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Abstract In the age of ambient media, people are surrounded by lots of
physical objects (media objects) for rendering the digital world in the natural
environment. These media objects should interact with users in a way that is
not disturbing for them. To address this issue, this work presents a design and
automation strategy for augmenting the world around us with personalized
ambient media services that behave in a considerate manner. That is, ambient
services are capable of adjusting its obtrusiveness level (i.e., the extent to
which each service intrudes the user’s mind) by using the appropriate media
objects for each user’s situation.

Keywords Unobtrusive ambient media · Personalized services · Context
awareness

1 Introduction

Ambient media are embedded throughout the natural environment of users in
physical objects that surround them (e.g., in his mobile device, in his car, in
the TV, in the lights, etc.) and stimulate their human senses. These physical
objects are called media objects[16]. To promote a natural interaction between
the user and the environment, media objects must behave invisibly and unob-
trusively, and negotiate the volume and the medium of the interactions.

This work is focused on supporting unobtrusive personalized services using
the appropriate media objects. To achieve more invisibility, these ambient
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Fig. 1 Example scenario of a personalized service adjusting the obtrusiveness level

services will be proactively executed in reaction to implicit interactions (i.e.,
those that occur without the explicit behest or awareness of the user) [13],
based on the situational context such as location, surrounding environment or
user’s state [24]. For example, when a hotel guest approaches to his/her room
(implicit interaction), a welcome hotel service will be automatically executed
(see Figure 1): opening the door room to let the user come in, switching on
the lights of the room, turning on the air conditioner to fit user preferences
and communicating the new messages/news of the hotel to the user.

Our strategy to design unobtrusive personalized services is based on mak-
ing ambient media more considerate [8] and less interruptive. For example,
communicating the new messages using the ambient sound may be annoying
either when the user is busy or with company. According to the Considerate
Computing vision [8], user attention is a primary resource to be considered.
Thus, ambient media services must behave in a considerate manner, demand-
ing the proper level of user attention in each situation. Considering the service
above introduced, each time it is performed, some of its actions could require
a different degree of user attention. As a consequence, different media objects
should be used to support each task at the appropriate obtrusiveness level
(e.g., using either the TV or the mobile device to show the hotel messages).

The main contribution of this work is a design strategy and a software in-
frastructure for describing and automating unobtrusive personalized services
in ambient media environments using high-level abstraction models. These
models specified at design time are leveraged at runtime for supporting the
execution of the described behaviour in an unobtrusive manner. In this way,
the design effort made at design time is not only useful for producing the sys-
tem, but also provides a richer semantic base for adaptation during execution.
Also, user needs drive the design of the system providing users with person-
alized services with their appropriate degree of obtrusiveness and avoiding
information overload.

The paper is organized as follows. Section 2 describes the high-level ab-
straction models for describing unobtrusive personalized services. Section 3
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explains how these models are used at runtime for providing the functionality
of these services. Section 4 describes the evaluation of the proposal by means of
a case study. Section 5 describes the related work. Finally, Section 6 discusses
this work and presents conclusions and further work.

2 Modelling Unobtrusive Personalized Services

The goal of the design strategy presented in this work is to manage the media
objects of the environment to augment the world around users and provide
them with unobtrusive personalized services. This interactivity with the phys-
ical objects should be adapted to the attentional resources and needs of each
user in order to avoid overwhelming him/her. Thus, we propose personalizing
services in ambient media environments by using the most appropriate media
object for each situation according to users needs and preferences. For defining
such services, designers need to perform the following steps (see Fig. 2):

User modelling

Persona Ambient
media services

Level of
obtrusiveness

S1 S2 S3
Obtrusiveness
space

Unobtrusive service 
modelling

S1 S2

Service
behaviour

Media
objects to
use

Media objects
mapping

Fig. 2 Overview of the design strategy

1. User modelling : Detect user needs and preferences to determine the
needed ambient media services and the obtrusiveness level required for
the interaction with them.

2. Unobtrusive service modelling : Define the ambient media service be-
haviour and interaction style based on user’s needs and obtrusiveness to
make use of the appropriate media objects for each situation.

3. Mapping obtrusiveness to media objects: Define the media objects
(physical objects of the environment) most appropriate for each service in
each situation.

These steps and how they are supported by the proposed models are further
described in the next subsections.

