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ABSTRACT
Ambient Assisted Living (AAL) aims at supporting elderly
people in their daily lives, allowing them to grow old at home.
In order to provide easy remote control over the rapidly
growing number of assistance services from anywhere in the
apartment, many AAL environments offer a universal control
device. However, the problem of structuring the numerous
services for intuitive usage has not been solved satisfactorily
yet. This paper introduces a spatial metaphor for universal
control devices to structure available services based on the
elderly person’s own apartment. We carried out a study with
18 younger elderly people using a prototype to evaluate the
appropriateness and acceptance of this metaphor. The results
included in this paper show that this apartment metaphor is
appropriate and accepted by this main target group of AAL.

Categories and Subject Descriptors
H.5.2 [Information interfaces and presentation]: User
Interfaces – Ergonomics, Evaluation, Prototyping; H.1.2
[Models and principles]: User/Machine Systems – Human
factors.

General Terms
Design, Experimentation, Human Factors.

Keywords
Ambient Intelligence, Ambient Assisted Living, Ubiquitous
interactivity, Usability, Metaphor, Navigation structure,
Apartment metaphor, Empirical investigation, Accessibility.

1.

INTRODUCTION

Due to demographic and financial constraints in western
nations, it is becoming increasingly difficult to find enough
caregivers for the growing number of elderly people.
Fortunately, the evolving technology of Ambient Intelligence
(AmI) [1], [25], [35] has opened a door to the field of Ambient
Assisted Living (AAL) [4], [23], which aims at supporting
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elderly people in their daily lives, allowing them to grow old
at home, that is, to live in their homes or their familiar
community as long as possible instead of being moved to
nursing homes.
For this purpose, Ambient Assisted Living includes several
categories of support applications, for example, Emergency
Treatment, Autonomy Enhancement, and Comfort [16]. While
services from the Emergency Treatment category should be
able to detect emergencies automatically and thus react
proactively, services from the other two categories are
reactive and should be used explicitly by the assisted person.
Currently, services in AAL are provided by heterogeneous
devices that offer user interfaces (UI) with heterogeneous
interaction concepts. Handling this heterogeneity is a serious
problem even for young elderly people [26], on whom we are
currently focusing our research activities. Young elderly
people are characterized as being retired but still active and
taking part in social activities. They live in their own homes,
where they have to take care of a lot of daily tasks. Even for
them, many tasks they used to perform by hand with
traditional devices are getting more and more cumbersome.
Checking whether all windows and doors are closed before
going to bed is only a simple example of this. Therefore,
many AAL environments offer a universal control device,
which allows controlling all heterogeneous services, such as
building automation, remotely from anywhere in the
apartment in a unified and homogenous manner. The Personal
Universal Controller (PUC) [32] and the Universal Remote
Console (URC) [33] are examples of such devices.
However, no appropriate answer has yet been found to the
problem of structuring the multitude of services available for
intuitive operation and navigation. Already today, there are
many services in AAL environments (such as home
automation) and the number of supporting services will
increase significantly in the near future. To achieve a certain
level of usability, the structure of the provided services on the
user interface is therefore a crucial issue. Even if much
knowledge about “User Interfaces for All” is already available
[31], the specificities of AAL mentioned above require deeper
investigation of the information and navigation structure in
this context.
Therefore, our current research in the AAL domain also deals
with the question of how a user interface for a universal
control device in AAL should be designed in order to be
intuitively usable for elderly people. One promising approach
is to design a user interface that matches to the mental model
of the user [19]. To reflect the way users act and think in their
daily life activities (especially elderly users), we therefore
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developed and evaluated an Apartment Metaphor to make
services accessible in an as natural way as possible. The
results of this research are described in this paper.
The remainder of this paper is structured as follows: After
considering some other metaphors in the next section, we
introduce our Apartment Metaphor. Then we describe a
prototypical implementation and its evaluation in a
comprehensive study with elderly people. The paper closes
with an outlook on future work.

2.

