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Abstract— User tasks modeling has been the focus ofany
research works either for designing user interfacesuitable to
given use cases or for identifying the current tasbkf the user in
order to assist him/her. The problem of user tasksnodeling
has been widely addressed within the mtext of GUIs
(Graphical User Interfaces). In this paper we preset an
overview of several existing task models and we disss the
specificities of user tasks modeling in the contexdf Ambient
Intelligent Environments which are mainly: place-related
tasks, device-related tasks and the possible errorsccurring
while performing a task. Then w e discuss the limitéons of the
classical user tasks models and depict the requiremts of a
task model specific to an interaction with an ambiset
environment.

Keywords-User  Task modeing; Ambient
environments; User-centered systems.

intelligent

l. INTRODUCTION

Ambient Intelligent (Aml) environments strive topgort
everyday life of the user through their embeddéeuelligent
objects [1]. The goal of such environments is tisBauser
needs based on his/her preferences. Users arectiter of
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applications. Section VIl gives conclusions andediions
for future work.

Il.  BASIC CONCEPTS

A. Task

According to the Shorter Oxford Dictionary, a taisk
“any piece of work that has to be done”. Taskslzarseen as
actions that have to be performed to reach a goalspecific
application domain. They can be either logical suh
retrieving information about a contact or physisaich as
dialing a phone number [2]. These actions are dgdrto be
performed by the user, but they dot nmcessarily
correspond to the user behavior while manipulatthg
application.

B. Goal

A goal is an intention either to modify the stafean
artifact or to maintain it [3]. For examplaccessing a
contact database to look up a phone number ofl@agule is
a goal which does not require the modificationh&f state of
the application, whereas accessing a contact daabaadd
a new contact requires the modification of theestadt the

such systems and are becoming more and more aw@esto g pjication.

to technology and require more complex
possibilities. A user interacts with the systemotigh tasks
which are actions the user is going to perform iidep to

achieve a certain goal. Research in the field sistsce and
supervision of tasks in ambient environments aile agt an

early stage.

In this context our work focuses on the proper cabcf
user tasks through an adapted modeling approach.
purpose of user task modeling is to paint a prisdigbicture
of user’s activity. This picture must be detailagoegh to
create usable systems. Section |l details thasic
concepts related to task modeling. Section Il amd a
discussion of existing task models and their litiotzs.
Section IV presents the specificities of ambiesk$aand is
followed by a discussion on how existing models @in
cannot deal with these specificities through a aden
example (Section V). Our main contribution liesSections
VI and VIl that respectively introduce a new taxonofor
tasks categorization in ambient environments, atehtify
requirements for task models adapted ambient

interactiof asks and goals are closely connected. Each taskbea

associated with one goal that is the goal achielbgd
performing the task while one goal can be achiebgd
performing one or multiple tasks. In soroases it is
possible to choose among different tasks to actaewertain
goal [2].

C. Activity

Th A user activity is a set of actions that the usereally

going to perform when interacting with thgstem to
achieve a goal. The activity corresponds to the bsbavior
when interacting with the system depending on thretext
of use. It is unpredictable and obtained by observine
behavior of the user.

D. Task Model

When designing an interactive system, several gzhas
are conducted. First of all the task analysis ptd$ takes
place to identify the fundamental elements of a gold to
examine required knowledge and skills [5]. Whers tblase
is finished, relevant tasks are identifiedd athe task
modeling phase starts. The purpose of task modding



build a model which precisely describes the retesiips
among the various tasks already identified. A tasddel
describes the predictive activities to be perforimedrder to
reach user goals.

The basic principle of task modeling is to deconepos
each task until reaching basic tasks which canedulther
decomposed. In some cases basic tasks requireirgle s
physical action to be performed. The level of degosition
in task modeling depends on its purpose.k Tamdels
should be rich in information and flexible so as#apture all
the main activities that should be performed tochethe
desired goals and the different ways to accomfiism [6].

Task models can be useful for two main classes of
people [2]:

-Designers: task models provide a structured ambrao
evaluate an existing system or as a starting poirdesign
new applications from scratch before implementhngn.