2.1 User Modelling

To detect user needs and preferences for achieving the personalization of am-
bient media services we make use of personas (also known as user profiles).
A persona is a summary representation of the system’s intended users, often
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described as real people [3]. Personas provide a framework for describing the
target audience in a way useful to design systems. In this way, ambient services
can be personalized according to these descriptions.

Personas are used to gather the relevant information of the audience to
help drive design and detect common functionalities between users. Personas
are usually used in the design of user-centered approaches. According to users,
personas give a much more concrete picture of typical users providing features
that directly address specific user needs [9]. Thus, it is interesting the use of
them in this work where we have directly addressed specific user needs.

Personas describe target users of the system, giving a clear picture of how
they are likely to use it, and what they will expect from it [3]. It has become a
popular way for design teams to capture relevant information about customers
that directly impact on the design process: user goals, scenarios, tasks, and the
like. Scenarios are little stories describing how typical user tasks are carried
out. They help to identify both the decisions that a user will have to make at
each step in their experience and his/her preferred interaction styles.

Bob Berry · The business traveller
Familiar to ambient services

Objectives

· Optimize time
· Don't forget tasks
· Be aware of all hotel messages
· Make the check-in quickly 

Mary Jane · The tourist
Novice in ambient services

Objectives

· Feel comfortable
· Be aware of organized trips
· Enjoy the staying

Scenarios Scenarios

· Stay in the hotel
Bob is a professor and he usually goes to conferences or other 
universities to make talks. He would like to optimize his time in the
hotel, therefore, he wants: check-in and check-out be as quickly 
as possible, the room be fitted  to his preferences, and be
aware of the hotel messages without having to go to the reception.

· Enjoy the trip
Mary is a tourist that want to enjoy her trips and feel comfortable in 
the hotel. She would like to be aware of all the organized visits to 
see the city and meet people that have the same hobbies as her.

Fig. 3 Excerpt of two personas

In this work, we follow the notation defined by [3] to determine the needs
of each user and the functionality required in a specific domain. Figure 3 shows
an example of two personas for a Smart Hotel system. These personas give a
detailed picture of a business traveller and a tourist. Both have different ob-
jectives and have different scenarios according to their needs. For example, the
business traveller is a busy person that wants optimize his time, be produc-
tive and be aware of the hotel messages in all moment. In contrast, the tourist
wants to feel comfortable during the staying in the hotel and be aware of the
organized trips. Thus, these different personas require different services and
different interaction styles with the services according to their needs. By the
definition of personas, analysts must detect the services needed for interacting
with the system. For example, the business traveller would need an ambient
service executed when he enters the room in charge of fitting the room to his
preferences and remember him the missed hotel messages. On the contrary,
the tourist could require a tourist guide service that informs her the organized
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visits and a waking up service that makes her staying more comfortable. In this
way, personas will guide subsequent adaptations in information presentation,
modality and media objects chosen.

2.2 Unobtrusive Service Modelling

Once the ambient media services and the functionalities are identified accord-
ing to the user needs, analysts have to determine the behaviour of the services
to give support to the functionalities. The way to describe these services’ be-
haviour in an unobtrusive way is explained in the following subsections.

2.2.1 Describing the service behaviour.

In order to describe ambient service behaviour we use task models inspired by
Hierarchical Task Analysis, which hierarchically refines a high-level task into
more specific ones by building a task tree.

UserLocation =
RoomDoor

Composite Task

Root Task

Exclusive Refinement
Only one subtask is executed

Temporal Refinement
Ordering constraints
for execution

Entering
the room

>>[UserLocation=Room]>>Open
the door

Illuminate
the room

[OusideBrightness=low]
Switch light on

[OusideBrightness!=low]
Open curtains

Adjusting the
temperature

[Window=opened]
Close windows

Switch on heating
and air conditioning

|=|

>>

Communicate
hotel messages

>>

Situational Context

Executable Task

Fig. 4 Entering the room service

Figure 4 shows the modelling of the behaviour for the entering the room
service (used as example in previous sections) using the proposed task model.
This service is modelled for the needs of the business traveller persona. The
root task represents the service and has an associated situational context whose
fulfilment starts the execution of the service (UserLocation=RoomDoor). This
situational context defines the context conditions that are produced in an
implicit interaction. The root task is broken down into more specific tasks
until they are executable tasks (i.e., tasks that can be executed by a media
object). For each executable task, it is indicated in which obtrusiveness levels
can be executed, and also, which media objects must be used in each one of
those obtrusiveness levels to carry out the task (this is next further explained).

