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A Note from the Editor 

 
Dear SIGACCESS member: 

Welcome to the September issue of the SIGACCESS 
newsletter. The first article in this issue presents recent 
research by Cynthia Putnam and Jinghui Cheng that 
helps therapists make more informed decisions when 

choosing commercial motion games to assist 
rehabilitation. The second article by John 

Schoeberlein and Yuanqiong Wang discusses a 
collaborative writing application for blind users. The 

third article by Jesica Rivero-Espinosa, Andrés Iglesias-
Pérez, Jose Antonio Gutiérrez-Dueñas, and Xavier 

Rafael-Palou discribes an AAL architecture to provide 
active aging services for senior users. 
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Who we are 
 

SIGACCESS is a special interest group of 
ACM. The SIGACCESS Newsletter is a regular 
online publication of SIGACCESS. We 
encourage a wide variety of contributions, 
such as: letters to the editor, technical 

papers, short reports, reviews of papers of 
products, abstracts, book reviews, 
conference reports and/or announcements, 
interesting web page URLs, local activity 
reports, etc. Actually, we solicit almost 
anything of interest to our readers.  
 
Notice to Contributing Authors to SIG 
Newsletters : 
 
By submitting your article for distribution in 
this Special Interest Group publication, you 
hereby grant to ACM the following non-
exclusive, perpetual, worldwide rights:  
• to publish in print on condition of 
acceptance by the editor  
• to digitize and post your article in the 
electronic version of this publication  
• to include the article in the ACM Digital 
Library and in any Digital Library related 
services  
• to allow users to make a personal copy of 
the article for noncommercial, educational 
or research purposes  
 
However, as a contributing author, you 
retain copyright to your article and ACM will 
refer requests for republication directly to 
you.  
 
Deadlines will be announced through 
relevant mailing lists one month before 
publication dates. We encourage 
submissions as word-processor files, text files, 
or e-mail. Postscript or PDF files may be used 
if layout is important. Ask the editor if in 
doubt.  
 

Finally, you may publish your work here 
before submitting it elsewhere. We are a 
very informal forum for sharing ideas with 
others who have common interests. Anyone 
interested in editing a special issue on an 
appropriate topic should contact the editor. 
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Helping therapists make evidence-based decisions about 
commercial motion gaming 

 
Cynthia Putnam, Jinghui Cheng 

DePaul University, College of Computing and Digital Media 
243. S. Wabash, Chicago, Illinois, 60604 

cputnam@cdm.depaul.edu, jcheng13@mail.depaul.edu 

Abstract 
In this project, we are exploring how to support therapists who use commercially available 
motion-based videogames in their therapies for people that have had a brain injury. Our 
exploratory work, that included interviews and observations at the Schwab Rehabilitation 
Hospital (SRH) in Chicago, Illinois, exposed a need for informational tools to help therapists 
make evidence-based decisions about games based on their therapeutic goals and their 
patients’ abilities and preferences. The study protocol was later expanded to include two-
week diary collection periods; data from the diary forms will be used as ‘seed cases’ for a 
case-based reasoning (CBR) decision tool that could suggest game choices to therapists. 
Additionally, we are expanding the study to the Marianjoy Rehabilitation Hospital (MRH) in 
Wheaton, Illinois in fall 2013. We believe that through this effort, we will be able to (1) equip 
therapists with informational tools that will help them in their work and (2) inform design of 
therapy-centered games that address current limitations of commercial games. 

1 Overview and motivation 
The Center for Disease Control and Prevention (CDC) in the US recognizes that brain injuries 
are a major public health issue; the CDC estimates that in the US 1.7 million people sustain 
a brain injury (BI) annually (CDC, 2012). Clinical experience and literature have identified 
that it is often challenging to motivate BI patients to engage in the repetitive exercises 
commonly prescribed for rehabilitation (Betker et al., 2007; Gil-Gomez et al., 2009). As a 
result, many therapists include commercially available motion-based video games in their 
therapy sessions to help make repetitive actions fun and engaging. (Commercial motion-
based videogames are those that use consoles, e.g., XBox Kinect, Nintendo Wii and Sony 
Move, and are played using gestures and/or specialized controllers). The long-term goal of 
this work is to establish knowledge about motion-games in BI therapy in order to (a) support 
therapists who use (or want to use) commercial motion-gaming in their work with BI 
patients and (b) game designers who design (or want to design) motion-games for BI 
rehabilitation. 

Previous research has supported commercial motion-games as effective motivators for 
performing rehabilitation exercises (Alankus et al., 2010). Moreover, research has supported 
commercial motion-games as effective in meeting therapeutic goals for BI patients, 
including improvements in balance and range of upper extremity motion (Flynn et al. 
2007). While this work is encouraging, it has focused on small samples; as such, commercial 
motion-game efficacy across a wide range of BI patients has not been established. The first 
objective of this work is to establish commercial motion-game efficacy across a wider 
range of BI patients than in previous work. As part of this objective, we are exploring 
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variables that contribute to successful use of commercial motion-games in BI therapies; an 
example variable would be core game mechanics that are most associated with 
improvements in balance.    

