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Abstract  
In this paper, we present the outcomes and conclusions obtained by involving 220 seniors from three 
countries (Denmark, Poland and Romania) in a project funded under the European Ambient Assisted 
Living (ALL) program. CAMI stands for “Companion with Autonomously Mobile Interface” in “Artificially 
intelligent ecosystem for self-management and sustainable quality of life in AAL”. The solution is 
designed as an innovative architecture that allows for individualized, intelligent self-management 
which can be tailored to an individual’s preferences, culture, level of comprehension, skill, educational 
needs and learning style. In order to achieve its goals the project has adopted a user-centered 
approach in which older adults and seniors (CAMI end-users) are involved throughout the project 
lifetime.  
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1 INTRODUCTION  
In the context of unprecedented demographic changes faced by the European population, information 
and communication technologies (ICT) have proven to have a real potential in helping aging adults 
and seniors to improve independence and retain dignity. Consequently, several initiatives at both 
national and cross-national level are actively supporting the development of such technologies 
dedicated to elderly people in such a way as to increase acceptance in this population segment and to 
reduce learning barriers due to age and psychosocial factors. 

In this paper, we present the outcomes and conclusions obtained by involving 220 seniors from three 
countries (Denmark, Poland and Romania) in a project funded under the European Ambient Assisted 
Living (ALL) program. CAMI stands for “Companion with Autonomously Mobile Interface” in “Artificially 
intelligent ecosystem for self-management and sustainable quality of life in AAL” [1],[2]. The project 
consortium comprises eight SME’s and universities from five European countries who aim to develop 
an integrated ICT solution at the overlap of tele- care and health, smart homes and robotics. The 
solution is designed as an innovative architecture that allows for individualized, intelligent self-
management which can be tailored to an individual’s preferences, culture, level of comprehension, 
skill, educational needs and learning style. In order to achieve its goals the project has adopted a 
user-centred approach in which older adults and seniors (CAMI end-users) are involved throughout 
the project lifetime. The user-centered methodology is presented in section 2 while the results are 
presented in section 3 along with their application to the development of a serious game application 
that supports seniors in learning to perform physical exercises. The focus in the presentation of the 
results is on the acceptance and interest in information and communication technologies (ICT). 

2 METHODOLOGY 

2.1 Shadowing and self-documentation  
Analytical methods such as shadowing and self-documentation have been employed in the early 
stages of the CAMI project in order to acquire background information about the target users. 
Shadowing is a technique of active acquisition of information from a primary source that is focusing on 
one, i.e. chosen person. The observed individual is informed about the observation through which the 
observer understands the typical processes and activities of her/his daily routine as well as minor 
nuances that even the respondent wouldn't notice. Self-documentation is a technique in which the 
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chosen respondent is asked to document specific aspects of her/his daily routines with the help of a 
journal. 

2.2 Multinational survey 
A structured questionnaire was used for the multinational survey carried out in Denmark, Poland and 
Romania. The LimeSurvey, which is a free and open source on-line survey application written in PHP, 
was used [3] for both data collection and subsequent analysis. The questionnaire contained seven 
general questions about the user (e.g. gender, age, living conditions, income, etc), six demographic 
questions, eight questions related to modern technologies including robotic devices, sixteen health 
related questions including regular physical and cognitive exercising, five questions about socializing, 
three questions about security and two questions about willingness to pay. All questions were of the 
closed or closed-ended type. Figure 1 is schematically presenting the functionalities of the CAMI 
solution which were considered when building the questionnaire.   

 
Figure 1. Summary sketch of CAMI’s envisioned functionalities distributed hierarchically. 

2.3 Best-worst scaling (BWS) method  
The BWS belongs to the so-called ‘stated preferences’ family of method and was first proposed by 
Louviere in a series of articles, as an alternative to classical discrete choice experiments [4]. In BWS, 
respondents were not asked how much they prefer certain alternatives of the CAMI solutions 
compared with each other, but only to choose which options they prefer and which they don’t. The 
CAMI functionalities which were relevant for the end-user in terms of a) interacting with the system or 
b) benefiting from various technologies which the system intended to implement were summarized 
and combined hierarchically, according to their operational level (see previous section for details). A 
list of 23 functionalities was derived from the ones presented in Figure 1 as bases for the survey’s 
combinations pool. All relevant functionalities were subject to a randomization algorithm utilized by the 
Best Worst Scaling method, whose purpose was to maximize the probability of appearance of each 
functionality in a certain choice set.  
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The survey was designed with XLSTAT, which is software capable of both producing BWS designs 
and analyze the corresponding data. The resulted questionnaire was transferred and hosted into 
Google Forms and the raw data was collected using a single database made available by the Google 
Form’s implicit repository. At the end of the survey, the collected data was transferred from the Google 
spreadsheet into an Excel file and further standardized. 