SHORT OVERVIEW ON
METAPHORS

An intuitive navigation structure is an important aspect with
regard to usability. The navigation structure should allow
users to easily find required services (or information /
functions) without performing long searches. Thus, a search
should be successful after performing only a few clicks.
Especially for elderly people, the navigation hierarchy should
be as flat as possible to prevent them from getting lost in it
[5], [36]. Likewise, broad navigation structures should be
avoided. Once the service has been found, it is equally
important for the user to remember where to find it the next
time she/he needs it. Services should therefore be organized in
a way that allows fast navigation and easy remembering. One
approach that supports this is the use of appropriate metaphors
for structuring information in a way that fits the mental model
of the user [22]. Metaphors should bridge the mental gap
between the real world and their mapping within an
information system. This becomes most important when
services are intangible and ambient as in the case of the AAL
domain. For this purpose, we investigated existing approaches
related to metaphors and navigation structures.
When the first graphical computer display emerged,
developing and using metaphors for user interfaces started
almost simultaneously. Metaphors help to understand the
system in terms of real-world objects the users are already
familiar with. Spatial metaphors exploit the extraordinary
human ability to organize objects in space, to recall and
reason about their locations, and many other space-related
cognitive abilities [18].
Probably the most often used type of spatial metaphor is the
desktop metaphor. One of the first examples was Xerox Star
8010 [30]. This metaphor is widely used on personal computer
operating systems. The major limitation of this virtual desktop
is the restricted physical space of the computer screen as
compared to a physical desktop. The virtual desktop is
significantly smaller and thus restricted in the amount of
objects that can be displayed. The most famous concepts used
for solving this problem are alternating screen usage, distorted
views, large virtual workspaces, and multiple virtual
workspaces [18]. The latter is widely used in a variety of
window managers for providing a dedicated workspace for
performing specific tasks (e.g., emailing, typesetting or
programming). Implementations of this concept are, for
example, the room metaphor and the book metaphor. The
room metaphor is used to semantically provide relationships
between the single virtual workspaces [7], [8], [15]. Unlike
the book metaphor, the user has an intuitive understanding of
the content of the single rooms by the symbolic navigation
such as doors.
Tasks to be performed with a system can also be used for
structuring by grouping them into abstract task groups (e.g.,
“copy”, “cut”, and “paste” in “editing tasks”). Thus, tasks can
be hierarchically organized to obtain a navigation structure,
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which is a popular approach [10]. However, in AAL, the
relationship between tasks and the services supporting the
tasks has to be taken into consideration. Due to the dynamic
appearance and disappearance of services, the resulting
navigation structure would not be appropriate for the elderly
at the top-level, since a whole task group might disappear.
Studies in such highly dynamical environments have been
conducted using the instant-messenger metaphor, to easily
implement the appearance and disappearance of task
supporting services [20]. However, we consider this concept
as not appropriate for our target group of elderly people,
because most of them are typically not familiar with dynamic
navigation structures that can also change dynamically. .
Basically, the room metaphor meets the structuring and
navigation needs of elderly people, since it has been validated
that the categorization of elements should be a representation
of the real world [28], the information space should be less
complex, and elderly people need memory cues as provided
by these metaphors [29]. However, our preliminary
investigation could not reveal any ongoing or closed work
related to the applicability and validation of such metaphors in
the domain of AAL. What is mostly done is to simply use the
normal desktop metaphor [11].
Moreover, most metaphors are just conceptual: They only
provide a framework, but their contents may be different. For
example, a room metaphor does not necessarily represent
existing rooms, but the subjects are organized in a room-like
structure (with doors, windows, etc). Fortunately, the Ambient
Intelligence technology provides a chance to map the virtual
elements of a metaphor to real physical objects, for example, a
room to a concrete room in an apartment.
Therefore, our research described in this paper addresses the
question of what such a concrete Apartment Metaphor, as
introduced in the next section, could look like and whether it
is appropriate for universal control devices in the domain of
AAL.

3.