Despite their obvious potential, commercial motion-games have limitations for use in BI 
therapies. Previous research has established that commercially available motion-games 
are often too fast, too physically challenging, too cognitively difficult, and are designed for 
a learning curve that is inappropriate for many who have had a BI (Burke et al., 2007a). 
Recent projects have addressed these limitations by creating custom-designed games 
and game-like activities for BI patients (e.g, Burke et al. 2009b), including games with 
adjustable parameters (Alankus et al., 2010). While these games/systems have not reached 
a high level of diffusion, these efforts support the idea that therapy-centered motion-
gaming is an important area for the future of BI therapies. The second objective of this work 
is to aid game designers/developers in the creation of therapy-centered motion-games. In 
an extension of the example above, understanding the core game mechanics that are 
most associated with improvements in balance will help game designers know what to 
borrow from existing games.    
To lay the foundation for this work, we have been working with therapists who already use 
commercially available motion-games as part of their therapies for BI patients. We are 
currently collaborating with therapists at the Schwab Rehabilitation Hospital (SRH) in 
Chicago, Illinois and will begin working with therapists at the Marianjoy Rehabilitation 
Hospital (MRH) in Wheaton, Illinois in fall 2013.  

2 Exploratory studies with SRH 
We started working with therapists at SRH in June 2012. The research began with 
exploratory interviews with 11 therapists; three were occupational therapists (OT), three 
were physical therapists (PT), three were recreational therapists (RT), and two were speech-
language pathologists (SLP). After the initial interviews, we left two AV carts (funded by a 
DePaul University Research Grant) that housed the three most popular commercial game 
consoles (Wii, Kinect, and Move) and multiple games requested by the therapists during 
the interviews. To better understand context of game use, we observed therapists using 
games with patients (who had the capacity to understand a consent form) over 16 play 
sessions. 

The interviews and observations revealed two findings related to an information gap that 
has guided how this project is taking shape: (1) therapists at SRH expressed frustration 
about finding relevant information about newer commercial games/consoles, which are 
proliferating at a rapid rate; and (2) therapists did not have access to information (e.g. 
games that best met their therapeutic goals) that would help them make evidence-based 
decisions about which games to use in therapies; instead, they chose games that were 
familiar. This information gap demands a means for therapists to learn and share 
information about games, which could help them make evidence-based decisions about 
motion-games for their BI patients. 

We are addressing this information gap as well as the project’s long-term goals through the 
design, development, and evaluation of decision tools that help therapists choose motion 
games and share information. Because of the complexity and structure of the problem, we 
plan to incorporate a case-based reasoning (CBR) framework to provide suggestions of 
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game choices. CBR systems solve problems by referencing previous solutions or ‘cases’ 
(Watson, 1997). One important application of CBR has been in the creation of decision 
and recommendation tools. The key feature of a CBR system is that it has a structured 
representation for both the problem and the solution, and a similarity metric that can 
match new problems against known cases.  

3 Preliminary diary study with SRH 
We expanded the research in SRH from fall 2012 to include diary studies in which therapists 
recorded game session details over four 2-week collection periods. The observations 
provided context for design of the two-page diary forms. Data from the diary studies will be 
used as ‘seed cases’ for the CBR decision tool.  

3.1 Methods 
Therapists were given a notebook containing a two-page paper diary form that asked 
about play sessions. The diary method has allowed non-identifiable patient data collection 
about game sessions that we could not observe. We piloted the diary forms in October 
2012, then refined the diary forms and collected game session information for three periods 
(December 2012, February 2013 and June 2013).  

On the first diary page, therapists were asked to record (1) date and time of the session; (2) 
session details (e.g., whether it was a group session, number and type of therapists 
involved); (3) non-identifiable patient details (e.g., initials, age, gender, balance and gait 
measures, nature of the BI, and patient abilities); and (4) their game selections (i.e. console, 
game/mini-game). We also experimented with a way of understanding patients’ play 
preferences using work from Stuart Brown. 

Brown has studied play personalities by conducting “play histories” which are interviews 
focused on play (Brown, 2009). From these studies he has distilled eight play personality 
types (although most people are a combination): (1) Joker whose sense of play involves 
nonsense; (2) Kinesthete who enjoys movement; (3) Explorer who enjoys new experiences; 
(4) Competitor; (5) Director who enjoys organizing and planning events; (6) Collector; (7) 
Artist/Creator; and (8) Storyteller. 

In our experimental method, we created eight cards describing Brown’s play personalities 
in a single sentence. Therapists are asked to describe each card (after shuffling), lay them 
out for the patients and asked them to identify the one that described them best. We have 
also asked therapist to ask patients for their second and least identifiers.  