3 RESULTS 

3.1 Analytical Methods 
In total 18 elderly participants took part in the analytical methods research, 6 from each of the 
following countries: Denmark, Romania and Poland. The participants’ age was in the range 55 – 81 
years old and represented the only selection criterion for the participation. Out of the respondents 8 
were males and 10 are females. In analysing the outcome of the employed methodology, we 
concentrated on the participants’ attitude towards ICT.  

Both methods indicate that the respondents experience with technologies varies depending on the 
individual, from none to very-good, with 9 out of 18 users being in the good/very-good range (see 
Table 1). Additionally, all respondents were interested in using new ICT solutions which would help 
them in their daily life. However, most of them had some conditions or requirements. 

Table 1.  Distribution of ICT knowledge and experience. 

 None Poor Medium Good/ Very good 

Male 1 0 1 4 

Female 1 1 2 5 

The participants often mentioned that they are aware and have learned to use new technologies 
thanks to younger members of their families. In general, although interested, the participants tended to 
be reluctant and even afraid to learn to use new technologies by themselves. They indicate that they 
would need someone to help walk them through the process of learning new devices or systems. 

3.2 Multinational survey 
A total of 105 elderly respondents took part in the multinational survey. There were 26 participants 
from Denmark, 42 from Romania and 37 from Poland. The age inclusion-exclusion criterion was used 
also in this case. All respondents were between 55 and 75 years old (see Figure 2  for their age 
distribution). All respondents were informed about the anonymity of the survey and have provided an 
informed consent for their participation.  

 
Figure 2. Age distribution of the participants. 
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More than a half of the respondents were retired (55%) while the rest were still active (employed or 
running their own business). Most respondents (72%) live in the urban area while only 15% in 
suburban and 13% in rural regions. The respondents were generally satisfied with their living 
conditions. A total of 81% respondents considered their living conditions as good and 29% considered 
them as being excellent. None of the respondents rate their living conditions as bad.  

Most respondents had at least one portable device. In addition, 85.7% of the respondents declared 
that they have access to the internet, and almost 60% of them use it at least once a day. Together 
these two results represent an indication that participants are interested in new technologies.   

A total of 15% of the respondents have at least one portable device. 85% of them have even up to four 
devices. The median value of number of owned devices for Denmark is 4, while for Poland and 
Romania is 3. The number of devices does not depend on gender (η² - 0.02) and age (η² - 0.026). The 
level of education has a small influence (η² - 0.279). The respondents most frequently use a mobile 
phone while the most rarely used device is a tablet (see Figure 3). 

 
Figure 3. Frequency of usage among respondents. 

From the internet usage point of view, the respondents indicated that they mostly use the internet to 
interact with family and friends. However, they do not trust using the internet as a way of meeting new 
people. The respondents also use the internet in order to find useful information and/or daily news. 
However, they do not seem to be interested to participate in on-line hobbies and/or games. 

Regarding the feedback of the respondents to the CAMI solution which was presented to them. More 
than half (60%) considered that a mobile device is an acceptable interface with the system. The 
highest interest was for the user of telepresence. The reminder functionality received low scores, most 
probably because the respondents were already using an event calendar on their mobile devices. On 
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the other hand, the low interest rate in robotic platforms (54% positive interest) might have originated 
from the lack of knowledge of the respondents. Surprisingly, e-health solutions were well perceived by 
the participants but the functionalities related to them were less appreciated.  Only 59% of the 
respondents considered the graphic displays of various health measurements (e.g. blood pressure, 
heart rate, oxygen levels) and their change in time as in interesting feature of the CAMI solution. The 
ability to share their health measurements with various doctors was perceived as useful by only 60% 
of the respondents. These rather unexpected results of the survey were partially explained by the 
expressed worry of the respondents regarding the financial aspects of the CAMI solution. A total of 
87% of the respondents were worried about the price of the CAMI solution. Nevertheless, participants 
were interested to own the health monitoring devices and rather rent other less personal devices and 
sensors such as those for home monitoring, serious games, robotic platforms, etc.     

