and on the functional grounds if a percon can clearly see what 
she can do with it. 
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The adoption of the concept of attitude has the advantage of stressing the fact 
that one attitude is a single constmct and that the distinction between these three 
aspects is rather dummy and should not be intended as so clearcut. Such aspects of 
course strongly interact, and sometimes it is difficult to classify a case into one of 
these categories. As an example, it is well known that older people have some 
resistance to accept their own limitations and to recognise what kind of help they 
could ask a robotic companion. A belief like the one, common among elders, that 
they really don't need any technological support, is knowledge-based but also 
emotion-based, and moreover has influence on disposition to action: in other words, 
it overall works like an attitude. Heerink et al. (2008) correctly emphasise the need 
for systems that adapt themselves to such beliefs. 

As is well known, Artificial Intelligente perspective today is much more focused 
on affective aspects than in the past, as shown by the establishing of affective 
computing picard, 2000; Tao & Tan, 2005) as a new branch of computer science 
and technology aimed at developing models and devices able to detect users' 
emotions, to respond them, and to exhibit emotions in their interacting behaviour. In 
our view, in designing an artificial companion, meant to intenict with elders, 
affective computing skills should be integrated with a broader user model including 
a fu11 considerati00 also of cognitive and finctional aspects of their attitudes. 

2.2. Purposes 

The aim of this study was to assess the acceptability of interaction with an 
artificial companion by studying the reactive behaviour of older people with iimited 
cognitive impairment during a simple experimental session. We are now going to 
descnbe it in some detail (far a full treatment, see Odetti e! al., 2007). 

The pilot study here described was conducted jointly by the Gerontechnology 
Group of the ARTS Lab at the Scuola Superiore Sant'Anna, and by the DISEM 
(Department of Endocnnological Science and Medicine) of the University of Genoa, 
to preliminarily evaluate how acceptable robot-mediated pet-therapy is for older 
people with moderate cognitive impairments (MCI or other kinds of dementia 
diseases in early stage). 

The experiment was intended to gather some basic preliminary user-centered 
information. It is worth to point out that, although our preliminary survey was based 
on a gronp of people with clear cognitive disorders, it is not intended to be restricted 
to a clinica1 domain but it is aimed at investigating somewhat broad requirements, 
that can hold with elderly people in general. We think, however, that initially 
considering interaction with an artificial agent in patients with some clearly 
diagnosed cognitive impairment can force us to set such requirements more strictly 
even for less severe, not openly diagnosed, cognitive diseases "nonnally" found in 
senescence. 
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2.3. Method 

2.3.1. Participants 

Panicipants were 24 patients of the DISEM dementia evaluation service, in eady 
stages of dementia of different iypes; their MMSE score averaged 27 * 3 points. 
Informed consent was signed by each patient. Participants' average age was 76.6 
(s=6.23); 12 of them were males and 12 were females. They were affected by the 
following disorden: 11 probable Alzheimer's disease (AD) (NINCDS-ADRDA 
criteria), 7 amnestic Mild Cognitive Impairment (aMCI) (Petersen et al., 2001), 1 
vascular dementia, i fronto-temporal dementia, 1 Parkinson dementia, 1 multi 
system atrophy and 2 subjective memory deficit. 

2.3.2. Scenario 

The experimental sessions took place in the rnom of medica1 examination, at the 
end of standard visits; some patients were at their first visit, others were retming 
patients. The examiner was sitting at the desk, with a laptop computer, and the 
patient was sitting in front of himiher. During the "standard" visit, the robot was not 
visible by the patient, who knew that sheihe would have been involved in a very 
simple experiment at the end of examination. Nothing suggested the presence of 
unusual technolngy in the scenario. The infomed consent briefly talked about a safe 
experiment, without suggesting that a robotic dog was going to enter the rnom. This 
was fundamental, since it was important to measure the reaction to a completely 
unexpected event like the entrance of an animaloid in the scene. 

2.3.3. Materials 

The experimental equipment was compnsed of one Sony AIBO ERS-7 robotic 
dog, one laptop computer (normally used by the examiner to take notes during tbe 
visit), and a simple client-server soha re ,  through which the examiner could easily 
control the execution flow of the experiment. 

Simple robot motion tasks and reactive behaviours were implemented using 
URBI (Universal Real-Time Behaviour Interface, a client-server framework for 
high-level control of robotic platforms; Baillie, 2005). 

The visual client application consisted essentially in a remote control to trigger 
the transitions between successive steps in the experiment. It was developed using 
C++ and QT4, and comected to the URBI server d n g  on AIBO through a 
dedicated library. 