On the second diary page, therapists: (1) identified the goals for playing each game (listed 
goals were based on the interviews, observations and the pilot diary study); (2) rated 
(subjectively) the effectiveness (-2 to +2) of the game at meeting specified session goals; 
(3) rated the level (-2 to +2) of cognitive and physical help needed to play the game; (4) 
rated patient enjoyment (0-4); (5) assessed flow (range from boredom to frustration); and 
(6) were invited to enter comments about the session. 

Over the three preliminary diary study periods, eight therapists (2 PTs, 3 OTs, 2 RTs and 1SLP) 
recorded information for 52 unique patients. Among the 52 patients the average age was 
49.8 (SD =16.3), most were male (67%, N = 35) and most were rehabilitating from a stroke 
(60%, N = 31). Over the three preliminary diary study periods, therapists recorded 
information for 122 seed cases. 
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3.2 Proof-of-concept results 
The diary data represented an early exploration into why therapists chose the games they 
did; i.e. what goals they intended to address, and how games were rated (subjectively) as 
to meeting those goals. As a proof of concept, we compared the two games in which we 
had the most recorded cases, bowling (N = 37, 33 on the Wii, 4 on the Kinect) and table 
tennis (N = 10, 5 on the Wii and 5 on Kinect); these 47-recorded cases included 41 different 
patients. (No other games or mini-games had over five recorded cases.) 

Therapists had many common shared goals in using bowling and table tennis, see Table 1. 
Using Mann-Whitney U tests we compared reported success for each common goal. There 
was a significant difference in effectiveness of improving ‘fine motor control’ between the 
two games, U (21) = 10.0, Z = 2.31, p = .021; specifically, bowling was rated higher (average 
score on a scale of -2 to +2 = 1.12) than table tennis (average score was -.50). If 
considering a higher alpha, effectiveness in meeting the goal of ‘command following’ was 
reported as significantly different, U (24) = 37.0, Z = -1.90, p = .058; specifically, bowling was 
rated higher (average score = .867) than table tennis (average = .00). No other common 
goals were rated as significantly different; however, the most successful reported goal 
(among goals with more than 10 reports) for bowling was for standing (this was not a 

shared goal - average score = 1.25) and the most 
successful for table tennis (among goals with more than 
5 reports) was dynamic balance (average = 1.00). 

To explore the personality matching aspect of the seed 
cases, we first examined differences among player 
types (as defined by the first choice card) and level of 
enjoyment when considering just these two games; 
there was a significant difference, χ 2(1, N = 35) = 55.63, 
p < .05. (Note that there was no difference in the 
overall level of enjoyment between bowling and table 
tennis when not considering play type.) Specifically, the 

highest level of enjoyment for table tennis was reported for Competitors; in bowling, Jokers 
had the highest level of reported enjoyment. Together, these findings indicated that if 
therapists wanted to target fine motor control and had a patient who identified as a Joker 
type, then bowling is the better choice. However, if there are other more important goals, 
e.g. dynamic balance, and the patient has identified himself or herself as a Competitor, 
then table tennis is probably the better choice.  

In a further exploration of the experimental play identification method and implications for 
decision-making, we examined overall game enjoyment ratings among different self-
identified play types. Most of the seed cases were reported for people who identified 
themselves as Jokers (27%) and Competitors (19%). Jokers, Kinesthetes, Explorers and 
Storytellers enjoyed the games on average significantly more than the other playtypes 
(Competitor, Director, Collector, and Artist), χ 2(35, N = 117) = 50.8, p < .05, see Figure 1. 

Table 1: Top Shared goals – Bowling v. 
Table Tennis 



 

PAGE 7                 SIGACCESS NEWSLETTER, ISSUE 107, SEPTEMBER 2013 

 
Figure 1: First-choice play personalities by overall motion-game enjoyment 

3.3 Limitations and next steps 
This preliminary work supported the concept of patient matching, at least to expected 
enjoyment and goal success in playing motion-games as part of BI therapies; however, the 
work has several limitations, including: 

• The sample size for most games (other than bowling and table tennis) was too small 
to infer how well the games met any particular goal; i.e. there was no power to see 
statistical differences.  

• Findings may not generalize to other rehabilitation hospitals or to other facilities (e.g. 
outpatient clinics); i.e. other facilities might demonstrate differences than SRH that 
affect CBR decision tools. 

• Diary study data relied completely on subjective measures; i.e., on therapists’ 
opinions about game success and patient enjoyment. While subjective opinions are 
very important (and in fact drive most recommendation systems), in future work 
objective measures of game efficacy also need to be collected to credibly discuss 
motion-game efficacy.  

• We did not explore if the manner in which play personalities were determined (using 
Brown’s work) was reliable. Anecdotally, for the eight patients (of 52 total) that were 
asked by more than one therapist to declare their play preferences, five selected 
the exact same cards, two inversed the first and second choices, and one chose a 
different first choice but was consistent with the second and least choices. As part of 
future work, we plan to explore the reliability of this method.  

