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Abstract. In recent years, there has been an increasing interest in Ambient
Assisted Living technology to support older adults. Research and industry are
working jointly on reliable and suitable solutions to help older adults to remain
healthy and safe while living independently. Appropriate interaction methods
play an important role for the acceptance of such supporting systems. Today,
solutions mainly rely on common and well-evaluated interaction techniques
such as TV remotes or touch screens to enhance the usability. Projects presented
in this work are based on the same interaction techniques, but additionally
enrich the interaction experience with a real-time, empathic virtual assistance
avatar. In this paper, we present evaluation settings and user involvement results
acquired from three different Ambient Assisted Living projects focusing on
avatar-based user interaction. Our results show that avatar-based interaction in
the Ambient Assisted Living context is very well applicable, especially when
combined with speech recognition.
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1 Introduction

This work summarizes evaluation results of prototypes developed in the projects
AALuis1, ibi2 and Miraculous-Life3 with special focus on avatar aspects. We present
lab and field trial outcomes from the accomplished projects AALuis and ibi as well as
interim lab trial results from the still ongoing project Miraculous-Life. All three

1 http://www.aaluis.eu.
2 http://www.ibi.or.at.
3 http://www.miraculous-life.eu.
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projects use avatar-based output in order to support the end user during the interaction
with the system. Prototypes developed within the ibi and Miraculous-Life projects also
include speech recognition, thus allow a smooth user-system interaction.

The prototypical outcome of AALuis is an open middleware layer that can be used
to connect various AAL services to a variety of devices with the help of automatically
generated user interfaces [1–4].

The overall goal of the ibi prototype is to provide a tailored communication plat-
form which is easy to understand and which can easily be used by three target groups,
namely older adults, their relatives and professional caregivers.

The aim of the Miraculous-Life project is to design, develop and evaluate a Virtual
Support Partner (VSP) assisting older adults throughout their daily activities and safety
needs [5].

2 Methodology

To guarantee high usability and user acceptance we followed a user-centered approach
in all three projects [6]. User involvement took place in the concept phase as well as in
the two prototype evaluation phases. This section gives an overview about the eval-
uation settings, the involved user groups and the evaluation methods.

2.1 Phase One: Evaluation Settings During the Concept Phase

Before the first phase, user wishes, needs and requirements were collected with the help
of cultural probing. Results were discussed in several workshops to identify the needed
functional requirements for the planned prototypes. Afterwards, we involved different
user groups into the design process by discussing scenarios and conducting usability
studies (e.g., thinking aloud [7, 8]) with early mock-ups. Additionally, service devel-
opers and providers, user interface designers as well as experts from care organization
helped to classify requirements and to identify usability problems in the early devel-
opment stage. Table 1 shows a comparison of the evaluation settings from the projects.

2.2 Phase Two: Evaluation Settings for the Lab Trials

The second phase was conducted in a similar way as the first phase. Different user
groups evaluated the first running prototypes which already covered most of the pre-
viously defined user requirements. A limitation on functionality and offered services
during the lab trials allowed us to rather focus on general system characteristics like
usability, performance, complexity and efficiency. Table 2 summarizes the evaluation
settings during the lab trials.

2.3 Phase Three: Evaluation Settings for the Field Trials

In this phase, final versions of the prototypes were tested during a period of 2 to 6
weeks. Since Miraculous-Life is still an ongoing project, we evaluated only two of the
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Table 1. Comparison of evaluation settings during the concept phase

 AALuis ibi Miraculous-Life 

Period Dec. 2012 – Jan. 2013 Nov. 2012 – Feb. 2013 Mar. 2014 – Sep. 2014 
Participants 12 26 41

Sex F/M 7/5 16/10 25/16 
Average age 74.5 70a 79.7; 50.2b; 32.5c 
User groups Older adults, younger 

& active seniors 
Older adults, informal 

caregivers 
Older adults, formal and 

informal caregivers,
 experts 

Methods Structured interview, 
task-based empirical 
investigation, System 

Usability Scale SUS[9] 

Structured interview, 
task-based empirical 

investigation, 
questionnaire 

Structured interview, 
questionnaire, expert 

walkthrough [10], 
heuristic analysis [11] 

Devices Smartphone, PC, tablet, 
TV 

Smartphone, tablet, 
TV 

PC, tablet, kinect 

a Age calculated based on the average value of the estimated participants age
b Formal and informal care givers
c Experts

Table 2. Comparison of the evaluation settings for the lab trials

 AALuis ibi Miraculous-Life 

Period Apr. 2013 Feb. 2014 Sep. 2014 
Participants 9 17a 18 

Sex F/M 3/6 4/3b 13/5 
Average age 71.2 72.1b 81.71; 45.6b 
User groups Older adults, younger 

& active seniors 
Older adults, informal 
and formal caregivers 

Active older 
adults, formal caregiv-

ers 
Methods Task-based empirical 

investigation, SUS 
Task-based empirical 
investigation, post-

interviews, question-
naires 

Task-based empirical 
investigation, think 
aloud method, ques-

tionnaire (SUS) 
Devices Smartphone, PC, 

tablet, TV 
Smartphone, tablet, TV PC, tablet, Kinect 

a Sex and age of users in the user group older adults have not been elaborated
b Formal and informal care givers
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three projects in a natural setting. Table 3 presents the evaluation settings of the
AALuis and ibi project during the field trials.