Sessions with patients were articulated into two main phases: fint, on a 
command received £rom the remote cnntroller managed by the examiner, the AIBO 
robot walked along a pre-defined path close to the patient and sat down, roughly in 
front of himker. Then, it wagged its tail and barked in a "friendly" way. It was 
obviously fundamental that the dog was perceived as not aggressive. 
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With AiBO walking in, the examiner obsewed the patient reaction. If the patient 
showed fear or repulsion, the examiner tried to reassure herhim. Then, the examiner 
asked a couple of questions to the patient: "Does it reminds you of something? What 
does it look like to you?", and "Do you like it?". The answer to the second queshon 
was used hy the examiner to decide whether the session could go on. In case of a 
negative answer, AIBO was sent away by the examiner. The same if the patient was 
showing fear or repulsion, and the examiner did not succeed in encouraging himlher. 
In case of a positive or a neutra1 answer, the examiner started the second phase of 
the session, picking up the AIBO dog from the floor and putting it on the desk, 
between him and the patient. 

With a command from the remote control, the examiner let AIBO activate two 
different reactive behaviours. Then, he started petting the AiBO's back while talking 
to the patient. AIBO reacted to this action by wagging its tail and moving its head 
and mouth, to suggest a feeling of "happiness". 

Figure 1. UML activiw diagram 

Then, the examiner asked the patient whether helshe wanted to try and do the 
same. If the answer was positive, the examiner invited the patient to gently pet the 
dog's back, and obsewed hislher reaction to D O ' S  behaviour. 
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Then he asked the patient "Would you enjoy having such a robot at home?", 
going more in depth in case of positive answer: "what could you do with it? Do you 
think that you could play together? Do you think that it could be useful to you in any 
way? How?". At this point, dunng this discussion, the examiner suggested: "this dog 
could help you in reminding today's date. Do you want to try7". If Yes, the 
examiner would tell the patient how to let AIBO say the current date: 'please, touch 
[the sensor on] its head far 2 secondi". After this interaction was completed, the 
session ended with a few more questions, aimed at evaluating the patient's feelings 
while interacting with the AIBO dog. 

The following questions were asked during the sessions: Q1: Are you afraid of 
it? Q2: Does it remind you of a dog? 43: Do you like it? 44: Do you think it could 
be useful to you? Q5: Do you feel any attraction towards elechonics goods? 46:  
Would you like to give orders to it? 

Furthermore, a genera1 question about which electronic goods were present at the 
patients' home was asked. 

Table 1 summarizes the patients' answeru in tenns of frequency, average score, 
and normalized average score in the [O..I] range far questions Q1, 42, 43, Q4,Q5, 
and 46.  From the analysis of the scores, we can easily see that the AIBO is 
generally perceived by the pilot group as harmless, friendly, cute. Dunng the 
study, only 2 patients answered negatively to Q1 or 43, causing the examiner to 
send the robot away. On the other hand, it is rather evident that the participants to 
the study tended not to perceive its potential usefulness, or at least, not as clearly as 
they recognized it as cute and friendly (avg. score 2.06 far 44). Only one half 
thought that they would like to give orders to the dog. Answers to Q4 and Q6 
actually show a strong relationship with Q5 scores, as shown hy Table 2. 

Table 1. Scores far answers to questions 1-6: frequency, average and normalized 
average 

O l 2 3 4 5 Avg. 
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Table 2. Correlation between answers to Q1.2.3.4.6 and answers to Q5 

Dividing the group into two subgroups SGO (including patients who answered 
with a O score to Q5) and SG+ (Q5 score 2 1) the resulting scores (Table 3) are 
significantly different. They clearly show that the patients who did not completely 
reject technology tended to accept the idea that a cornpanion robot like AiBO could 
also be useful in their daily life. 

Table 3. Subjects with a O score on Q5 have a veìy low score also on Q4 and Q6 
while scores on Q1,2 and 3 remain substantialiy uniform 

Avg. score 
Al1 - SGc - SGO 

Question - Q5=.43 Q5=.68 Q5 = O  - 

Q1 0.03 0.00 0.07 
Affective 
interaction Q2 0.84 0.92 0.71 

Q3 0.88 0.91 0.82 
Functional 44 0.49 0.68 0.18 
interaction ~6 0.50 0.73 0.11 

Significant difference in answers to Q4 and Q6 also appears when the group is 
divided in two subgroups basing on gender (Table 4). 