-End users: the developer takes into account tha’sus

activities since the physical actions supportedthoy user

UAN: It is a textual notation where the interface i
represented as a quasi-hierarchical structure yofchsonous
tasks, the sequencing within each task being inmkgre of
the others. Each basic task is associatdtl wne table.
These tables have three columns indicating the actBons,
the system feedback and the internal statelifioations
using some specific symbols [12]. A rich set of rapers to
describe temporal relationships among tasks idadblai But
this method leads to a large specification. Andsitnot
possible to model actions out of the interactiorthwine
interface

TKS: This method is based on a Task Knowledge

Structure, which is a conceptual representation thoé

knowledge a person has stored in her memory about a

particular task [6]. It has a tree like form. THK&uses on:
Roles, Goal structure and Taxonomic structure. dJghis
formalism it is not possible to model various rieias
between tasks as there is no special notation €fpetitive,
optional, parallel actions. Another limitation dfis method

interface can be mapped onto logical actions ane ths that is not possible to model system actions.

representations provided could support the postakies.

IIl.  EXISTING TASK MODELS AND THEIR LIMITATIONS

DIANE+: DIANE+ formalism [13] is a tree-like model
using three types of actions: interactivetomatic and
manual [6]. Diane+ can represent all the constsagitthe

A number of approaches to task modeling have bedove specifications such as ordered sequencesdenad

developed. In the following paragraphs, we presershort
overview of the main ones.

HTA: Its main idea is to represent complex taskeugh
a hierarchical representation (tree-like structurd) This
process starts with the identification of goals [&lowing
that each goal has a status (i.e., latentadtive) and
conditions to be satisfied. Then the degwosition is
repeated recursively until obtaining observable tesks
allocated either to the user or to the user interf®]. Using
this formalism we don’t see clearly if we model ystem
action or a user one. This model doesn't offer & db
operators. For example there is no specific synibahodel
parallel actions; one can only choose to use ndered
sequences.

GTA: It describes the tasks by focusing on fourticén
concepts: agents, roles, work [7] and situation].[E@ents
often represent people, either individuals or mougs; in
some cases there can be non-human actors, or sysit@m
comprise collaboration between human agents anthinex
GTA doesn'’t enable one to see if the task is attatdo the
system, the user or both (case of an interactigk) taince
there is no single representation for each typend#bles one

sequences, loops, required choices, free choieeallgdism,
default operations, and so on [7]. It doesn’t ideuany
possibility to put additional information about thiask
concerning, for instance, location, required desjietc.
TOOD: It consists of an object-oriented methfor

modeling tasks in the domain of processes contram
complex interactive systems [7]. It is based dmenarchical
decomposition into tasks modeled using PHits. This
method consists of four steps: hierarchical deceitipn of
tasks, identification of descriptor objects and ldiaobjects,
definition of elementary and control tasks andgragion of
concurrency [14]. This description covers task dneiny and
temporal ordering. Sometimes we have a successiosen
actions and we can’'t model it using this formalisvhich
obliges each action to be between two system transi

IV. SPECIFICITIESOF TASKS IN AMBIENT INTELLIGENT
ENVIRONMENTS
A. Ambient Intelligence

The term Ambient Intelligence (Aml) was coined by
Philips in 1998 then used by the European Comnmisgio

2001 and has been adopted worldwide [16]. At the
beginning, Aml was a vision of the future in which
environments support the people inhabiting themhds
been introduced [15] as an intelligent, embeddedgitati
environment that is sensitive and responsive ttleeence
of people.

Aml has a wide range of application since apploreti
in various domains were realized. According to [16¢
main application areas are: Aml at home for domesdre
of the elderly [17] or assisted living; Aml at Slsop
shopping, recommender systems and business alswl
many applications in Museums, tourism, groups and
institutions.

to express only few operators in a specific way, ekample
hierarchical structure is represented from lefight.

CTT: The Concur Task Tree is a concurrent natatio
having a structured representation (a tree-likenfoThere is
a distinction between four groups of tasks withious
representations: User tasks, Application taskigraction
tasks and Abstract tasks (tasks that need to beedfit
provides a large number of temporal relationshipsvien
the tasks [11]. It's one of the richest task modrls it is a
static model (once established it doesn’t change, Qection
V). In addition, it does not focus on the physisphce where
the task will occur, nor on the devices since ihans a
single system.