A task can have a context precondition (represented between brackets),
which defines the context conditions that must be fulfilled so that a task is
performed (if the precondition is not fulfilled, the task will not be executed).
For instance, the Switch light on task has as a precondition that the outside
brightness is low.
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To break a task down, temporal or exclusive refinements can be used. On
the one hand, using temporal refinements, all the subtasks are executed fol-
lowing a temporal order; in this case, tasks are related between them using
temporal restrictions based on the ones proposed in [20]. For instance, as shown
in Fig. 4, the service is decomposed into four subtasks using temporal refine-
ments. This means that, when user is detected in front of his/her hotel room,
its door will be opened; then, when the user enters inside, the room will be
illuminated and the temperature will be adjusted; and finally, the hotel mes-
sages will be communicated to the user. On the other hand, using exclusive
refinements only one subtask will be executed. For instance, the illuminate
the room composite task is decomposed into two subtasks by using exclusive
refinements; therefore, to illuminate the room either the lights will be switched
on or the curtains will be opened.

To specify the context conditions (in the situational context, task precondi-
tions and relationships), we use logical expressions grounded on elements of an
ontology-based context model (we use the one presented in [25]). The logical
expressions combine any number of basic expressions linked by the following
logical connectives: and (AND), or (OR), equalities (=), inequalities (!=) and
greater (>), or less than (<). Note that these context conditions allow services
to be adaptive to user’s context by means of specifying the different variations
in a context-adaptive way.

2.2.2 Specifying the obtrusiveness space.

To adjust the obtrusiveness of the ambient services, we make use of the concep-
tual framework for defining implicit interactions presented in [13]. Specifically,
we determine the obtrusiveness level of each executable task of the services.
This framework defines two dimensions to characterize interactions: initiative
and attention. According to the initiative factor, interaction can be reactive
(the user initiates the interaction) or proactive (the system takes the initia-
tive). With regard to the attention factor, an interaction can take place at the
foreground of user attention (the user is fully conscious of the interaction) or
at the background (unadvised interaction). For this work, we have divided the
attention axis in three segments as shown in Figure 5 which are associated
with the following values: invisible (there is no way for the user to perceive
the interaction), slightly-appreciable (usually the user would not perceive it un-
less he/she makes some effort), and completely-awareness (the user becomes
aware of the interaction even if he/she is performing other tasks). This con-
ceptual framework defines the space of possible interaction styles (e.g., those
that require more or less attention and more or less initiative).

There is different ways to accomplish a service task with different degrees
of attentional demand and initiative. The selection of one will depend on the
user needs and preferences. Furthermore, all the tasks do not have sense in all
the quadrants. For example, the task Switch light on has more sense in reactive
levels (e.g., when the user turns on the lights or the lights are turned on when
the user enters the room). Designer not only decides what action needs to
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[(UserIsBusy AND
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at t ent ion
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at iv

e
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tiv
e

invis. slightly aware

Switch
light on
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ac

tiv
e

[UserActivity=
Sleeping]

[UserActivity!=
Sleeping]

Fig. 5 Selection of the obtrusiveness levels for two tasks

occur by means of tasks, but also, very importantly, the manner in which
it should take place by means of selecting the possible obtrusiveness levels in
which each executable task can be performed. Thus, designers have to describe
the obtrusiveness space for each different executable task by defining in which
obtrusiveness levels it can be executed, and the context conditions that make
the system to choose the adequate level at each moment. By means of the
obtrusiveness space, designers can better match an appropriate interaction
to the situation at hand. It is worth noting that the obtrusiveness space is
specified for each executable task individually, independently of the service to
which it belongs, and considering the objectives specified in each persona.

Figure 5 illustrates the linkage between the executable tasks “Switch light
on” and “Communicate hotel messages” (shown in Figure 4) and the obtru-
siveness space for the interactions that support these tasks. On the one hand,
the task to “switch light on” is performed in different levels of attention de-
pending on the user activity. Note that this task can be executed in other
services (such as for waking up the user), and the obtrusiveness space depends
only on the task and the persona, not on the service in which the task is per-
formed. Thus, this task can regulate the light using the gradual lighting when
the user is sleeping. However, when the user is not sleeping, the task is per-
formed at the completely-awareness level of attention and, therefore, it uses
the regular lights. This task is always performed in a reactive manner with
regard to the initiative axis since the task is executed in reaction to the user
detection. On the other hand, the second task provides the hotel messages to
the user. Depending on the urgency of the messages, the location of the user
and the engagement of the user in other activities and his/her company, the
task is executed in a different obtrusiveness level. The system informs the user
about the messages proactively in a notorious manner requiring a high level
of attention (completely-awareness) if the user is alone in the room and is not
busy (e.g., ambient sound can be used). However, if the user is not in the room
and is not busy, or is busy but the messages are important, the system informs
the user about these messages in a subtle manner (e.g., using his mobile de-
vice). Otherwise, if the user is busy and the messages are not urgent, the task
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is carried out in an invisible manner without explicitly notifying to the user,
only sending the messages in background to the user mobile device.