Table 4. Normalued average scores, by gender 

Avg. score 
Question Al1 M F 

Q1 .O3 .O0 .O5 
Affective interaction Q2 .84 .91 .76 

. 
Attitude to technology Q5 .43 .38 .47 

44 .49 .40 .60 Functional interaction 
Q6 .so .38 .64 

Finally, as shown in Table 5, no relationship seems to exist between answers to 
questions from 1 to 6 and MMSE score, while a negative correlation is suggested 
with education level. 
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Table 5. Correlation values between question scores, years of schalarity and MMSE 
scores 

Corr(Qi, S) Corr(Qi, MMSE) 

Q1 -.l8 -.O6 

Q2 -.o5 .o2 

Q3 -.49 .25 

Q4 -.ss .35 

Q5 -.SI .34 

Q6 -.45 -.o2 

3. Discussion 

3.1. Indications from the experimental outcome 

Our preliminary, empirical analysis of the acceptance of animaloid companion 
robots by older people with some cognitive impairments, although limited and 
certainly not conclusive, has considered some affective and functional aspects of the 
attitude behind the acceptance of the artefact. One important point is that the 
reaction of elders participating in our experiment has been collected afìer a real 
interaction with the artefact, not as the assessment of a simply hypothetical 
possibility. Then some indication from both affective and functional standpoints can 
be taken from our results. We can say that our siudy has shown that different 
attitudes to technology (rejection vs. a generically non negative attitude) do not 
influence significantly the affective components of interaction between an AIBO 
robot and older people with earlylpre-clinica1 dementia (Tables 3, 4). On the 
contrary, the ability to imagine that such an artefact can also be useful, and that it is 
possible to have a functional interaction with it, seems to depend strongly on the non 
negative feeling fur technology. 

Differences between women and men did no( seem very relevant in answers to 
questions dealing with the affective component of human-robot interaction, while 
women seem to be slightly more attracted than men by electronic gmds and 
technology. This is a somewhat unexpected result, which is coherent with answers to 
question Q4 and 46: attention to functional aspects of interaction, including 
usefulness and contro1 of the artefact, seems to be stronger in women. 

Finally, the negative correlation between question scores and level of education 
could suggest that less educated people accept the robot and its potential usefulness 
more easily than people with a higher level of education. 

The animaloid-like appearance seems not to be a significant advantage because 
some of the subjects are not able to recognize it (as we could expect due to the 
cognitive problems). Few emotional links are also created. This may probably be 
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due to the already limited cognitive capacities of the subjects. The approach here 
adopted, however, seems promising and worth to be extended to a wider sample, 
including different disability degrees and vaneties. Ow preliminary results ceriainly 
need to be investigated more in detail with the animaloid robot autonomously 
behaving, witb various disability iypes and degrees, and during the evolution of the 
cognitive disability kom the very onset. Additionally, a method for executing future 
expenments in a more familiar home setting, but in still accurately controlled 
conditions, instead of a clinica1 situation would be useful. 

3.2. Exiending theproject to cognitive aspects 

The two outcomes suggested by our empirical study for tbe acceptance of a 
robotic companion are: the imporiance of a genera1 non negative attitude towards 
technology, and the scarce relationship between attitude towards technology and 
affective aspects of interaction with a robot. Taken together, these findings lead to a 
remarkable implication for the extension of the project to cognitive aspects. In fact, 
if lack of acceptance of technology, at least in some cases, is not related with 
affective aspects like fear or threat or pleasantness, then the functional aspect of this 
attitude is clearly more related to some cognitive factors. A negative attitude might 
also be related with some cultura1 and educational factors usual in older people, but 
in our sample this was not the case, since, as we have seen above, there was a 
negative correlation between the recognition of potential robot's usefulness and 
level of education. It is easy to predict that the artefact acceptance, if not related to 
profound affective motives, in the future will be more and more increasing as the 
presence of technological devices and bousehold electronic appliances (TV sets, 
remote controls, phones, etc.) is also increasing in elders' daylife. So the tmly 
restraining factor could be a limited or frustrating cognitive experience with 
artefacts. Most of today's devices experienced by elders would simply be defined 
"not user-centered" lÌom a cognitive ergonomics perspective. The problem is not 
only that older people dou't understand their features or their working logic, but also 
that such devices are not enough intelligent to adapt themselves to plans, 
presuppositions, reasoning styles, etc. peculiar to aged persons. In other words, they 
lack a model of the user. Tbis is the perspective we tbink should be pursued in 
extending our project to cognitive aspecis. 