THE APARTMENT METAPHOR

As AAL applications aim at supporting elderly people in their
own apartment by assisting their daily tasks, we consider the
elderly person’s own apartment as a suitable metaphor. Since
they are familiar with their own apartment, such a metaphor
should be easy to learn, use, and remember. Moreover, the
structure of the apartment remains the same, even when
devices and services change. Hence, elderly people will not
need to adapt to a new structure. Therefore, our hypothesis is
that such a metaphor is appropriate for universal control
devices in the AAL domain.
The idea of proposing this metaphor was born from many
conversations with elderly people in previous projects. We
often recognized that elderly people have a natural association
between tasks and devices traditionally used to perform these
tasks, and that it is often hard for them to imagine “virtual”
devices, e.g., IP phones.
The main concepts of our so-called Apartment Metaphor are
therefore tasks, devices and rooms. Tasks are – in our context
of AAL – real-life activities an (elderly) person intends to do
at home, for instance, making a phone call or closing a
window. Following this metaphor, each task is assigned to a
device, which people traditionally use for its performance. Of
course, nowadays it is, for instance, indeed simple to make a
phone call via the Internet using VoIP software. Nevertheless,
for most of us, and especially for the elderly, a phone is the
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device associated with the task of calling. This representation
of traditional real-world devices is thus an important concept
in our metaphor. Continuing this idea, each device typically
has a (fixed) place within the owner’s home. So, following the
Apartment Metaphor, each device is assigned to a room it is
traditionally located in. All rooms together finally form the
whole apartment. Figure 1 depicts these relationships again:
Tasks are performed using a device that is located in a room
that is part of the apartment.
The Apartment Metaphor therefore aims at mapping the
mental model of an apartment to the structure of a user
interface. Just like a real apartment, the resulting virtual
apartment consists of several rooms (for example, kitchen,
living room, hallway, and bathroom). After “entering” a room
all devices allocated to this room can be selected directly. By
organizing the user interface in this way, we provide the
elderly person with a simple way to perform an intended task:
They mentally identify the traditional device and the room it is
located in, and then easily navigate the other way around by
entering the room and selecting the device virtually (see
Figure 2). If they want to make a phone call, for instance, they
head for the hallway where their phone is located in, and make
the call.
Thus, to perform the intended task, they always need two
navigational steps only. As intended for the target group of the
elderly, we managed to keep the navigational hierarchy very
shallow. Moreover, being a real-world metaphor [34], our
approach seems appropriate for the specific needs of this
target group.
Apartment

Task / Service

performed
using

Device

located in

Room

Figure 1. Relationships in the Apartment Metaphor
Finally, in order to deal with the dynamic aspects of AAL
systems, we also consider the Apartment Metaphor as a
helpful means. As this metaphor is a specific implementation
of both room and instant-messenger metaphor, it is also able
to reflect the lifetime of an apartment and not only a static
snapshot. For instance, when putting a new real device into
the room where it belongs, the services provided by this
device will be immediately available in the corresponding
virtual room on the user interface.

4.

DESIGNING A PROTOTYPE OF
THE APARTMENT METAPHOR

To evaluate the appropriateness of the Apartment Metaphor,
we used a prototype technique. Thus, we developed a user
interface prototype based on the concepts of this metaphor.
As mentioned before, the main idea of the Apartment
Metaphor is not only to represent any apartment, but to
represent the user’s own apartment (or house), and thus, map
his conceptional view of the real environment to the structure
of the user interface. When we designed the prototype, this
was a challenge, as we were not able to build an individual
prototype for each participant of our evaluation.
To cope with this problem, we therefore performed a card
sorting [6] study with representatives of our target group to
find out a suitable grouping of services in rooms. In this way,
we expected to get a wide-accepted structure of services to

implement in the prototype in order to avoid any corruption of
the future evaluation results. Thus, the purpose of card sorting
was just a pragmatic support for our prototype development in
order to find an appropriate clustering of items 1 . Indeed, we
were sure that there would not be a 100% overlap between all
participants, as, for instance, some people are used to making
phone calls in the hallway, while others prefer the living
room. However, we estimated a high overlap to enable the
evaluation participants to intuitively find most of the devices
in the expected rooms.
Identification