3.3 Best-worst scaling (BWS) method 
A total of 57 elderly participants took part in the survey: 25 Romanians (11 female, 14 male), 20 Polish 
(13 female, 7 male), and 12 Danish (6 female, 6 male) respondents. The mean age was 60.36 years 
old, with females slightly older, 60.96 years, than males, 59.67 (minimum age was 45, maximum age 
was 85). Most participants, 40 out of 57, were in a relationship (either marriage or with a life partner), 
whereas 16 were single.  

As depicted in Figure 4 functionalities 1 (basic health parameters monitoring), 2 (smart house with 
various sensors, such as smoke, temperature, open doors, etc.) and 14 (computer supervised 
physical exercise and training program) were ranked the three most preferred, whereas functionalities 
4 (fall detection alert-able floor), 13 (socialization via forums), and 22 (have the system-acquired data 
stored in the cloud) were ranked least preferred.  

 
Figure 4. Preferences hierarchy of all functionalities for all respondents. Values represent MaxDiff scores. 
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It is worth remembering that BWS calculated scores are directly comparable in terms of strength or 
magnitude of preferences. More specifically, a functionality with the computed preference weight of 8 
is twice as preferred as a functionality with the computed preference weight of 4. In our research, the 
two most preferred functionalities (1 and 2) were twice as preferred as more than half of all 
preferences (for instance, 4, 18, 12, 10, 17 and so on). 

There are 4 main inflection points, corresponding to changes in the slope of respondents’ preferences: 

1 The first main inflection point correspond is between functionalities F1 and F2, and functionality 
F14; 

2 The 2nd inflection point is met between F18 and F12; 

3 The 3rd inflection point is met between F15 and F20; 

4 The 4th inflection point is met between F13 and F22. 

Functionalities F1 (home health monitoring) and F2 (ambient smart sensors) were by far the highest in 
the top of the end-users preferences, followed by F14 (system-guided physical exercises and training), 
which show a strong interest in the health aspect of the assistance provided by the system.  

Functionalities F12 (socialization via chat), F10 (socialization via Skype), F17 (service robot) and F15 
(cognitive games), were ranked almost equal by the respondents which indicate that the utilitarian 
aspect (see service robots) is not significantly different from the leisure and socializing aspect 
(socialization via chat and Skype and cognitive games) but they’re ranked relatively in the middle of 
the preferences’ hierarchy. 

In 12 out of 22 cases, the female respondents expressed stronger preferences than their male 
counterparts. The highest dissent was recorded for functionalities F15 (cognitive games) and F5 (wall 
sensors), with males being much stronger in favor of cognitive games (F14) and of wall mounted 
sensors (F5), than female respondents. The smallest difference between females’ and males’ 
preferences was recorded for functionality 22 (storing user data locally), with males showing a 
preference 3% higher than females for this functionality (which, incidentally, is also the lowest.  

3.4 Serious games for elderly people  
Mobility problems are very common for elderly people and lead to reduced quality of life and 
limitations in everyday activities and social participation. Game-based technologies, social play, 
personalization and persuasive technologies can motivate the elderly to perform exercises that are 
beneficial to them. 

A new way to use video games is to include them in training, education and learning. This is called 
serious games. Serious games can be described as ”a mental contest, played with a computer in 
accordance with specific rules, that uses entertainment to further government or corporate training, 
education, health, public policy, and strategic communication objectives” [5]. An important feature with 
serious games is that they provide the opportunity to experience in real-life situations and adventures 
one may otherwise not be able to enjoy. Exergames are a type of serious video games that combine 
traditional game play with physical activity. The combination of movement and amusement is used to 
stimulate exercise and engage people to be more physically active in a fun and motivating way. A lot 
of research has been done within this topic, and results show that exergames can have a positive 
effect on users health [6], [7]. 