Moving forward, we will address these limitations as we work with new rehabilitation sites 
starting with the Marianjoy Rehabilitation Hospital (MRH) in fall 2013. We will take what we 
have learned from the SRH work and conduct interviews, observations and diary studies in 
MRH. This initial work at MRH will be funded by a small pilot grant that was awarded 
through a joint program between DePaul University and Rosalind Franklin University; as 
such, two biomedical scientists from Rosalind Franklin University will be helping with the 
addition of gather objective measures of gait and balance. We are not adding objective 
measures to establish efficacy, but instead as a way to assess relative differences among 
games at improving gait and balance.  

4 Future work 
While the preliminary work at SRH exposed a need for decision tools, there is still much work 
to be done in exploring what kinds of tools and features therapists’ desire. At this point, we 
envision that therapists will want to (a) find recommendations matched to their patients 
and (b) browse games. Other considerations might be to examine game-to-game 
comparisons (e.g., Dance Central v. Michael Jackson dance), or searching games by 
specific goals. In the interviews with therapists moving forward, we will add a discussion 
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about the types of features therapists would like to see in technologies designed 
specifically to help them (a) share/learn about new games and (b) make evidence-based 
decisions about motion-games. 

4.1 Example user scenario 
The following user scenario demonstrates how a therapist might interact with the 
envisioned system to help her find game recommendations and later share information. 

Lisa has been a physical therapist working on the ‘BI floor’ at the City Rehabilitation 
Hospital for a little over five years. While she has used a few games on the Nintendo Wii 
system (Bowling and Wii Fit) to motivate some patients in therapy, she would like to find a 
wider variety of games to meet her patients’ preferences, needs and goals. Specifically, 
she is thinking about a 31 year-old patient, Jeff, who was just admitted with a traumatic 
brain injury from a fight. She has had trouble motivating Jeff in therapy, and when she tried 
the Nintendo Wii system; Jeff complained that they were ‘games for babies’.  

She discusses possible game options with one of the recreational therapists, Tom. Tom tells 
her about web-based tools that he has used to find information about new games. On 
Tom’s advice, Lisa accesses the web-based tools using her IPad mini during lunch; she 
chooses the “Find game recommendations tool”.  

First, she is asked to declare her physical, social, and cognitive goals for a game session; 
she chooses endurance, hand-eye coordination, and sequencing. She chooses the ‘solo’ 
game option for number of players. Next, she is asked non-identifiable information about 
her patient, including age, standing endurance, and upper body mobility. While not 
required, the system also asks for several clinical measures, e.g., Functional Impairment 
Measure (FIM) score and the Berg Balance Score. The system also asks her to identify her 
patient’s ‘play personality’ and gives her instructions on how to assess this; she chooses to 
skip this step, but is interested in exploring how different games might be preferred by 
different patients later.  

She submits the session parameters, and is presented with a list of games for the Nintendo 
Wii, Wii Fit U, Microsoft Kinect, and Sony Move systems. Game information includes the 
match level (indicated on a five-star scale), a description of the game movements, how 
long players are expected to stand, and the expected effectiveness of the game in 
meeting the therapeutic goals she chose earlier. Many of the top matches are mini-games 
in the Microsoft Kinect game “Minute-to-Win-it” (modeled after the TV game show); she 
clicks on more information for the mini-game “Nervous Nelly”. She finds additional 
information, including set-up time, a video of gameplay, and other therapists’ comments 
and reported usability issues. She notes that there is a way to add a comment. She calls 
Tom to see if the hospital has the game and discovers that they do.  

Later, after trying several of the Minute-to-Win-it mini games with Jeff (most of which went 
well), she wants to add comments about Nervous Nelly. Using the browse tool, she 
navigates directly to the games’ information pages, and clicks on “add a comment”.  She 
is then asked to create an account or log-in. After creating an account (user name, job 
title and email address) she adds comments and then continues to browse through game 
information. She finds many other games that she would like to try with Jeff the next day.  
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4.2 Creation of the CBR decision tools 
To create and validate CBR decision tools, we first need to explore and define the 
attributes in a game play session that help therapists make evidence-based decisions; i.e. 
those attributes that affect play session outcomes. While we are keeping open minds, we 
are initially exploring relationships among the following categories of attributes (which has 
been informed by the preliminary research): (1) patient variables; (2) therapy session goals; 
(3) game/console affordances, mechanics, and requirements; (4) subjective measures of 
session outcomes; and (5) objective measures of session outcomes. See Figure 1 for 
examples of each category. (Note that patient, session and game/console attributes can 
be considered independent variables and the session outcomes as dependent variables.) 
Diary studies will continue to be the primary method to collect information about session 
attributes that define a ‘case’. 

 
We will also involve therapists (beginning with those at MRH and SRH) in formative 
assessments through low-fidelity prototypes to elicit feedback on learnability, functionality, 
and usability of the CBR system interface.   