Mind

Task

Device

Room
UI

Navigation

Figure 2. Performing an intended task
As our current target group of AAL are young elderly people
living at home, proper candidates were people who were
retired but still active in social activities, and who still live in
their own homes, in particular, not in nursing homes.
Therefore, we included a corresponding total of 13 women
and men between 55 and 85 years of age, which we split into
four groups with three, respectively four, participants. We
provided each group with a set of 41 current or future services
available in AAL environments (see Tasks in Figure 3) 2 ,
which they should group into living room, kitchen, bathroom,
bedroom, and hallway. The device level was omitted to
simplify the setup, but almost every given task was
unambiguously assignable to a specific device, since, for
instance, the name of the device was part of the task itself
(“Make a phone call”). The identified set of 41 services was
printed on file cards, so that they could be easily handled
(sorting, pushing, etc). Additional blue cards were provided in
case the participants decided that some services did not fit into
the given room groups. In that case, the participants should
place these services into a new group and name that group
appropriately. Finally, they were encouraged to think aloud,
so that the moderator could comprehend and document the
decisions made.
During this session, almost every group sorted in the same
way, influenced, of course, by their personal habits (for
example, whether they were used to making phone calls in the
living room or in the hallway). As expected, each group used
an additional group to place a set of tasks in. This group
combined all services that were not unambiguously assignable
to a single room, such as “Switch Light on/off” or “Check if
all devices are switched off”. Accordingly, this group was
named “central”, “everywhere”, or similar by the participants.
Finally, we named that group “House”.

1

In real use, this clustering will not be necessary, as a UCD
can then adapt itself to the real apartment according to our
metaphor,

2

All materials used during both phases of our evaluation were
originally in German. The prototype, examples, figures,
comments by participants, or other results were especially
translated into English for this publication.
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simply pressing the corresponding icons using their fingers,
which has been proven as appropriate for elderly people [17].
0

Bedroom

0,2

0,4

0,6

0,8

Adjust Bed
Set up Alarm Clock

Check, if all Devices are switched off
Get actual time
Turn Heater on/off

House

Based on the gathered data, we conducted a cluster analysis to
identify certain communalities. For this purpose, the tool
EZSort [12] was used to show the concrete relationship
between pairs of services. The result of the closed cluster
analysis is shown in Figure 3, symbolizing the relationships
between pairs and their corresponding rooms. The shortest
path between two services expresses the exact relationship,
i.e., each participant put these services into the same group.
So, the shorter this particular path is, the closer these two
services are related to each other. However, as expected, we
did not receive a 100% overlap for all tasks.

Switch Light on/off
Check, if door is closed
Check, if window is closed
Open/close Blinds
Open/close Window
Watch Security Camera

Hallway

Using the results from the card sorting, a user interface
prototype of a universal control device implementing the
Apartment Metaphor was developed. However, before starting
implementation, we first had to integrate the device level that
was omitted before to simplify the setup. The service “Make a
phone call”, for instance, which was assigned directly to the
hallway, is now, according to our Apartment Metaphor,
assigned to a phone that is located in the hallway. This enables
the suggested room-device-task navigation.

Open Front Door
Set Alarm Device
Use public telephone directory
Use private telephone directory
Make a telephone call
Call Police, Firefighter, Doctor
Check/Add Appointments
Read/Write Calendar Entry

Living Room

Write Letter or email

In particular, we had to take care of the services that could not
be unambiguously assigned to rooms during the card sorting
session and that were assigned to a new group by all
participants as mentioned before. We decided to integrate an
additional group “House” 3 , which contains all devices that
may affect the whole apartment. By selecting “Blinds”, for
instance, the user can control all blinds in her/his whole
apartment. In addition, we also put most of these devices into
every room. However, by selecting “Blinds” in a particular
room, for instance, the user can only control the blinds in this
room. Figure 4 shows an excerpt of the final task-device-room
assignment.

Record from Television
Play Music
Watch Movie
Watch Pictures
Read Letter or email
Use Internet
Watch Television
Read Newspaper
Read TV-Guide
Read Fitness-Schedule

Bathroom

Set up Bathtub
Set up washing machine

Check, which groceries are still eatable

Kitchen

Check, which groceries are still stocked
Check vital dates
Read medicine schedule
Read the Menu
Set up Microwave oven
Set up Dishwasher
Set up Cooker