Once the context conditions of the obtrusiveness levels selected are defined,
we map the obtrusiveness levels to the appropriate media object that support
the underlying system. This is illustrated in the following subsection.

2.3 Mapping Obtrusiveness to Media Objects

Once identified the service’s tasks and their obtrusiveness levels, designers in-
dicate the media objects that are required for supporting a task in the different
obtrusiveness levels in which the task can be performed. We consider a media
object as a physical object that stimulates any human sense by using ambient
media (e.g., mobile vibration, TV display, lights, etc.) [16]. Each media object
is controlled by means of a driver that provides the atomic operations that
describe the media object functionality. Designers can model these drivers in
a technology-independent way by using the method proposed in [25], which al-
lows automatically generating Java/OSGi drivers from a design model. In this
model, the available drivers, their operations and its parameters are defined
at a high level of abstraction.

Our approach interacts with the media objects by means of these drivers.
In this way, different tasks could use the same media object with a different
purpose only by passing it different parameters or using a different opera-
tion. For example, the ambient sound media object could be used either by
the ”wake-up call” task (starting the radio) or by the ”communicate hotel
messages” task (reproducing the new messages).

Status
Bar
No�f.

Speech

re
ac
�v
e

pr
oa
c�
ve

awareslightlyinvisible

in
i�
a�

ve

a�en�on

Media
Object

New messages  

! 

New
message!

Mobile 
Notification

TV Display

Ambient 
Sound

Mobile 
Vibration

Mobile 
Display

Mobile Sound

Blinds

Lights

Heating

Movement
Detector

Mobile 
Display

Mobile 
Speech

Bla, bla..

Temperature
Sensor

CommunicateMessages(proactive,slightly)

CommunicateMessages(proactive,aware)

SwitchLightOn(reactive,aware)SwitchLightOn(reactive,slightly)

Gradual
Lights

Fig. 6 Implication of the media objects with the attentional demand

Figure 6 shows the part of the media objects that supports some tasks
from the ”entering the room” service explained in Section 2.2. Media objects
are represented by a square. For example, the ambient sound of the room is
used for the “communicate hotel messages” task when the task is performed
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proactively at the highest level of attention. This mapping between the ambi-
ent sound and the obtrusiveness level for the “communicate hotel messages”
task is expressed as CommunicateMessages(proactive,aware) where the first
coordinate refers to the initiative and the second one to the attention axis
(see Figure 6). However, the mobile notification and the mobile vibration are
used for the same task when it is performed at the slightly level of attention.
Another example is the “switch light on” task. The gradual lights that regu-
late light’s intensity are used for this task when it is performed at the slightly
level of attention. Conversely, the regular lights are used when the task is per-
formed at the highest level of attention (i.e., completely-awareness). Figure 6
illustrates all these mappings for the tasks.

In order to specify which media objects support a certain task for a given
obtrusiveness level, the Superimposition operator (�) is defined. The Super-
imposition operator takes a task and an obtrusiveness level and returns the set
of media objects, their operations and their parameters required for the task
(from one to many). Some examples of the relationship between the obtrusive-
ness level for the communicate hotel messages task and its mapping with the
media objects (see Fig. 6) are as follows:

�CommunicateMessages(proactive, slightly) =
{mobile notification.notify message(message),mobile vibration.soft vibration}

�CommunicateMessages(proactive, aware) =
{ambient sound.reproduce message(message)}

Designers must define which system media objects are associated with each
obtrusiveness level for each executable task. In order to avoid complexity, this
mapping can be defined in an intensional manner (not all the obtrusiveness
combinations must be explicitly defined by the designers).

3 Executing Unobtrusive Personalized Services at Runtime

The models proposed in the previous section allow unobtrusive personalized
services to be described regardless the particular technology used for the im-
plementation. To achieve the execution of such services, these models are pre-
pared to be interpreted at runtime. Thus, all the effort invested at design time
is reused at runtime providing new opportunities for adaptation capabilities
without increasing development costs.