5 Conclusions 
By exploiting CBR decision tools, we will be equipping therapists with informational tools 
that will help them in their work; simultaneously, we will be able to provide game designers 
with knowledge about game/console and patient attributes that contribute to motion-
game success/failure in BI rehabilitation. Consequently, this work will: (1) provide a shared 
understanding about motion-games that have been confirmed to have the greatest 
potential for helping BI patients; and (2) lay the foundations for therapy-centered game 
design heuristics and guidelines to better support BI therapies. Further, understanding 
motion-game efficacy for BI patients beyond small and homogenous samples is very much 
needed to inform the design of therapy-centered games that address current limitations of 
commercial games. This approach acknowledges that commercial games will continue to 
play an important role in BI therapies because of their availability (despite limitations), but 
that there is also a need for game designers and developers to focus on the creation of 
commercially available therapy-centered motion-games. 
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Abstract 
Collaborative writing has become essential in organizations. However, current 
collaborative writing tools are not accessible and usable, which prevents persons who are 
blind from independently participating in group work when collaborative writing activities 
are involved. Based on several usability studies, we present a prototype of an interface 
that improves the collaborative writing experience for persons who are blind. 

Introduction 
Collaborative writing has become essential for exchanging and sharing ideas in 
organizations. Unfortunately, persons who are blind encounter accessibility and usability 
issues, while attempting collaborative writing activities [3]. This makes it harder for them to 
fully contribute to the group work, as they would like. The focus of our research has been 
on identifying these issues and proposing interface design solutions.   

A baseline [3] and pilot [4] usability study were conducted in order to identify the 
accessibility and usability issues while writing collaboratively. These studies show that the 
current interface design of the collaborative writing tool, specifically the lack of context for 
the revisions or comments presented in a document, cause usability issues [4].  As a result 
of these issues, we developed a Microsoft Word Add-In [1] prototype. To evaluate the 
Microsoft Word Add-In prototype, two rounds of usability study were conducted.   

The next sections present our proposed interface design and the results from several 
usability studies. 

The Collaborative Writing Prototype 
The collaborative Writing prototype provided an interface, which extracted the comments 
and revisions from the paragraph or sentence. This provided an easier mental model of the 
changes for persons who are blind. The logic cycle of the prototype is as follows: 

1. Once a document is opened, the user can click the right mouse button to access 
the Microsoft Word Add-In Command Bar [2]; 

2. Depending on the user’s preference, the user is presented the sentence or 
paragraph (Figure 2) to show the context of the revision proposed; 
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Figure 2. Paragraph Context 

 
3. The user is then presented the revision proposed including the type of the revision 

(Figure 3); 
 

 

Figure 3. Insert Revision 

4. The user decides whether to accept the revision he/she just reviewed by answering, 
“Do you want to accept the revision Yes/No” (Figure 4); 

 

 
Figure 4. Accept the Revision 

5. If the user selected “No” to the above question, the user will be asked, “Do you 
want to reject the revision Yes/No” (Figure 5); 
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Figure 5. Reject the Revision 

. 
6. If the user selected “no” to questions in both steps 4 and 5, he will be asked to 

decide whether to repeat the process, “Do you want to repeat the revision Yes/No” 
(Figure 6). 

 

 

Figure 6. Repeat the Revision 

7. If the user selected “no” to the previous question, the user will be asked, “Continue 
Yes/No” (Figure 7). 
 

 
Figure 7. Continue 

The “Continue” Message Box (Figure 7) enabled the end user the ability to continue or exit 
the examination of revisions and comments. 

Usability Study 
Two rounds of usability study were conducted using the proposed Microsoft Word Add-In. 
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Participants 
All participants were blind, with no residual vision. They had at least 6 to 10 years computer 
experience, at least 1 to 5 years experience with Microsoft Word, and at least 6 to 10 years 
experience with the JAWS Screen Reader. Five participants participated in the first round; 
six participants participated in the second round of the usability studies. 

Procedure 
The participants filled out a pre-study questionnaire after signing the consent form. They 
then performed a set of collaborative writing activities, which included searching for a 
specific revision, searching for a specific comment, accepting a revision, and rejecting a 
revision. After finishing the tasks, they were asked to fill out a post-study questionnaire 
followed by a debriefing session. 

Usability Study Results 
The results of the usability study include the demographics, the percentage of successful 
task completion, and the perceived satisfaction level of their collaborative writing 
experience. 

Demographics 
The total number of participants of the usability study consisted of four males and seven 
females. All of the Participants were blind with no residual vision. Four of the participants 
were in their 50’s, three were in their 40’s, two were between 19 and 29 years of age, and 
one participant each was in their 30’s and their 60’s. Ten of the participants have extensive 
computer experience with at least 11 years of computer experience. The other participant 
had at least 6 years of computer experience. All of the participants utilized the computer 
daily, and the majority of the participants (7) utilized the computer at work. All of them 
have extensive experience using the JAWS Screen Reader, with the majority of the 
participants (5) having 11 to 20 years of experience and four participants having 21 to 30 
years of experience. All of the participants had at least one year of experience utilizing 
Microsoft Word. The majority of the participants (8) utilized Microsoft Word daily. The broad 
age ranges and experience levels of the participants of the usability study provided a 
good mix of age and computer and screen reader experience. 