0,3

0,7

Read Recipe

For the implementation of our universal control device, we
used the Adobe Flash [2] technology. In order to avoid
negative effects on the results of our evaluation, we strongly
adhered to guidelines regarding user interface design for
elderly people, such as [5], [27], [36].
Moreover, we used photo-realistic instead of drawn icons to
increase the recognizability of the devices. Later, the icons
could also show a photo of the actual device in the apartment
instead of a symbolic one. Also, to visualize the rooms, we
used photo-realistic icons depicting typical stuff in a room
(e.g., bed for bedroom). This seems to us more adequate for
the elderly than an abstract visualization such as a floor plan.
We decided to place these icons on a simple navigation bar at
the bottom of the screen to “enter” a room. After entering, the
upper area of the screen – named device selection area – then
shows all available devices in this room (see Figure 5). If a
concrete device is then selected, the device selection area will
be replaced by a device-specific user interface, e.g., of a diary.
The bar, however, always stays visible to enable the suggested
two-click navigation. If the user wants to use another service,
he/she only needs to (re)enter a room and select the
corresponding device. Fortunately, this also allows us to leave
out an explicit “Back” button, as we only use a navigational
depth of two.
In order to provide a very intuitive interaction, the prototype
was installed on a PaceBlade Slimbook P120 touchscreen
TabletPC [24]. Thus, the participants were able to navigate by

0

0,2

0,4

0,6

0,8

Figure 3. Cluster Analysis of the closed card sorting
Since we were only interested in whether and how the
participants were able to find the corresponding service within
the user interface (instead of performing the task itself), we
left out any service functionality (and thus any device-specific
user interface) at this prototype stage. After selecting a
particular device, the user interface showed only textual
information about the device’s capabilities. Moreover, we left
out the adaptable aspect considering the appearance or
disappearance of the devices due to the already mentioned
instant-messenger metaphor.

5.

EVALUATING THE APARTMENT
METAPHOR

Our main hypothesis is that the Apartment Metaphor is
appropriate for universal control devices in the AAL domain.
We evaluated this by testing the usability of the prototype’s
navigation structure in terms of effectiveness and efficiency
according to metrics defined in [9].

5.1

Hypotheses

We broke down our main hypothesis into several subhypotheses addressing different aspects of a usable navigation
structure.
H1. Effectiveness - Completion rate:

3

It appeared to be difficult to find an appropriate name and
icon for that group. Although we were not really satisfied with
the name “House”, the participants liked it.
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Explanation: Our metaphor should enable elderly people to
access all services available in an AAL environment.
However, we estimate a default dropout rate of up to 5%
which is always possible.

computers reached from “no experience” to “daily work”. The
participants were volunteers and were not paid for their
participation.
Switch Lights on/off

H2. Effectiveness - Assistance:
On average, at least 80% of the given task can be completed
(by finding the corresponding device) without help.
Explanation: As mentioned before, the Apartment Metaphor
should enable elderly people to access all available AAL
services using one universal control device. However, due to
the fact that the navigation structure in our prototype does not
reflect the personal situation of each participant (which we
will change in future work), we expect some participants to
ask for help in situations where the navigation structure does
not meet their expectations.
H3. Efficiency - Click Count:
The click rate to reach a corresponding service for a given
task is distributed exponentially, with most tasks needing less
than 2.5 clicks on average
Explanation: Following our metaphor, a user should need no
more than 2 clicks on icons to choose a service: One to choose
a room to which the device providing the service is associated,
and another one to choose the device itself. Following this, we
expect most tasks to be completed in about 2 clicks on
average. Knowing about the problems described above, we
also expected that some tasks would need more clicks.
H4. Efficiency - Mean Time on Task:
The time for reaching a corresponding service for a given task
is distributed normally, with an average of 10 seconds and a
standard deviation of 6 seconds.
Explanation: The mean time on task is expected to correlate
with the click rate. The 10 seconds average is calculated on
around 5 seconds per click. We consider this as a realistic
value because the user interface and the test itself are
completely new for the participants. However, as some tasks
are more challenging than others, we expect a (standard)
deviation of 3 seconds per click.