With this purpose, we have designed and developed a software infrastruc-
ture1 that interprets the models at runtime to automate the personalized am-
bient services adjusting their obtrusiveness level as needed. Note that, in this
way, the services are only represented in the models, therefore, the models are
the primary means to understand, interact with, and modify the services.

Figure 7 shows an overall view of the components involved in this infras-
tructure. These components are: the runtime models, which provide all the

1 A video of the software infrastructure in execution is provided in
http://www.pros.upv.es/routines
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needed knowledge for carrying out the unobtrusive personalized services; an
Automation Engine, which is in charge of managing the context changes and
executing the services in an unobtrusive way by interpreting the models at
runtime; and the Managed System, which provides the media object drivers
for performing the services’ tasks in a considerate manner.

This software infrastructure is designed to provide a loosely-coupled and
model-based solution by decoupling technology-independent models, unobtru-
sive automation process, and ambient media objects. In this way, we can define
how the different tasks involved in a service are adapted to user’s context in
terms of obtrusiveness (by means of an automation engine) using the appropri-
ate media objects (managed system) by means of executable models (runtime
models). The software infrastructure applies the following process for execut-
ing a designed unobtrusive personalized service:

New
Message

Automa�on
Engine

Services Obtrusiveness	&
media	objects

Retrieve	service
tasks	and	
obtrusiveness

Check	situa�onal
contexts

Sensing
context	
changes Execute1.

4.

4.

Status
Bar

No�f.
Speech

Ambient
Sound

Multimedia
service

Lamp Blind
Actuator

Movement
Detector

User
Location

Lighting

Door
Control

Window
Control Drivers

Media Objects

BlindControl

Window
Actuator

Door

New messages  

! New
message!

Mobile
Control TVControl

TV
Coffee Machine

Coffee
Machine

2.

3.
Retrieve	
personalized	
services

Fig. 7 Runtime infrastructure

1. Sensing context : The media objects deployed in the smart environment
sense context changes. These media objects are also capable of identify
each user. For instance, when Bob is approaching to his room, his location
and identification are sensed by RFID and presence detector objects.

2. Retrieving personalized services: Once a context change is detected, the
services defined for the identified user according to her/his persona are
retrieved. For instance, since Bob location has changed, the services de-
scribed for his persona (the business traveller), such as the Entering the
room service described in Section 2.2, are retrieved.
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3. Checking situational contexts: The situational context of the retrieved ser-
vices (e.g., UserLocation=RoomDoor) are checked to see if any of them is
satisfied and the corresponding service has to be executed.

4. Executing personalized services: If the situational context of a service is
satisfied, the service is carried out in a considerate manner. For instance,
when Bob location is in front of his room door, the situational context of
the Entering the room service is satisfied and the service is carried out. To
achieve this, the following steps are executed:

– Retrieving executable tasks and obtrusiveness: The different executable
tasks of the service are progressively retrieved according to their re-
finements, the temporal relationships specified among its tasks and the
up-to-date context information. After retrieving an executable task, if
the precondition is satisfied (considering it is true if the task has not
a precondition), the obtrusiveness space described for the task is re-
trieved.

– Adjusting the obtrusiveness level: The context conditions specified in
the obtrusiveness space are checked to determine in which obtrusive-
ness level the task must be executed. For instance, for the communicate
hotel messages task, when the user is not busy and is alone, the task
must be carried out in the proactive-aware obtrusiveness level (see Fig-
ure 5). Specifically, the reproduce message operation with a message as
a parameter is used for this media object.

– Using the appropriate media objects: The media objects that must be
used to perform the task for that obtrusiveness level are searched for.
Given a task and an obtrusiveness level, the mapping defined between
media objects and obtrusiveness levels returns the media objects to be
used, their operations and their corresponding parameters. For instance,
for the communicate hotel messages task the ambient sound is used in
the proactive-aware obtrusiveness level (see Fig. 6).