Unlike a workstation whose actions have an impaty o
on itself and its immediate environment, an ambsystem
can incorporate features that enable it to act rbovadly on
the physical environment (actuators) or toquae
information from its environment (sensors). In &addi to
the sensors and actuators, the system alsorpiorates
devices enabling the interaction with the uset8][
Nowadays, sensors available in ambient esyst may

provide clues about the behavior of people (pasitio

orientation, displacement...). This kind of infotioa could
then be exploited to ensure the proper conductaekst
performed by the user and to offer assistance wkeded.

B. Characteristics of tasks in Aml Environment

Device-dependent tasks

Ambient systems include many small device the
surrounding space of the user. Fulfillment of aktasay
require resources from the environment in whictviit take
place. That's why we talk about device-relatedgask

If a task requires a specific device, wesmiind this
equipment. In an Aml environment, the devices cooéd
added or removed at each moment or could be used
another person. When the user needs a device,yttenrs
must invoke this particular device or an equivalené. This
requires devices’ categorization according to tbevises it
could offer to the user. For example, the screptofacould
be used as a projection screen for viewing a filthe TV is
out of order or being used by another person. $ceéeh
device we will have a list of possible related sk
Place-dependent tasks

Some tasks may need some resources which may be
mobile but located somewhere in the physical spabe.
execution of the related tasks will be possibhly in a
certain range of the physical space. That's caliate-
related tasks. For example: Kitchen-relateskdaare the
tasks possible in the kitchen such as: make taahwlishes,
and prepare dinner...

Tasks in Aml environments also share some chaistiter
with classical tasks, in particular:

Temporal relationships

Two (or more) tasks in an ambient environment cdugd
associated through kinds of relationships.alRdr tasks

should be executed at the same time. Sequentia teesed to
be executed in order: the beginning of a task spoeds to
the end of the previous one. In some cases we ¢t@ve the
choice to get into a state by executing a spet#sk or
another that is equivalent. In other cases we negdno
model a second task that suspends the executi@n fiot
task and that will be executed again after the rsdask
finishes.

Error-prone behavior

Since we model user actions in interactioith warious

intelligent embedded systems, it is possible thadrg occur
during the process (system errors or usenipukation
errors). These errors must not be neglected dutirey
modeling phase and alternative solutions shoulprbeded.

V. DISCUSSION OF EXISTING TASK MODELS THROUGH AN

EXAMPLE

A large number of task models have been developed,

especially in the context of GUIs. In this sectisome of
these models are discussed according to the chestics of
tasks in Aml environments through an example séenar

A. Ambient scenario 1 “Renewing passport”

Elie was browsing traveling web pages. The system

understands that she plans to go on a trip andnodsier
that her passport is no longer valid. The systeks aer if
she wants help to renew her passport. Once shiatesi this
option, the system starts giving her instructions.

The system connects to the “city hall” website {loé
town where she lives) to get the different documehtat
should be provided when renewing a passport.

The system instructs her that she needs a cettifica
birth. She asks for help since she forgetsplace. The
system mentions that it is in the shelf where shts pher
papers. Elie finds it and presents it to the sysseanner.
&e system scans the found certificate and notfesit is

pired (it was provided since more than three mg)naand
a new one must be extracted from the ‘“town hall'ereh
she was born. For this purpose, the system suggeéits to
send them an email. An email is autcraly written
including some information about her (first nanmastiname,
date and place of birth ...) asking for a new cexdife of
birth. Elie validates the email which is sent te thown
hall”.

Now, the system
A8Fmalized photo. Elie goes in front of the camiest she
is in front of a white wall; the photo web servicalicates
that the photo is not valid since the backgroundtrbe clear
but not white. The second trial is in front of adk wall and
the photo system rejected this picture too. Thedtione is
accepted by the system and then printed. Elie tdkes
pictures and puts them on a tray where she colkdttthe
needed items.

Then the system instructs her to buy a tax stawm the
web site of the general treasury. The syswmens the
website of the general treasury and Elie chooses th
appropriate stamp indicated on the web site of¢hy hall”
then proceeds to the payment. She types her ciedlit
number and prints the stamp received by email. ks it
to the tray containing all the other paperdie Ss not
sure that she bought the correct stamp so shes dtan
barcode using the mobile tablet and the systera el that
it is indeed the asked one.