Paper [8] presents important issues that need to be taken into account when developing games for 
elderly. Elderly often suffer from decline in visual acuity, decreased audition, mobility changes and 
cognitive functions’ decline. In addition, many elderly are not familiar with technology. The writers 
suggest that it should be possible to customise the game for every player’s special needs. Font, size 
and colour should be adjustable, and information should be provided in different multimedia 
alternatives, like text, voice and images. The objects should be of sufficient size and the elements 
should not move too fast. The overall interface should be as simple as possible, without the need to 
remember information given earlier in the gaming process, and it should be given sufficient information 
and guidance throughout the whole game. Games should also provide motivating messages to 
encourage the player. At last, for the players to get interested and engaged in the game, they suggest 
that the content of the game should match the users’ cultural and lifestyle diversity.  
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A study performed in the AAL Project Join-In [9] concluded that although it is not perfect, the Microsoft 
Kinect is the most suitable device for exergames for elderly. This is also the best tool to capture the 
movements properly and thus ensuring that exercises are performed correctly. 

Kinect was used at Royal Berkshire Hospital in Reading, England [10 - stroke patients played different 
Kinect games, including Kinectimals. The doctors observed an improvement occurring, rather than the 
normal stretching and pulling a physiotherapist would do to the patient, in case of patients who had 
lost their arm movement. Other patients who had problems with full-body movement and standing up 
played Bowling. They were able to work on coordination between the twisting of his body and the 
movement of their hands, plus their eyes had to look at the screen rather than where their hands were.  

Another example, Microsoft has combined two of its technologies, Kinect and the HealthVault online 
platform [11] - a trusted place for people to gather, store, use, and share health information online, to 
help seniors take better care of themselves at Los Angeles senior centers [12]. Following a successful 
pilot by Microsoft, the Los Angeles Department of Aging, Partners in Care Foundation and St. 
Barnabas Senior Services, the Exergamers Wellness Club, as the project is known, is being expanded 
to all of the 16 senior centers in the Los Angeles Department of Aging's service area. The 34 seniors 
in the Wellness Club pilot are using Kinect to make exercise more fun. For example, they play virtual 
bowling games with people at other sites in Los Angeles and New York, and they can dance along 
with Kinect hip hop, salsa and disco workout programs. 

Some examples of wellbeing and motivational applications and games for healthcare based on Kinect 
and/or other sensors are given bellow:  

• Evergreen Fitness System [13] is a game-based prototype developed to train older adult’s 
balance, especially lower limb strength by exercises (knee marching, side hip raise, lunges, 
partial squats, wide squats and standing knee flexion). The system is based on the Kinect 
sensor, gestures are used to select the menu while body motions are required as part of the 
exercises. Immediate feedback, such as smiling face, ding sound and entertaining background 
music is provided to increase interaction. Six exercises are designed for improving balance: 

o Exercise 1 (knee marching): strengthen ankles and hips; improve dynamic or moving 
balance. 

o Exercise 2 (side hip raise): strengthen side hip muscles; maintain lower body endurance to 
better walk and side step around objects 

o Exercise 3 (lunges): strengthen quadriceps and hips; improve the ability to get out of a chair 
and balance 

o Exercise 4 (partial squats) and Exercise 5 (wide squats): increase hip flexibility, quadriceps 
strength and hip flexor strength: steady body for better balance and safety 

o Exercise 6 (standing knee flexion): strengthen hamstring muscles; help with standing 
balance 

The game was designed in two phases. The first phase delivers interactive video-based 
exercises for training balance and the second one elicits optimal exercise through gameplay. 

• Out in nature [14] is a simplified exergame concept for senior citizens, which focuses on 
physical activity in general, and balance and muscle strength in particular. The game is 
designed for elderly people, around 70 years old and was created based on the seniors’ 
feedback. Users can choose exercises according to different muscle groups and balance 
challenges, and then, a specific exercise is chosen depending on their own preference or the 
recommendation from their physiotherapists. The design of the exergame shows clear goals for 
training muscle strength and balance. One of the exercise is focused on balance and muscle 
strength, where the task is to pick apples. This activity requires players to stretch their body to 
reach ripe apples (balance) and put them in a basket on the ground.   

• NeuroRacer [15] is designed and implemented at  University of California, San Francisco. It is a 
three-dimensional video game in which players steer a car along a winding, hilly road with their 
left thumb, while keeping an eye out for signs that randomly pop up. If the sign is a particular 
shape and colour, players have to shoot it down using a finger on their right hand. This 
multitasking exercise, draws on a mix of cognitive skills just as real life does — such as 
attention focusing, task switching and working memory.  
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The application is implemented as a game with two avatars: user and trainer. The user avatar must 
reproduce the movements of the trainer’s avatar. The user movements are captured using a Kinect 
sensor. A screenshot of the game is given in Figure 5. 

 
Figure 5. Frequency of usage among respondents. 