A fully interacting system for older people, acting in human centered 
environment as a companion in their daily life, capable of recognising and 
monitoring their actions, would require complex perceptual, knowledge 
representation, and communication subsystems in first place. Some practical 
compromises about sensorimotor aspects then should be put in place. Perceptual 
constraints can be overcome by mature technologies, e.g. by using scanning systems 
for object recognition, smart tags, or hy making communication rely on voice 
recognition/production. Our preliminary study about interaction shows tbat in some 
conditions this can be acceptable. 
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If we consider tbe main aspects of cognitive interaction, various challenging 
problems must be solved in order to build a working model. Here we can only 
suggest some ways to set up next steps. The most difficult problems from the 
cognitive perspective are in knowledge representation, notably in how to feed the 
system with really relevant knowledge. We think that a good way to achieve this 
result would be through interactive learning, not explicit top-down teaching. The 
agent should be actively searching far information in order to build and update its 
user model. User model sbould include user goals, expectations, and actions 
(routines firstly, but also non routines); the agent should have its own expectations 
and problem detection would rely on the compasison between both expectation 
pattems. 

The ahove considerations are leading toward the new, emerging paradigm of 
Ubiquitous Robotics (Kim, 2004), sbictly related to the application domain of 
Ambient Assisted Living, that d s e s  from a shiiì of the focus from the more 
"traditional" concept of UbiquitoudPervasive Computing (i.e. from information) to 
matter and physicality. From a Cognitive Science point of view, both in Psycbology 
and in Artificial Intelligente slopes, this shift is in line with the current move from 
ahstract and symbolic models, apt to give assistance only in "intellectual" activities, 
to embodied models, obviously more suitable in real-life situations. Networked, 
ubiquitous robotic systems conveying data and physical actions in intelligent 
environments, can provoke a profound and pervasive impact at different scales: 
global, local, "personal", extemal and intemal and so forth. 

A design path towards a Ubiquitous Robotics system far ambient-assisted living 
includes: (a) developing a context-aware cognitive support system, aimed at 
monitoring elders' activities, identify and classify them, identify deviations from the 
expected flow of execntion, and planning intervention (e.g. hy means of hints or 
other signals) in order to reduce the risk and fo support the activity completion in the 
conect way; (b) integrating such system in a domotic network, and connect it witb 
eCare services; (C) enabling such system to pbysically interact with the environment 
and the subjects living in it; this can be accomplished by embedding mecbatronic 
and robotic devices in the system, that are able to suitably modify the physical 
environment. 

The role of a relational artefact, like an animaloid companion robot, embedded in 
an Ubiquitous Robotics system, would vary greatly, depending on the user's 
functional and cognitive pmfile. When considering the full range of conditions 
related to ageing, three large groups of potential older users of Ubiquitous Robotics 
systems can be identified: people with physical or psychological reductions but 
witbout definite cognitive deficits; older people affected by minor cognitive deficits; 
older people with moderate to severe dementia. In the first group, the robot could 
interact with a digital personal planner, to remind tbe user of herihis daily schedule. 
Witb a user of the second group, the robot could provide the user witb cognitive 
feedback and support during the execution of activities of daily living. Finally, with 
patients affected by moderate to severe cognitive impairment, the communication 
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functionalities would drastically lose meaningfulness, because such patients would 
be unable to understand the meaning of the messages themselves. 

Cognitive aspects of a model aimed at interacting in real time with impaired 
people especially include resowce-related processes, like working memory and 
attention. One possible development of research is studying how the above 
described targeted knowledge representation could work in conjunction with a 
situation awareness monitoring engine. Situation awareness (Endsley, 2004) is a 
concept that bas been proposed especially in studies about aviation, emergencies or 
other contexts where environmental knowledge is critical and information flow may 
be ovenvhelming. This t e m  refen to the continuous extraction of environmental 
information, the comprebension of its meaning, its integration with previous 
knowledge to f o m  a coosistent menta1 representation, and the projection of that 
representation in anticipating events in the near future. Older people often may find 
themselves in contexts where attention to situation and error-free decision can he 
critical. In order to build a working monitoring engine, a shared representation 
system should be developed; for example, each event could be coded as having 
attributes like "what", "wben", and "wbere" (Livnat et al., 2005). 

Overall, our empincal preliminary work about the acceptance of an animaloid 
robot shows that interaction of older people with artificial agents can work in some 
definite conditions. In particular, it shows that, even if a good working system 
should definitely be able to exhibit the skills of affective computing, both in the 
senses of being able to promptly recognise user's emotions and of behaving in a 
emotionally sound way, this aspect of attitudes bebind the idea of a robotic assistant 
has been perhaps too emphasised with elder people. Ow results indicate that merely 
encouraging affective aspects of interaction, or a mere acquaintance with a robotic 
companion, is not sufficient. Also explicit beliefs about its usefulness, and of its 
functional operation and ways of control should be promoted. We have also claimed 
that a representation of such beliefs cannot be integrated into the system in advance 
by project design, but must be leamed and constmcted by the system itself by 
cognitive interaction with elder users. In this paper we have considered the main 
steps towards this achievement. 
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