Blinds
Turn Heater on/off

Windows

Open/close Window

House

Doors

Check, if doors are closed
Get actual time

Clock

Check, if all Devices are
switched off

All Devices

Switch Lights on/off

Lights

Open/close Blinds
Blinds
Turn Heater on/off
Check, if windows are
closed

Heater

Bedroom

Windows

Open/close Window
Set up Alarm Clock

Alarm Clock

Adjust Bed

Bed

Switch Lights on/off

Lights

Open/close Blinds
Blinds
Turn Heater on/off

Hallway
Heater

Check, if windows are
closed

Windows

Open/close Window
Watch Security Camera

Alarm Device

Set Alarm Device

Front Door

Open Front Door

...

...

Device

Room

Task

Figure 4. Excerpt from the task-device-room assignment

Figure 5. Screenshot from the prototype
6

Sample

5
4
#

As test candidates, we recruited group of young elderly
participants that was similar to, yet different from the group
used during the card sorting before. As the previous
participants were already familiar with our idea of structuring
tasks according to devices and rooms, it was important to
select another set of individuals. The candidates, 10 men and 8
women between the age of 54 and 81 years with most being
around 70 years old (see Figure 6), were selected randomly by
an organization for elderly people in the city of Speyer,
Germany. One third of them lived alone, while the other two
thirds lived together with their partner (often one of the two
was ill or partially disabled). 50% of them had a professional
education; 50% even had a university degree. 77% had been
retired for less than 10 years, and all were still active and
taking part in social life. Their experience with personal

Heater

Check, if windows are
closed

Besides these objective hypotheses, we also wanted to gather
subjective reactions of the participants for better interpretation
of the results. So, we were interested in the participants’
opinion on how they feel (satisfaction) in order to get an
impression on whether they had problems in using the
navigation as intended (see Figure 2). However, we did not
define any specific hypotheses for this.

5.2

Lights

Open/close Blinds

m

3

f

2
1
0
<55

55-64

65-74

75-80

>80

Figure 6. Age structure of the test candidates
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Experimental Set-Up and Procedure

As evaluation method we used a Usability Test [13]. For this
purpose, we made use of a variety of technical devices
executing and monitoring the whole situation. A video replay
of the display output from the interaction device was recorded
directly. Due to the haptic input, this could only be used to get
the position where the participant actually pressed on the
device. To get a complete replay of the navigation process
including hesitation and hovering over icons without clicking,
we used a camcorder (see Figure 7, left). To ensure privacy,
we only recorded the hands instead of the whole participant.
Both video streams were automatically synchronized and
merged into a single stream (see Figure 7, right). Furthermore,
a moderator and two observers, who noticed important
situations, reactions and comments, were present. The
moderator introduced the participants and explained them the
purpose of the study, privacy issues, and the task to be done
without giving concrete explanations that could corrupt the
results. Moreover, he supported the participant during the test
and encouraged them to go ahead we they started to hesitate.
Again, the participants were explicitly asked to think aloud in
order to get information about the way they feel and think.

95% completion rate, but still more than 90%. Thus, we
consider our hypothesis to be reliable. However, the
participants could only complete an average of 86% (standard
deviation 7%) without help (see Figure 8). This analysis also
shows that only 3 participants were unable to achieve the 80%
completion without help.
7
6
# participants

5.3

5
4
3
2
1
0
70 - 75%

75 - 80%

80 - 85%

85 - 90%

90 - 95%

95 - 100%

Completed tasks without help

Figure 8. Task completion without help
Efficiency: With regard to efficiency, we analyzed the click
rate and the mean time on task. Due to the above-mentioned
reasons, the number of clicks and time needed to perform a
task significantly differed between the tasks. The most
problematic tasks we identified were five tasks in which the
corresponding device could not be found in a unique room in
all participants’ homes (see Table 1). These tasks took more
than 5.0 clicks on average. However, more than half of the
tasks took less than 2.2 clicks on average and 48% of the tasks
could even be completed with the minimum of 2 clicks.
Figure 9 depicts the measured distribution of the click rate
(without outliers). Testing this distribution shows that an
exponential distribution can be assumed.