The main parts of the game are, as described in [16]: 

− animating a 3D avatar that will represent the user in the environment 
− computing a distance between an exercise done by the user and the one done by the trainer 
− displaying in a friendly manner the score calculated using the distance  
− saving data in logs for each user to track its evolution.  

The game was implemented using the 3D engine Unity3D [17]. The structure of the game has three 
main components: (i) a component that is responsible with recording the set of the reference exercises 
- Capture Reference Exercises; (ii) Set up the user profile - setting up user information: health status 
and recommendation, (iii) exergame creator and interpretation - Exergame Manager. Data are saved 
into Data Repository.  

Capture Reference Exercises – user motion is recorded using the Kinect One sensor and then it is 
displayed on the screen using a 3D avatar. A humanoid 3D avatar with a skeleton animation is created 
using Blender 3Dwhich is imported in the graphics engine.  

For each exercise we’ll store in Data Repository (i) exercise name, (ii) exercise description, (iii) 
exercise category, (iv) difficulty level, (v) relevant joints for the exercise, (vi) repeating time. For 
example – exercise rotation arms is described as: starting position: stand up straight, your feet slightly 
apart and exercise routine – put your hands on the shoulders and rotate simultaneous your elbows 
four times forward and then four times backwards. Each exercise is described as a sequence of 
postures. Each posture is represented by the list of quaternions associated to skeleton joints. We use 
the following skeleton joints: Spine, ShoulderCenter, Neck, ShoulderLeft, ElbowLeft, HandLeft, 
ShoulderRight, ElbowRight, HandRight, HipLeft, KneeLeft, FootLeft, HipRight, KneeRight, FootRight 
(provided by the  

Set up User Profile will save into the Data Repository – User Profile Database all information 
associated with each user. All these data will be will be saved at the first time when an user will start to 
play the game. 

The Exergame Manager is responsible with both animation of the trainer and user avatars and also 
with computing the score associated to the performed exercise. The trainer avatar is controlled 
through the exercises recorded into the Exercise Database. The user avatar is updated real time 
through the movements realized by the user. These movements are captured through the skeleton 
provided by the Kinect sensor and mapped to the avatar using the Unity package Kinect Wrapper 
Package for Unity [18]. For user movements we use 21 joints from the skeleton provided by the Kinect 
sensor. All these joints are transmitted through the Unity 3D engine and are mapped 1-to-1. Animator 
class from Unity is used for facilitating the mapping between the standard Kinect skeleton’s joints and 
the 3D model’s joints.  
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Evaluate exercise computes the final score associated with an exercise. The distance between user 
and trainer movements can be calculated using DTW (Dynamic Time Warping) algorithm because this 
technique aligns the gestures so that the most appropriate postures are compared. 

4 CONCLUSIONS 
A user centered design involving participants from Denmark, Poland and Romania was employed for 
the development of the CAMI platform in order to best fit the requirements and needs of elderly 
people. The interest in the CAMI solution and new technologies in general was expressed by the 
participants both when employing analytical methods and a multinational survey. They would not 
hesitate to use the CAMI solution in their daily life if it would improve their daily routine and/or raise the 
level of their living conditions. The most promising idea in Poland and Romania was a mobile interface 
which enables access to all offered functionalities. The possible barriers and concerns were related to 
the price of the devices or services.  

The BWS method was used to obtain not only a general opinion of the elderly people on the CAMI 
solution but also a ranking of the CAMI functionalities. The functionalities “basic health parameters 
monitoring”, “smart house with various sensors, such as smoke, temperature, open doors, etc.” and 
“computer supervised physical exercise and training program” were ranked the three most preferred. 
On the other hand, the functionalities “fall detection alert-able floor”, “socialization via forums”, and 
“have the system-acquired data stored in the cloud” were ranked least preferred. Among the robotic 
devices, the preferences hierarchy for robotic-home appliances, telepresence, and service robot 
indicate that respondents have in general a rather ‘utilitarian’ take on robotic services. 

The obtained results helped us propose guidelines for decreasing acceptance barriers of ICT solutions 
among the aging population. We implemented these in the design and development of a serious game 
application that supports seniors in learning to perform physical exercises. Through the integration 
with an e-health application for self-monitoring of health parameters (e.g. blood pressure, glucose, 
heart rate, weight, etc.) CAMI end-users can learn how to for maintaining a healthy and independent 
lifestyle.  
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