At this stage, she needs to find her old passsirg
asked the system to help her to find it becausefeigot
where she put it. The system instructs her to lookhe
nightstand. She finds it, brings it and adds thi@tray.

Now that she has collected all the papers she maist
for the certificate of birth to have the file cldsand to go to
the “city hall” to deposit the renewing papers. ldver she
decides to already get an appointment to deposit th
documents.

indicates that she needs a new



The system dials the number of the “city hall” ider to
make an appointment. When Elie talks on the phbree,
calendar is displayed starting from the next weak the
certificate takes usually one week to be deliveréd
order to see her free times to insure her avaitalibr the
chosen date.

B. Task models representation

In Section 3 we have talked about seven task models
We have tried to model the proposed scenario usinge of
them to highlight their limits.

Figures 1 and 2 show the modeling of this scenasiog
the HTA task model. As it could be seen from thedeip
we couldn’t model system tasks so we feel thatgaplairt of

represent all task types on the same wagneNof the
referred task models has a special notation foricdew-
place-related tasks. This limitation is due to fhet that
these task models deal only with tasks invokingy amhe
system, so there was no need to model severalnsysbe
place-related systems. Some of the listed task lmqder
instance: GTA, CTT UAN...) have a large choice iofig
operators offering possibilities to express variotise
relationships between tasks. It's also importantdtice that
not all the task models have a graphical presemntatbr
example UAN doesn’'t have a graphical representation
just a textual description of the different tasks.

Table | summarizes the main characteristics oftiexjs
task models. The column "Types" indicates if thedeto
includes any differentiation between task categorie

the model is missing (TKS model exhibits the samepevices” and “Places” show if there is any podiipito

limitation). For example we don't see that the eyst
proposes help. At first we see directly the usdidating

help request. We couldn't model the patalbctions
“talking on the phone” and “seeing the calendar’e uld
not model the possible errors while taking photogaly

but we represent them as a repetitive task.

Figure 3 shows a part from the renewing of the parss
scenario model using the GTA task model. We cantisate
we could model system actions as well as user rectimit
we couldn’'t differentiate between the two typescsirwe
use the same representation. At the starting df sabtasks

we put the time relationship between them and wee ha

various options for that (for example we have “sdqgf
sequential tasks, “and” for parallel executed tasks..).

Using UAN, we cannot model actions out of the

interaction with the interface so we couldn't modbke
scenario since it includes many actions of an rautgon

with an ambient system not necessarily a GUI. Weldco

just model for example the purchase of the stamji &s
realized on line.
Figure 4 shows a part of the scenario modeled usiag

CTT task model. We can see that this model enatdes Tasks in

model user tasks, system tasks and interactiors tasth

different representations but we need differentiate
between different sub-systems since the user &aating

with different sub-systems in order to achieve Has/goal.

We also need sometimes to put constraints relatgaaces
for instance in our scenario the user must sitramtfof the

camera to be able to take the picture. This magth with

its different time operators but once establishteddesn’t

evolve according to the context (when modeling amibi
tasks, the task model must evolve in real timensuee that
it takes into account the modification in the eomiment).

There is no special notation for errors occurring.

C. Discussion

Only few of the existing task models include a clea

differentiation in the representation of the tadbetween
system tasks, user and interaction ones. For icstikom the

express device-related and place-related tasksméeTi
Operators” refers to the presence of time operdtexpress
temporal relationships between tasks. Thel finalumn
shows if there is any graphical representatiomefrhodel.

TABLE I. COMPARISON OF EXISTING TASK MODELS
CHARACTERISTICS
Time Graphical
Types | Devices| Places | Operators | Representation
HTA X
GTA
CTT X X X
UAN X
TKS X X
DIANE+ | X X X
TOOD X
VI. PROPOSAL OF A TAXONOMY OF TASKS IN AMBIENT
ENVIRONMENT
Aml environments have some specific

characteristics; let us try to depict them baseda ®econd
scenario.