3 Evaluation Results

Although all three prototypes use avatar based interaction technology, the main goal of
each project is different. However, the presented projects also share various numbers of
comparable aspects. The following section focuses on theses comparable aspects but
also on project specific findings.

3.1 Evaluation Results from the Concept Phase

Project Specific Findings

AALuis. The group of healthy and active seniors assessed early mock-ups of the
AALuis communication service using a laptop and a smartphone. In general, partici-
pants reported that the usage of the service was easy for them. One person noticed that
it would be interesting if appointments would synchronize automatically with the
calendar on their smartphone or PC. There was also the fear to get too dependent on a
mobile device in terms of being available all the time.

Older adults evaluated mock-ups of the AALuis reminder service using a tablet and
a TV in an assisted living center where we set up a mobile usability lab. For both
versions, we could hardly detect any clear usability issue. Nevertheless, some partic-
ipants had problems interacting with the prototypes. One reason was that the partici-
pants were not familiar with the used remote control. The buttons were too small and it
was perceived as too complex. Furthermore, participants were hesitant to touch the
tablet and had problems to activate a button. They were too hastily or pressed too hard.
Sometimes the system did not recognize these touches and the supervisor guided their
fingers by hand. It was not possible to test the avatar in this early stage because the
development of this module was still ongoing.

Table 3. Comparison of the evaluation settings for the field trials

 AALuis ibi Miraculous-Life 

Period Apr. 2014 – Aug. 2014 Jul. 2014 – Aug. 2014 Jan. 2016 – Jul. 2016 
Participants 46 8 /
Sex F/M 33/13 4/4 /

Average age 82.8 68.9 /
User groups Older adults, younger 

& active seniors 
Older adults / 

Methods living lab setting Log files, media diary, 
interview 

/

Devices Smartphone, PC, 
tablet, TV 

Smartphone, tablet, 
PC, TV 

/
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ibi. In this early phase, the ibi system was represented by two functional mock-ups
implemented on the tablet and on the TV. Users liked the simple designed GUI con-
taining three areas (avatar area on the top, textual representation of the spoken dialog in
the middle and the interaction area with maximal three buttons on the bottom). Par-
ticipants emphasized that it was very helpful to see the textual representation of the
spoken dialog. These users preferred to read the presented contend instead of listening
to the avatar. The interaction using the four colored buttons on the TV remote control
was easy and intuitive enough for almost all participants.

The used speech recognition model, which was originally designed for seniors
using the Styrian dialect, was also appropriate enough for the testing group of Viennese
citizens. Participants perceived the vocal interaction with the system as something
natural. Users emphasized that they liked the speech recognition because they would
not need to put their glasses on to be able to read a message from their relatives.

Investigation on the avatar appearance showed that participants prefer a human like
middle-aged female avatar which is dressed in everyday clothes and which interacts in
a private surrounding like a living room.

Miraculous-Life. Older adults as well as formal and informal caregivers assessed the
basic functionalities and avatar mock-ups early on in the project. Based on the eval-
uation results, a first prototype with reduced functionality was tested by experts on a
tablet. Avatar mock-ups in conjunction with a questionnaire revealed that the avatar
should act as a friendly personal assistant. Furthermore, most users preferred a human
like avatar with a young woman’s appearance. The avatar should indicate different
interaction modes like waiting, listening and talking.

The expert group analyzed the avatar interaction and the available services. It was
found that the dialogues used with the avatar should be more friendly and natural when
addressing the older adults. The avatar was considered to have a clearly understandable
speech output. Some issues were reported on behalf of wrong pronunciation and
intonation of certain words and letters, especially when using the French language.
Furthermore, strange system behavior was observed where the avatar was arbitrarily
giving commands to himself. This happened because the speech recognition module
recognized certain commands given by the avatar while presenting new information.

Apart from the avatar analysis, the experts noticed some inconsistencies in the
service workflows, especially regarding the navigation. Additionally, experts found that
sometimes the system response time after issuing a command was too long.

Summary of the Evaluation Results

Table 4 provides a comparison of the evaluation results during the concept phase using
rating scales. Ratings were performed by project experts based on the empirical find-
ings from the user involvements.