Figure 8 shows how the entering the room tasks are planned and executed in
a hot sunny day, when the user is alone, and he is not busy. Red tasks represent
tasks not executed due to their context conditions are not satisfied. The green
ones represent tasks that are executed by using the appropriate media objects
according to the user attentional demands and context. Specifically, the open
the door task is executed in a completely aware manner using an electronic
lock and making a beep sound when it is opened, the room is illuminated by
raising the blinds because the outside brightness is high, the temperature is
adjusted by switching on the air conditioner (the close windows task is not
executed due to windows was already closed), and finally the hotel messages
are communicated to the user in a notorious manner (completely-aware level
of attention) using the ambient sound due to the user is alone and he is not
engaged in an important task.
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Fig. 8 Considerate execution of the entering the room service

3.1 Implementation Details

Our infrastructure is implemented in Java/OSGi2 technology and must be run
in an OSGi server together with the media object drivers. Using OSGi, the
engine can listen the changes produced in the media objects to detect context
changes. Also, the engine can search for the media object drivers associated
to the task in the OSGi server by using its service registry and the Java
Reflection capabilities. Context is represented by means of OWL ontologies3,
while services and obtrusiveness spaces are represented in the XML Metadata
Interchange standard (XMI)4. To query the models involved in our approach at
runtime, the engine uses the Eclipse Modelling Framework5 (EMF) that allows
a system to work with any XMI model by querying its structure dynamically
at runtime. More detail about these operations can be found in [5].

For the media objects provided by a mobile device, we have developed
a web service based on Android6 and the Restlet Framework7. This service
listens to the mobile client requests and reply to them.

2 http://www.osgi.org/
3 http://www.w3.org/TR/owl-features/
4 http://www.omg.org/spec/XMI/
5 www.eclipse.org/modeling
6 http://www.android.com/
7 http://www.restlet.org/
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4 Validation of the Proposal

In order to validate our proposal, we have applied a case study based evaluation
by following the research methodology practices provided by Runeson and
Host [23]. These practices describe how to conduct and report case studies
and recommend to design and plan the case studies before performing them.

By using these practices, we have designed and developed a smart hotel
whose overall purpose is to make guests stay comfortable and save energy con-
sumption. The case study illustrates how personalized services are executed
by interacting with users when needed adjusting the obtrusiveness level. The
approach takes into account user’s needs and the needed context information
such as user preferences, location, message urgency, etc. All these factors have
an effect in the execution of the personalized services’ tasks and the obtrusive-
ness level to properly interact with users. Next, we present the design of the
case study and the evaluation results.

4.1 Design of the Case Study

The case study gives support to several scenarios of a guest in a smart hotel.
In these scenarios, several personalized services take place adapting their ob-
trusiveness according to context by using different media objects. The running
example used along the paper forms part of them. As an example, one of the
scenarios is described as follows: Alice has booked a room in the Royal Station
Hotel of NewCastle in England where she is attending Pervasive 2012. When
she first enters in the hotel at 12:30 p.m., the hotel detects her mobile phone
to integrate its functionality with the hotel services. In that moment, Alice
receives in her mobile phone a message informing her that her room is the
302 room and showing her the hotel map with indications to arrive to that
room. The room is fitted out according to the preferences that Alice indicated
when she registered online from the internet. When Alice is approaching to
the 302 room, the door detects her presence and is automatically opened. As
soon as she enters inside, the curtains are opened and the heating, which was
at the save-energy mode, increments the temperature to 21 ◦C. The ambient
sound of the room welcomes her and, since it is lunch time and she indicated
that she wanted to have lunch in the hotel, she is asked whether she prefers
the room service takes her the menu or to go down to the restaurant. She is
tired because of the trip, so she chooses the first option, receiving the message
that her meal will be ready in 10 minutes. After having lunch watching the
TV, Alice lays down for resting a little; therefore, the curtains are closed and
the volume of the TV is turned down. One hour later, she wakes up and the
curtains are slowly opened again. Then, she gets ready and leaves the room
for sightseeing the city. Once the door is closed, the TV is switched off and
the heating is changed to save-energy mode.

In the case study, the personalized service tasks are presented at different
obtrusiveness levels according to the user context. In this way, users could
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evaluate the execution of the personalized services and its obtrusiveness. For
example, in this scenario, the messages provided to Alice are offered proactively
in a completely aware manner when Alice is not busy and she is alone. However,
the same task is performed in other scenario in which Alice enters the room
with someone. In this scenario, these messages were communicated to Alice
more privately, by sending her a mobile sms with sound notification if it is an
important message (proactively and slightly aware), or without notification if
it is not (proactively and invisible).