A. Scenario 2

Elie goes to work at 8am, so she leaves home; ¢atehis
turned off since nobody is at home. She comes haitee
6pm so she planned a TV program recording at 5pnindo
favorite film. The system starts also another reicay of a
cooking TV program since it knows that she likeattkind
of program. When she leaves the office, the sygiata the
heater on, 30 minutes before she arrives (aftendainto
account the distance between the house and thee aifid
depending on the traffic) as the house takes ad@uminutes
at least for warming. When she comes back homegcalse
her friend John and at the same time turns the m\amd
asks for the second channel. Since the TV is intfad the
window, the system decides to close up the windtwes

ones cited in the third section only CTT and DIANE-+Pecause the sun shines outside, disturbing watdhihg

explicitly introduce several categories, wherdas bthers



TABLE Il

TASK CATEGORIES THROUGH EXAMPLES

automatic implicit interactive

explicit interactive

User

Put heater on when the user
comes back home

Recording TV programs

Programmed [Programmed by the user

Record TV program immediatel
after the user asks for that.

W he user asks the system to
remind him/her or themto do a
certain task at a specific time.

Put heater on when the user
rcomes back home because th
user asked for that many tim
the system learned this.

Regular TV programs
recording learned from use
habits

Learned

Modification of the
intended/planned action after
iisteractions with the user. The

The system notices that each time
the user puts the conditioner on, h
closes the windows. This task mue

system learns how to respond tadded to the task model to

a new order.

enable reminding the user to do it.

Put on the heater when the us
leaves the office (deduced in
fonction of the traffic and the

Recordinga given TV
programsince it is similar tg
what the user is used to
watch.

Deduced

er
\When the user turns on the TV,
the system closes theéndowsas

distance between home and thédisturbes TV viewing.

The system has meta-rules sayi
that if the windows are opened f{
conditioner must be closed. If the
user opens the windows and coulc
not turn off the conditioner as the
remote controller is disabled,the

0]

ing
he

office).

system asks the user to put off the
conditioner manually.

B. New tasks categorization

Starting from the Scenario 2 and trying to imagotker
possible situations, we propose a new categjmiz of
tasks in ambient environments. Tasks are categbmizth
respect to 2 axes:

The way the task is launchedTasks can be automatic,
explicit interactive, implicit interactive, or donwy the
user.

1/Automatic tasksthe system does the task by itself
without user intervention at this moment.

2/Interactive explicit: the user action or situation is
understood by the system as an entry conditiorrdero
to a certain task.

3lInteractive implicit: the user directly instructs the
system to do a certain task.

4/User:the task is done by the user.

For categories 2 and 3, there is an interactiomesxt
the system and the user which leads to the realizat
the task.

The way the task

is acquired Tasks can be

programmed, learned or deduced, expressing the wa

the system gets knowledge of the task.
1/Programmed:the user or the designer instructs the
system to do a certain task.
2/Learned: the repetitive invocations done by the user
could be learned by the system and then anticipted
realized without user invocation. Here the systearrs
user habits or repetitive tasks and starts doirggnth
without being ordered explicitly to do that.
3/Deduced: The intelligence of the system includes
some rules that allow some tasks to be initiatedhiey
system to satisfy potential needs of the user, hase
his/her profile.
We propose to categorize a task through the irdéose
of these two dimensions, depending on the way tainer
task is launched and acquired. Table 2 explaink &g
through an example from the Scenario 2 or a variadf it.

%attery is discharged,

VIl. REQUIREMENT OF TASK MODELING IN AMBIENT

INTELLIGENT ENVIRONMENT

From the previous scenarios, we canraekt the
following requirements for an ambient task model.
Place-related and device-related tasks
Concerning the constraints of place-related aevice-
related tasks, the task model should include thssipitity of
labeling tasks with spatial constraints and deviceslved
to achieve the task. However it is impractical éfer to a
specific device in an Aml environment because inlAm
environments devices and services may appear sagphar
dynamically. So instead we should refer to a familytype
of device.