Figure 7. Participant during the evaluation
At the beginning of each run, the participant got a catalogue of
33 daily tasks, such as “Open a window”, “Check your drug
schedule”, “Check if all devices are switched off”, or “Listen
to some music”, which they should try to perform by using
this prototype. These tasks had been identified by the
consideration of the capabilities of remote controllable
devices already existing on market or planed for the near
future. The first tasks were quite self-explaining to achieve a
positive feeling through quick success. The degree of
difficulty constantly increased until the end of the catalogue
was reached.
At the end of the experiment, a short interview was done with
questions regarding satisfaction, feelings during the study,
problems, opinions on the metaphor and prototype, and other
questions of interest for our future research. Moreover, the
participants were asked to fill out an AttrakDiff [14]
questionnaire to measure the usability and attractiveness of the
whole prototype.

5.4

Analysis

As results from the experiment, we got about 9 hours of video
material from the observation and 18 filled-out interview and
AttrakDiff questionnaires. To analyze the video material, we
used the tool INTERACT [21], where it is possible to tag
events, such as clicks, time intervals, such as the time for
performing a task, and conditions, such as successful
completion. The corresponding results were exported to a
spreadsheet to perform statistical analysis.
Effectiveness: The first analysis concerned the effectiveness in
terms of completion and assistance rate. On average, each
participant completed 98% of the given tasks successfully
(standard deviation 3%). Only 3 persons could not achieve a
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Table 1. List of the most problematic tasks
#

Task

Ø

Ø

Clicks

Time

1

Look for your next doctor’s
appointment.

6.5

01:15

2

Look at the wall clock to
see what time it is.

6.5

00:56

3

Check your blood pressure.

5.5

00:52

4

Open the front door for the
postman.

4.83

00:43

5

Check if you have taken all
medications listed on your
medication plan.

3.29

00:32

This gap between “normal” and “problematic” task
performance also becomes obvious when considering the
mean time on task. The fastest tasks could, for instance, be
completed in less than 4 seconds on average, while the
slowest task took more than 75 seconds. Summarizing, a task
was completed in an average of 16 seconds (with a standard
deviation of 17 seconds), but when the five most problematic
tasks are left out, average was 10 seconds with a standard
deviation of 6 seconds – as expected. Testing this distribution
shows that a normal distribution around the expected values
can be assumed.
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25

# tasks

20
15
10
5
0
2,0 - 2,5

2,5 - 3,0

3,0 - 3,5

3,5 - 4,0

4,0 - 4,5

Average clicks

Figure 9. Clicks needed to perform the tasks
Satisfaction: The results from the post-interview were
analyzed using a word processor for checking the free answers
and comments, and a spreadsheet in which we noted the
results of closed questions. The most interesting questions in
this paper concerned two issues: First, the opinion of the
participants with regard to the visualization of Apartment
Metaphor elements; and second, the problems, if any, they
had in using the navigation. Regarding the visualization of the
metaphor elements, 94% thought that most of the icons were
comprehensible and that they did not have any problems
clicking the right ones. These 94% were a very important
value, as the success of a metaphor strongly depends on the
visualization of its elements. If, for example, a user cannot
understand the meaning of an icon, he would probably have
problems finding the right services, even if he understood the
underlying mental model.
With regard to the question of whether people had problems in
using the navigation as intended (see Figure 2), 83% of the
participants said that it was totally intuitive for them to
identify an appropriate device for a given task. Furthermore,
78% of the participants did not experience any major
problems when looking for a device in a room where they
expected it. For most of them, only a few tasks, such as those
listed in Table 1, were challenging, but in general, they knew
where to look for a task-supporting device.
To analyze the results of the AttrakDiff questionnaire, we
performed an automatic analysis using the free AttrakDiff tool
[3]. The results showed that the participants were largely
satisfied with the attractiveness / hedonic quality (HQ) and
usability / pragmatic quality (PQ) of the prototype as a whole
(see “P” box in Figure 10).

6.

INTERPRETATION

The analysis of the objective measurements we got from the
experiment largely confirmed our hypotheses.
Especially our hypotheses on efficiency could be exactly
confirmed. This shows that user interfaces built upon our
Apartment Metaphor can be used as efficiently as expected.
The fact that many services were reachable with exactly 2
clicks when using the prototypical device showed that the
underlying assumption on how to use a user interface
according to our metaphor (see Figure 2) was not far from
reality. Especially the participants’ reactions and statements
observed during the evaluation (collected thanks to the
participants’ thinking aloud) lead to the assumption, that there
was a mental mapping between tasks and corresponding
devices and between devices and rooms they are typically
located in. For instance, the task “Check what you need for
the sauce” was commented by most participants by “Well, I
go to the kitchen and take a look at the cookbook”.