With this case study we want to validate that our design strategy allows
unobtrusive and personalized services to be described. In particular, we wanted
to evaluate whether the personalized services were automated adequately and
whether guests were satisfied with the result of the ambient media environ-
ment. To achieve this, we first developed a prototype version for the described
services by following the design steps. We then conducted an experiment8

in which users performed several scenarios such as the one described above,
adopting the Alice’s role. In the experiment, we simulated the different activ-
ities of the scenarios. The experimental setup included a scale environment
with KNX devices9 to represent the media objects of the Smart Hotel, a PC
running Equinox and a HTC Magic mobile device running Android Operating
System. A total of 15 subjects between 23 and 54 years old participated in the
experiment (7 female and 8 male). Most of them had a strong background in
computer science.

To collect and analyse the results of the two evaluated dimensions (user
satisfaction and personalized services automation), we used an adapted IBM
Post-Study Usability questionnaire [15]. Although it is focused on measuring
user satisfaction with system usability, we also included other questions re-
garding the execution of the personalized services and its obtrusiveness level.
We applied a Likert scale (from 1 to 5 points) to evaluate the items of the
questionnaire.

4.2 Evaluation Results

In this section, we present the evaluation results of the case study. Overall, the
experiment showed that by following our method, user personalized services
can be executed adjusting its obtrusiveness level according to context.

Figure 9 shows a summarized table of the obtained results. Regarding user
satisfaction, most users (85%) were generally satisfied with the system and
how to use it. Most of them also answered that the system helped them to
complete the tasks and, therefore, they could perform the tasks of the scenarios
effectively and quickly. Although most users (83%) thought that it was easy
to learn to use the system, they complained that they did not know how to
recover the mistakes because it was not clear. Some of them also said that they
would be more comfortable with the system if it allows them to change the way

8 Screenshots in http://www.pros.upv.es/routines
9 http://www.knx.org
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Personalized Services' Automation
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Mistakesxarexrecoveredxeasily

Informationxprovidedxappropriately

Systemxhelpsxtoxcompletextasks
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Context-basedxadaptationxwasxuseful

Automationxvs.xconfirmation
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Stronglyxagree
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66.6%

80%
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63.3%20%

83.3%

63.3%22%

53.3%

20%
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47%31%
30.5%35.4%

22%

Fig. 9 Summarized results of the evaluation

some service tasks were performed. In the results, the information provided by
the ambient services was considered appropriate by the 93% of the subjects.
Regarding the functions and capabilities provided by the system, some users
said that they expected the system let them to personalize the services and
also that it should learn about the service tasks they do not like (e.g., two
users said that they preferred the TV volume was not turned down because
they liked sleeping watching the news).

Regarding the personalized services’ automation, 86% of subjects strongly
agreed or agreed in that automated actions were performed in appropriate sit-
uations interacting with them only when needed. They said that this helped
them to perform the personalized service tasks described in the scenario. In
addition, most users agreed that the level of automation was adequate and
the system generally asked them for confirmation when it was essential. How-
ever, some users complained because they would like to personalize the media
objects used for some tasks (22%); for instance, some of them said that they
would prefer having received the messages in a subtle manner (e.g., through
the television or their mobile phone) because the ambient sound frightened
them a little since they did not expect to receive messages when they en-
tered to the room. In spite of this, most users considered the context-based
adaptation was useful and the obtrusiveness adaptation for personalized ser-
vice tasks was adequate. Furthermore, users considered the system good for
long-term objectives because it could help them to save natural resources. In
addition, most of them commented that they would like to have this system
for automating their home ambient services.

The performed evaluation was useful because allowed us to detect some
drawbacks that will be improved in future work such as personalization and
self-learning. However, although the initial results of the experiment are quite
good, additional experimentation would be required to analyse the user ac-
ceptance of the system in real environments where the context sensing is not
perfect and users compete with other distractions.



16 Estefańıa Serral et al.

5 Related Work

This work supports the design and automation of unobtrusive personalized ser-
vices that interact with users by using the appropriate ambient media objects
at each situation.

Several approaches have proposed the use of models at runtime for software
adaptation [4]. Bencomo et al. [1] propose the use of architectural models to
support the generation and execution of adaptive systems. The authors rep-
resent the adaptation policies under the form of a state-transition system in
which the states correspond to the system configurations and the transitions
correspond to the adaptations between these configurations. Morin et al. [18]
propose a combination between model-driven and aspect-oriented techniques
to support dynamic runtime reconfiguration. They dynamically compose as-
pects to produce a set of configuration models and then use these models to
generate the scripts needed to adapt a running system from one runtime config-
uration to another. Blumendorf et al. [2] focus on the development of adaptive
user interfaces and their adaptation at runtime combining multiple models.
These models are self-contained to ensure executability. This approach allows
developers to monitor, maintain, manipulate and extend interactive applica-
tions at runtime and thus manage the continuously changing requirements of
user interface development. However, none of these approaches have focused
on supporting personalized services taking their obtrusiveness level as a pri-
mary concern and, therefore, none of them take into account the intrusiveness
of the system behaviour. We address a different issue that is more related to
human limitations (e.g., user attention) than device technical limitations (e.g.,
screen size).