Performance 
All of the usability study participants completed all tasks utilizing the Microsoft Word Add-In 
prototype versus the sixty-two percent (62%) task completion rate of the participants of the 
Baseline Usability Study utilizing the standard Microsoft Word interface [3].  

Perception of the Collaborative Writing Prototype 
The data in Figure 1 provides the percentage of agreement and disagreement with each 
question or statement in the post-study questionnaire from the two rounds of the usability 
study. The questions are related to the participants’ experiences while interacting with the 
Microsoft Word Add-In prototype. 
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Figure 1. Perception of Collaborative Writing Experience with the interface prototype 

 

All of the participants agreed that they would use the Microsoft Word Add-In prototype on 
a regular basis that the prototype was easy to learn, that they were satisfied with their 
tasks’ completion times, that they completed the tasks without any problems, and that the 
tasks were easy to complete using the prototype. 
 
Conclusions 
The solution was considered easy to learn, easy to use, clear and understandable, 
improved their performance, and could be utilized on a regular basis to do similar tasks. 
Even though this prototype was specific to Microsoft Word, providing the context to 
improve the participants’ understanding of the revisions or comments, and the importance 
of context-sensitive menus for improving access and use, can be universally applied. 
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It is the intention of the authors that the results of these findings may persuade other 
researchers and developers to consider context when presenting track changes and 
comments for collaborative writing. 
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Abstract 
This paper describes the main design aspects and core functionalities of the system 
architecture created for the SAAPHO project (aal-2010-3-035). SAAPHO aims to provide 
active aging services to help older people to be more independent, integrated in the 
society, safe at home, and with the possibility of controlling their health through the use of 
ICT. Thus, an innovative Ambient Assisted Living architecture was needed to develop in 
order to offer such services integrated in a scalable, accessible and usable system for the 
older people.  

Introduction 
One of the important challenges at which the governments of the different countries 
around the world and the global society are facing nowadays is to maintain, and/or to 
improve, the quality of life of older people. According to [1], the basis for this worrisome 
comes from the combination of three factors: increment of life expectancy, increment of 
population over sixty and inversion in the population pyramid concentrated around sixties. 
All these elements clearly show the need of providing a solution for the mentioned 
challenge given that the current health care system will not be sustainable in the near 
future. 

Recently a technological approach to guarantee the good level of quality of life for older 
people is arousing interest among scientific and technological community. This approach is 
the application of  Ambient Assisted Living (AAL) [2] technology to provide its users the 
possibility of developing their daily tasks in an independent way, and helping to prolong 
the time that elderly can live alone and autonomous in their homes which is their preferred 
place [3]. Although there are a lot of studies and commercial initiatives, nowadays there is 
not a real product that covers all the requirements that older people needs to feel active 
and independent at home. That is, according to [4], safety issues, mobility and comfort 
issues, healthcare, leisure and entertainment aspects (in which 27,2% of the older people 
feels alone sometimes, 12,1% of them feel alone frequently, and the 26,8% feel bored in the 
last days [5]). 

In order to fill this gap, AAL-2010-03-035 European project, SAAPHO, proposes an innovative 
solution  consisting on the development of a system focused on boosting accessibility to a 
diverse number of healthcare, participation and security services by means of easy-to-use 
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and easy-to-configure user interfaces. Therefore, SAAPHO system provides a complete set 
of active ageing services (social, health and security) taking into consideration user 
dependencies to present the information adapted and in an attractive way. Seniors and 
their needs play a visible role in SAAPHO in order to overcome the low success rate facing 
this kind of systems when going to markets. 

With the objective of explaining the main characteristics of the system, this paper is going 
to review the current state of AAL systems in the second section, in the third section a brief 
explanation of the followed methodology, the next section is going to present a review of 
the current state of the system architecture that has emerged to cover the requirements 
extracted from user trials and focus groups, and the paper ends with the presentation of 
some preliminary results, and conclusions and future works. 

Section 2 Review of AAL architectures 
Due to the increasing interest in the development of complete AAL systems, lots of 
architectures are appearing latterly. Examples of relevant architectures could be the 
AMiCA project [6], that extends openAAL [7] adding enhanced reasoning, intelligent 
monitoring, and some decision-making capabilities thanks to the use of a multilayer 
framework with the layers environmental sensing, sensor integration or sensor fusion, 
context management, application logic and service layer. The project presented in [8] has 
a network of sensors communicated with OSGi, an ontology to collect information about 
user, environment, platform and service, a user interface that allows to the older people to 
program the services that they want to use, and a context model based on user interface, 
service adaptation and infrastructure. The CASIS project [9] that has a framework able to 
provide healthcare services thanks to the use of smart furniture to monitor older people 
and context-aware information services (voice or text advisors in function of the user 
location), and the use of a multiagent platform that handles the knowledge priority, 
collects preferences and environment information, sends it using RDF/XML format, stores 
the information on ontologies, carries out inferences in the ontology to provide services 
using rules, and shows the information through an interface. The MonAmI project sends 
notifications when falls, lack of activity, presence in restricted areas, lighting, temperature 
and humidity levels, smoke and gas leakage, open/unlocked doors and windows are 
identified. The Netcarity project helps to respond to dangerous situations thanks to the use 
of pressure sensors in the floor and smart cameras in the ceiling, able to recognise the 
situation and automatically advise emergency primary contacts and take decisions about 
their activities and well-being. Finally the Naviga project [10] provides an open and 
adaptable platform based on SOA for the elderly and people with disability to access to 
the information society through the TV or the Personal Computer, and with respect to the 
healthcare services, the system provides mental games, medication notifications, and 
hand rehabilitation using virtual reality applications. 