Implications for the First Prototype

AALuis. At the smartphone version targeting the healthy older adults, some interaction
elements like radio buttons and tabs were too close together and the navigation area
should be visible all the time. Some older adults struggled with using the tablet because
they used a touch screen for the first time and did not dare to really touch the screen.
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Therefore, a training period for this target group had to be considered. The standard
remote control for the TV version confused some participants due to the high amount
of unnecessary buttons, thus later on a simplified version was used.

Ibi. Intended services for the first prototype needed to be reconsidered based on the
questionnaire results performed in this phase. Not all users were familiar with the touch
based interaction so they required a training period. The presented avatar also had to be
redesigned, because users preferred rather a female, middle-aged avatar.

Miraculous-Life. The avatars text pronunciation and intonation had to be improved so
that the older adults do not have problems understanding the avatar. Moreover, the
speech recognition had to be disabled during the avatar playback in order to prevent the
avatar from activating actions through spoken commands. The service workflow
needed also improvements to yield a consistent flow of information and navigation.

3.2 Evaluation Results from the Lab Trials

Project Specific Findings

AALuis. The group of healthy and active seniors evaluated the first functional proto-
type of the AALuis communication service using a PC and a smartphone. In the
beginning, 4 of 5 participants felt more comfortable using the application on the PC,
but 3 of 5 participants got used to operate the smartphone rather quickly. Nevertheless,
when the participants were asked which device they would prefer to use, 4 of 5 favored
the PC. Despite some usability problems, participants gave positive feedback to the
well-structured and similar layout of the application on both devices.

The participants in need of care assessed the AALuis reminder service on TV and a
tablet. In general, usability of the AALuis reminder service was restricted since all

Table 4. Overview of evaluation results from the concept phase. Rating scale interpretation:
Entries on the left side of the vertical line indicate usability or understanding problems, entries on
the right side indicate better usability and understanding.

siuLAA ibi Miraculous-Life 

GUI usability

Service understanding

Interaction on the smartphone not tested not applicable 

Interaction on the tablet

Interaction on the TV not applicable 

Speech recognition not applicable 

Avatar appearance not tested 
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participants had general problems with the TV navigation and were not familiar using a
touch-based device. Since participants had no experience with touch screens and
mostly refused to use them, 3of 4 participants preferred using the TV compared to the
tablet.

ibi. Although the speech recognition was not implemented into the first prototype,
some of the users intuitively tried to respond vocally on questions asked by the avatar.
After a short clarification and some hints about interaction possibilities, most of the
users were able to confirm the presented dialogs by using the TV remote control. Two
users felt a little bit uncomfortable and insecure, hence they refused the interaction with
the remote control.

Care receivers had problems to confirm messages on the tablet. They were not used
to tablets and were not familiar with the concept of touchable buttons. The device was
also not sensible enough and users had to click buttons multiple times in order to
trigger an action. Informal and formal caregivers had troubles with the smartphone,
trying to activate the on-screen keyboard. Additionally, typing on the small screen was
perceived to be a difficult task.

Miraculous-Life. The overall impression of the system was positive and the end users
found the provided services useful. Two users suggested that the Miraculous-Life
system could be an interesting solution for older adults who live alone at home. On the
contrary, other end users suggested that the VSP is a “tricky solution”, since it could
potentially encourage social isolation.

While the avatars speed of speech was adjustable, a similar feature for adjusting the
volume was missed by the end users. Furthermore, the end users missed the possibility
to skip an avatar video. Many participants did not know when the system accepted the
next command and wondered why the system would not react on their behalf. Addi-
tionally, the users found that the speech recognition was not always accurate, which
lead to an unexpected system behavior.

Two older adults experienced difficulties hearing and understanding the avatar.
Furthermore, the gestures of the avatar were perceived to be fluent and fit to the spoken
words but the repertoire was too limited to simulate a natural interaction.

Regarding the user interface, older adults stated that the buttons and labels were too
small to read. Additionally, the avatar was considered to be too small in the service
view and too big in the main view.

Summary of the Evaluation Results

Table 5 presents an overview of the evaluation results from the lab trials using rating
scales.

Implications for the Second Prototype

AALuis. Evaluation results from the second phase indicated that the mock-ups were
easier to use by the participants than the prototypes. Thus, for the final prototypes the
automatically generated user interfaces needed to be closer to the mock-ups taking the
findings of both reported evaluations into account. While some aspects of the proto-
types should be solved with better user interface templates (e.g., better highlighting
of the focused UI element), other aspects required updates within the underlying
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middleware layer (e.g., the differentiation between headline and normal text). The
creation of a UI template for each device was considered to be a solution to reduce
some of the device-specific usability issues.

ibi. The usage of a remote control beyond the TV context was for some users
unnatural. They needed time to get familiar with this interaction type. Additionally, the
remote control had to be simple and clearly designed in order to increase user
acceptance. High quality and more sensible tablets were required. The application for
the informal caregivers had to be redesigned. Predefined text blocks should help to
eliminate the need for typing and to speed up the message generation process.