Towards creating systems that adapt their level of intrusiveness to the
context of use, works are mainly focused on minimizing unnecessary interrup-
tions to the user [22]. Moreover, the amount of studies concentrating on the
design of unobtrusive interactions is still limited. Approaches in the area of
Considerate Computing [8] are mainly focused on inferring attention in order
to predict acceptability. Horvitz et al. [12] demonstrated the potential use of
Bayesian networks for computing the cost and value of interruptions. Hinckley
and Horvitz [10] modelled interruptibility by considering the user’s likelihood
of response and the previous and current activity. Ho and Intille [11] suggested
that proactive messages delivered when the user is transitioning between two
activities may be received more positively. Vastenburg et al. [29] conducted
a user study of acceptability of notifications to find out what factors influ-
ence the acceptability of them. Although these initiatives recognize the need
to adapt the interaction, efforts have been put on minimizing unnecessary
interruptions, overlooking automation and adaptation aspects that we have
taken into account. Moreover, we propose to represent behaviour aspects in
the interaction design level in order to define how the different interactions are
adapted when a particular situation is produced.

In addition, research on smart objects and the Internet of Things [7] has
been growing on the focus of technology- and business-focused research on
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RFID, smart objects, and smart products [28]. Work on smart objects has fo-
cused on technical aspects (hardware platforms, software infrastructure, etc.)
and application scenarios [26]. Mattern [17] defined smart objects as every-
day artifacts capable of communicating with people and other smart objects,
and also capable of discovering where they are and which other objects are
in the vicinity. Norbert et al. [27] distinguished between two types of smart
objects: system-oriented that importunate smartness and people-oriented that
empower smartness. Recently, Kortuem et al. [14] have explored the smart-
object design space for identifying canonical smart-object types. Also, human-
interface aspects of smart-object technology are just beginning to receive atten-
tion [19]. Conversely, in this work, we provide smart objects with consideration
capabilities in order to achieve a seamless interaction with the environment. In
addition, since models are technology-independent, the media objects that a
task must use for interacting with the user can be easily changed by updating
the models accordingly.

6 Conclusions and Further Work

In this work, we have presented and evaluated a strategy for describing and au-
tomating unobtrusive personalized services in an ambient media environment.
The provided models describe how services must interact with each persona
in an unobtrusive way. Using these abstract models, the system is designed
by using concepts that are much less bound to the underlying implementation
technology and are much closer to the problem domain [21]. This makes the
models easier to specify, understand, and maintain than code.

Our approach also provides a software infrastructure that interprets these
models at runtime to execute the needed services in such a way that they de-
mand the adequate user attention in each situation. Thus, the models become
into the primary means to understand, interact with, and modify the person-
alized services and their obtrusiveness level. This considerably facilitates the
evolution of the system at runtime: as soon as the models are changed, the
evolutions are applied by the software infrastructure [5]. In addition, by handle
obtrusiveness as a separate concern, a given ambient service can be presented
to the user in a complete different manner just by changing the obtrusive-
ness specification, without altering the service description. Moreover, since
the models that form the basis for adaptations are available at design time,
they can be extensively exploited for validation and verification. Also, runtime
probabilistic model checking [6] can be applied to verify system requirements
at runtime.

However, as the evaluation results shown, the proposed method has also
some drawbacks that should be improved in further work. The main one is
that, although the execution of the services takes into account the preferences
indicated by guests, they should be able to personalize both the ambient ser-
vices and their obtrusiveness level. For this reason, we plan to develop an
end-user tool that facilitates to perform this personalization. Using this tool,
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guests not only will be able to configure what is already designed, but also they
could add some personal automations that could not be taken into account
before. Also, with this tool, users could change the media objects to be used
for each task. It is worth noting that, since our approach allows evolution to be
performed by only changing the models, this tool will not have to change any
line of code to apply users personalization. Further work will be also dedicated
to provide the software infrastructure with self-learning capability for detect-
ing if users execute tasks for compensating any automated task. To achieve
this, the media objects should provide information about their operations that
perform contradictory tasks.
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