The problem of the majority of these AAL projects is that they do not provide complete 
active aging solution (security, health and participation) focusing typically only on one or 
two scenarios. Also these projects are oriented to research purposes rather than to provide 
a real market solution. Thus, at the end of the projects, the results are prototypes yet not 
ready to be launched on the market. This makes the solutions that older people can find in 
the market are limited to very simple solutions (e.g. panic buttons or few home sensors) and 
being those expensive. 
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Section 3 Methodology 
With the objective of obtaining a consolidated product with a high probability of success 
in the market of the AAL solutions, the design of SAAPHO system follows a User Centred 
Design methodology. This approach considers the end users the focus of the development 
and his/her needs are taken as reluctant requirements in the technology and design 
decisions in order to attain a successful and usable system. This praxis is of extremely 
importance for the case of SAAPHO in which the targeted users, older people, require an 
especial attention due to its dependencies and disabilities related with technologies. 

Having this in mind, the methodology followed by the SAAPHO system is based on that 
presented by Maguire [11] and the ISO 9241 210.2010 [12] is also considered. The 
methodology resulting is an iterative process with five steps in each iteration: Planning; 
Context of use; Extraction of Requirements; Analysis, Design and Implementation; and User 
Testing. Once all the steps of each iteration are covered, the conclusions extracted from 
the user testing are used to start the next iteration. That is, they are used as the 
requirements that should be considered in the design of the architecture. These users’ 
requirements are completed with those obtained from the study of the technology, in this 
way at the end of all the processes the requirements obtained could be grouped as user, 
hardware, software and legal requirements. 

Section 4 SAAPHO architecture 
The ultimate goal of SAAPHO is to provide an innovative ICT-based solution that provides 
main objectives pursued by active aging policy framework: self-serve, independence and 
dignity enhancement of seniors. The intention, by offering all these services together, is 
making the older people feels safe and integrated in society, thus avoiding loneliness. The 
solution provided by the SAAPHO system consists on fostering in a single application three 
types of services: healthcare, participation and security. The information coming from 
these services will be presented by means of a user interface which adapts its features to 
the needs of the person allowing a better technology acceptance aiming to reduce initial 
technological barriers.  

Delving in system details, the user at its own home is the central scenario in SAAPHO. 
He/she interacts with the system by means of a SAAPHO application resident in a 
touchable tablet (Android based) because it is easy to use for person without 
technological knowledge (this has been extracted from the conclusions of focus groups 
and questionnaires carried out during the first period of the project). This application 
communicates with an online middleware to get information from the services. At the user 
home there is as well the selected set of sensors that cover two types of services: security 
and health. The first one monitors aspects such as gas leak, presence or temperature. This 
data will be collected and delivered to the middleware in a set top box resilient at user’s 
home allowing 24h monitoring. The second one is, the health service, will be related to 
check health issues of the person such as glucose, medication or activity degree. All this 
information will be easily accessible by means of connecting these sensors to the set-to-
box when the user takes a measurement. Because all the intelligence of the system is out 
of the house of the user, the tablet and the black box require to be connected to internet 
for sending and receiving information. The participation issues, such as email, 
videoconference, sharing of pictures, etc., are handled directly in an external server. 
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Section 4.1 Principal characteristics 
A set of relevant aspects characterises and makes particular the SAAPHO architecture. 
Those can be summarised in the following items: design centred in final users, design of 
extensible and generic interfaces, decoupled architecture design, design oriented to have 
an economic and commercial product, design to have a simple and intuitive system, 
provision of active aging services and feedbacks, design of an architecture that respects 
the user data privacy, provision of modern multimodal and touchable screen devices and 
provision of non-intrusive equipment for final users. 

Section 4.2 Core components 
Having a system able to satisfy all the aforementioned features supposes an innovative ICT 
approach not found in any other related system. Hence, the SAAPHO architecture adopts 
the following technologies. The architecture core is based on the Service Oriented 
Architecture framework (SOA) [13] due to the distribution and scalability requirements of 
the system (e.g. in different hosts or in Cloud). The main components in it are independent 
web services exchanging data using SOAP protocol. This protocol is selected since it works 
over different communication protocols (commonly HTTP but also others like JMS, SMTP) 
and it establishes strong contracts between the different web services thanks to WSDLs and 
XSDs. Focusing in the web services of the current core architecture, those can be grouped 
into web services related to gateways, to the user, to the services out of the middleware 
and internal web services. 