Miraculous-Life. Since the Miraculous-Life project is currently under development,
the following improvements have to be implemented in the final prototype. The UI has
to be redesigned by means of avatar size, element contrast and coloring to meet the user
requirements and suggestions. The usage of external speakers to better understand the
avatar rather than using the built-in ones needs to be assessed further. The current
interaction mode of the avatar must be clearly visible and perceivable. Furthermore, a
possibility to skip an avatar video is desired. The speech volume must be adjustable
directly from the UI by spoken commands. Finally, the system latency has to be
reduced significantly.

3.3 Evaluation Results from the Field Trials

Project Specific Findings

AALuis. We found that many participants of both user groups appreciated the idea and
the services offered by AALuis. However, using the prototype was inferred from time
to time by technical problems. Accordingly, the user experience results did not reflect
the positive attitude towards AALuis. While the healthy and active older adults got first
of all frustrated, the persons in need of care became more insecure and sometimes
did not dare to use the service anymore. Nevertheless, many participants uttered their

Table 5. Overview of evaluation results from the lab phase

siuLAA ibi Miraculous-Life 

GUI usability 

Service understanding 

Interaction on the smartphone not applicable 

Interaction on the tablet 

Interaction on the TV not applicable 

Interaction on the laptop not tested not applicable 

Speech recognition not applicable not tested 
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regrets that they could not use the services more often to benefit from their offers.
Positive experiences of users which faced only a few technical problems suggest that
a fully functional product offering these services might be interesting for the two
involved user groups.

ibi. In general, all participants were satisfied with the functionality and the benefits of
the offered services. In some cases the internet connection was not as stable as
expected, therefore some messages were delivered with an evident delay.

Users appreciated the possibility to interact with the system using multiple devices.
Hence, many users combined these devices, e.g., by starting the dialog on the tablet and
continuing the interaction by using the avatar-based TV output and the speech rec-
ognition. The overall impression of the speech recognition was quite positive.
Unfortunately, a few numbers of dialogs were automatically confirmed by the con-
tinuous activated speech recognition. Sources of noise, like the radio speech, triggered
commands on the system without explicit intention from the users.

Informal and formal caregivers reported that it was sometimes difficult to use the
smartphone because of the small screen size. Furthermore, the problem with the
insensitive tablet devices remained. It was not possible to purchase new devices for
the field trials so the lab trial devices had to be reused. Informal caregiver remarked that
it would be practical to have an automatic synchronization between the ibi calendar and
a private calendar, e.g., on the smartphone.

Summary of the Evaluation Results

Table 6 summarizes the evaluation results during the field phase using rating scales.

Implications for Further Improvements

AALuis. Developers have to make sure that the technical setup and the system per-
formance can be guaranteed in terms of stability of the integrated system, functionality
of all components, and suitability of the external conditions such as sufficient network

Table 6. Overview of evaluation results from the field trials

AALuis ibi Miraculous-Lifea

Overall usability

Service satisfaction

System reliability

Interaction on the smartphone

Interaction on the tablet

Interaction on the TV

Interaction on the laptop

Speech recognition not applicable 

a The Miraculous-Life project has not been evaluated in the field so far.
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coverage. Apart from these technical issues, the avatar was well appreciated, especially
by the older adults. It would be good to offer more control possibilities to the users in
terms of replaying, pausing or stopping the avatar. Other AALuis UI elements would
benefit from a more visually appealing graphic design which also requires adjustments
in the middleware layer.

ibi. The speech recognition must not be activated all the time but just by special
activation commands, e.g., by the name of the used avatar. Formal caregivers, who
mainly used the smartphone, need a smarter solution to announce a delay of the
home-care visit. Neither the typing of a delay message, nor the selection of a predefined
text-message are appropriate options for this task on small smartphone screens. As an
improvement one can, e.g., use location based services and a scheduler to automatically
pre select the user and the message for a delay announcement. Older adults require
devices with an acceptable touch sensibility. Therefore, touchable devices have to be
pretested before the deployment. For the informal caregivers, automatic calendar
synchronization could be a practical feature.

4 Conclusion

In this paper,we present evaluation results of avatar-based supporting systems developed in
three different Ambient Assisted Living projects. Prototypes developed in the projects
AALuis and ibi generally use an avatar but the focus is rather on a versatile interaction with
different modalities on different devices. In contrast, Miraculous-Life strongly focuses on
the avatar as a virtual interaction partner andnot onmodality anddevicediversity.However,
results from all three projects showed that avatar-based interaction in the Ambient Assisted
Living context is very well applicable. This kind of interaction, especially when combined
with speech recognition, offers big advantages for the target group.
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