Figure 10. Result of AttrakDiff analysis
The problematic tasks that occurred can be traced back to the
fact that the prototype was not personalized to the real
participants’ apartments. This led to some confused
participants because a few devices were not available in a
room where they expected them from their real-life
experience, e.g., the phone that we grouped in the hallway
based on the card sorting results, even though some people
had it in the living room. These problematic tasks can thus be
considered as the reason why we did not reach optimal values
(such as 100% completion without help).
However, we are completely sure that these results do not
influence the confirmation of the Apartment Metaphor in a
negative way. Instead, we are convinced that many problems
are an implicit confirmation of our metaphor. During the
experiment we noticed that in the problematic cases, the
participants always mentioned that they cannot find a device
because it would be located in another room at their real
home. This implies that they actually map the real apartment
to the structure of the interface and that they navigate in the
same way as they do it in real life: Identifying a device and
the room it is located in and entering the room. Thus, the
misguided navigation into the living room when looking for
the phone, for instance, was a confirmation of our metaphor, if
the participant’s phone was located in her/his real living room
(which we always asked in the problematic cases).
Even some participants recognized this problem and pointed
out that in their opinion, there will be no one-fits-all solution
and that the concrete user interfaces always has to be
individually adapted to a specific apartment. Fortunately, this
was something we already knew before. In a later productive
environment, we therefore do not expect these problems, as
the user interface will then be adapted to each user’s habits.

6.1

Threats to Validity

The interpretation of our results requires an investigation of
possible threats to validity. We distinguish between
conclusion, internal, construct, and external validity.

6.1.1

Conclusion Validity

The quality of the gathered data can be considered as high,
because the observations were recorded on video and
monitored by two independent observers. Statistical
instruments were used to calculate the significance of the
hypotheses. The personal background of the participants
regarding the experimental task was nearly the same, so we
did not find any outlier that could corrupt the results. Also, the
“problematic” tasks mentioned above did not influence our
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conclusion in a negative way, as we already expected these
problems or as we ignored them during analysis.

6.1.2

Internal Validity

The independent variables remained unchanged between all
participants. Disturbing factors during the performance of the
experiment or during the analysis of the results were not
observed. As the participants were volunteers, they were
highly motivated and concentrated. Learning effects can be
excluded, since every participant had only one session.
Regarding the objective measures for effectiveness and
efficiency, we therefore see no threats to the internal validity.
However, regarding the subjective measures, such as the
AttrakDiff questionnaire, we see a strong impact by some
participants who were highly enthusiastic for life-assisting
products due to personal need.

6.1.3

Construct Validity

The experiment was intended to show the appropriateness of
the Apartment Metaphor. We defined the Apartment
Metaphor as appropriate if and only if a navigation structure
based on this metaphor is usable for the target group. To
measure this usability, we took standardized metrics,
formulated clear hypotheses, and selected 18 participants, who
were asked to find 33 services within the navigation structure.
Due to this, we consider the construction of our experiment as
valid for its intended purpose.

6.1.4

External Validity

Even if we did not take cultural differences into consideration,
the participants were a good and realistic representation of the
target audience of AAL. Indeed, we did not assure that the
distribution in sex, age, and education was completely
representative of the elderly, but largely sufficient, as the
participants were a real subset of the target audience.
Especially with regard to the sustainability of the results, we
selected young elderly around 70 years, as they will be the
potential AAL users when this technology will actually come
to market (in around 5 years). The environment of the
experiment was a meeting room and not a real apartment.
However, for the purpose of our investigation, this is not a
threat. Thus, we expect to have high external validity.

7.

So far, we have only shown that our metaphor actually works.
However, to better interpret this result, it is required that we
compare Apartment Metaphor driven menus with other menu
structures, for example those categorized by topics (e.g.,
medical, household, food etc). Consequently, we are currently
preparing such a comparison.
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