With respect to the first group, the gateways that every SAAPHO user has at home 
collecting information from the sensors are connected to the users thanks to the backend 
web services. Each backend could have one or more gateways of its type, and each 
gateway has just one backend through which to send the information to the user 
considering the priority of the message and the global priority of the user owner of the 
gateway using priority queues. Each gateway has the address of a backend, and it does a 
load balancing considering the amount of information that each gateway connected to 
each backend sends, such as the backend to be used for a gateway is set dynamically. 

When a user wants to access to specific content, status of sensors, URIs of web services of 
interest, historical information, alerts, etc., this is translated in a request to the Traffic 
Dispatcher (the web service related to the user). This web service receives the information 
that is sent by the different architecture web services to be delivered to the user, and 
stores it taking into account the priority of the messages until the user interface asks for it. 
Since the entire user interfaces are connected to the same Traffic Dispatcher, it decides 
what requests of what users to consider before others in function of the priority of the 
information that is waiting to be delivered. 

To allow that older people has access to information of interest for them promoting their 
integration in society, the Services Broker web service is included in the architecture to 
include in it services out of the middleware. It has a knowledge base with all the services at 
which the SAAPHO user can access and an Ontology with the information related to the 
user and his/her preferences and usual operations, then when the user asks for a generic 
service, the Services Broker is able to choose the most suitable one for that user in function 
of the information related to him/her. This makes the platform accessible from a cognitive 
point of view, because the user, for example, doesn’t need to know the name of the 
newspaper, just say that he wants read sport news. 
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Finally, the system requires a set of internal web services to provide transversal 
functionalities such as communication, security or user recommendations: the Security 
Manager web service is in charge of controlling the security issues (one of the problems 
that is usually present in AAL [14]) thanks to a cyphered database that generates and 
controls sessionIDs; the User Context Information stores historical security information from 
every user of the system allowing that the user has that information independently of the 
storage capacity of the used device and of changes of device; the User Interface 
Recommender web service provides recommendations of user interface adaptations to 
make it accessible and usable from a physical point of view thanks to the information 
stored in an ontology about the user profile and about the alerts that he has received; and 
the Orchestrator is in charge of redirecting the information exchanged among the services 
in the middleware, not being necessary that each component has direct connections with 
the rest of services. The Orchestrator uses Oracle Enterprise Service Bus (OSB) because, 
among other alternatives, it delivers low-cost and standards-based integration for mission 
critical SOA environments where extreme performance and scalability are required. 

Section 5 Preliminary results 
A first implementation was made of the SAAPHO architecture. The Figure 1 shows a mix of 
different screen captures of the SAAPHO application prototype. On the left side a capture 
of the health section, on the right, the home safety service, at the top the home screen 
and at the bottom the mailing screen of the participation services. This application only 
incorporated a minimum set of the whole functionalities designed for the SAAPHO system. 
For the social services only the mailing capability (sending, receiving and getting contacts) 
was implemented, and with respect to the health and safety services, real sensors were not 
integrated but simulated using client services providing synthetic data to the middleware 
to be processed and submitted to the appropriated user interface. 

 
Figure 2. SAAPHO User Interface prototype 

This prototype was tested in front of different final users (Spain and Slovenia) and the 80% of 
the users felt comfortable with and the perceived quality rate was 7,8 of 10. This level of 
acceptance obtained from the testing phase validated the correctness of the 
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architecture and SAAPHO approach. Future versions of the overall system and architecture 
will be delivered and tested with final users as well. 

Conclusions 
This paper presents the main design aspects and particularities of the SAAPHO system 
architecture. This architecture stands for an innovative AAL approach since it completely 
integrates all active ageing policy services with personalization of the interface. Therefore, 
the SAAPHO architecture plays an essential role to make the entire system an accessible 
and usable tool to enable independence and autonomy of old people. The elaboration of 
this architecture is the result of a user-centred methodology and a set of principles and 
requirements materialised by means of the most appropriated technologies. Regarding the 
methodology, SAAPHO applies user-centred methodology as the best option to obtain a 
product focused on the real needs of its ultimate users. Concerning the selected 
technologies, an extensive analysis of existing AAL architectures was performed to obtain 
the suitable ones for the SAAPHO system. Thus, the union of ontology, web services and 
SOAP were the most appropriated and efficient. These technologies were adopted 
together to enable a proper and secure exchange of information and its storage, also to 
carry out inferences to generate recommendations and to decouple all the components 
services (by means of an Orchestrator). All these techniques make SAAPHO architecture 
extensible, efficient, interoperable and scalable which are indeed some of the main 
principles pursued in the design of the architecture. 

The first implementation of the SAPHO system is also described in this article and the high 
satisfaction rate obtained in the user tests corroborates the right approach taken in 
SAAPHO. Next version of this architecture will be developed by incorporating further user 
requirements as well as new functionalities such as user interface adaptations and social or 
health recommendations. 
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