The usage of an ontology for devices clesgibn is
necessary. One solution is to deal with servicegwhould
be realized by using different facilities from therrounding
environment and so the devices will be part of segary
offering certain services. Once a task nepdin given
missing device starts, the system may propose atizeeit
with one of the available equivalent ones. For eanif the
ser wants to call someone and at this moment tioagis
the system could démt an
equivalent solution which is to call on Skype usthg user
laptop, So these two solutions could be consideasd
equivalent since they enable the same goal indeifmitely
different ways to be achieved. Such devices claatidn
was realized in previous research works;, we caa fit
example DogOnt, an ontology modeling for ambient
intelligent environments [19].
Granularity or task decomposition
The granularity of task decomposition must be cho&ince
the basic principle of task models is to decomposemplex
task into smaller subtasks until reaching a bassk which
could not be further decomposed, the level of deumsition
at which we stop decomposing a task in an ambient
environment must be determined. We propose to step
decomposition at the level where services are iegok



User profile

Ambient intelligent environments may be proactiystems.
They evolve according to the user profile order to
anticipate his/her expectations. So the model imisgjrate a
part in which user habits and preferences are raontisly
stored.

Dynamic model

The proposed task model should be an evolving mdel
order to respond to the continuous changes ofdahtegt and
to enable the representation of the learned arsdréd tasks.
In contrast to static classical task models, a tasidel
adapted to Aml environments is dynamically changiitp
the new learned knowledge. It evolves onlce system
learns more about the user profile or new taskss Task
model should be able to model the reactive patheftasks
as well as the proactive one.

Error-prone behavior

Errors may occur during the interaction with thetegn so
the model should have a special notation for eilystem or
user errors and should be able to propose anolieenative
to overcome errors, for example by a system aatiorby
proposing another alternative to the user. In antbie
environments, error detection can go further siweehave
sensors enabling to detect any equipment's failtwe
overcome.

Task categorization

An ambient task model should refer to the new pseddask
categorization by offering a means to label taskoaling to
their categories. The usage of this taxonomy wéllhelpful
in many cases. For example when we have concuasks
to be performed using the same device we wish itwifize
them. Namely deduced tasks would have the leastitgri
since they are only based on the system deductieereas
programmed ones should have greater priority.

Some of the existing task models offer facilitibatt should
be offered by an ambient task model as well. Fstaimce a
model having a graphical structure is easy to usddih
developers and end users because it highlightsntaim
information and keeps out of sight complex inforimat A
hierarchical structure could also be helpful tol#aa clear
identification of task steps and to reduce the derity of
the tasks that should be performed in order tohreacertain
goal.

The model should also include a rich set tefmporal
operators to express any possible temporal reldigiween
tasks.

VIII. CONCLUSION

Task modeling is an interdisciplinary research avbach
requires knowledge in computer and cognitive s@snand
Human Computer Interaction (HCI). In cognitive s@es
there is a big focus on how to characterize anchtifye
relevant tasks. In computer science the focus ishnmaore
on finding notations suitable to represent taskd #reir
relationships more precisely. The last area inwblise HCI
since we try to study and to model a human in #@ui#on
with a system.

In this paper, we have made an overview of thetiagis
task models and we have studied their limitatiohgmwused
to model ambient scenarios.

Ambient tasks share some characteristics with iclss
tasks but they also have proper specificities. Waeh
detailed the characteristics of tasks in Aamlvironment.
Since the tasks may invoke specific devigesspecific
places, this has led us to specify device-related place
related-tasks.

We have proposed a new taxonomy of tasks adapted to

ambient environments, based on two axes: the vskg tare
launched and the way they are acquired. We havengiv
precise examples for each possible cayegof this
taxonomy.

From the previously detailed characteristio® have
deduced a set of requirements for a task modeddstat tasks
in an ambient environment. In summary such a moaest:
be an evolving model that takes into account

changes that may occur in the surrounding
environment,

e have services as the Ilowest level of task
decomposition,

give special labels to each task to specify if the
realization needs special devices or must takeeplac
in a special area,

propose a type for each category of tasks (from the
proposed taxonomy),

explicitly represent possible errors and solutions,
offer a large set of temporal operators.

At this stage relevant characteristics of tasksrinmbient
environments are highlighted, new task categoomatvas
defined and the requirements of a task model adaptéml
environment are clearly identified. As a future kyowe plan
to develop this novel ambient task model that ailable an
intelligent assistance to users in their daily\dibtis. We also
plan to have real scale experimentationsaim equipped
smart room at our Lab (LIMSI-CNRS) based on diffiere
scenarios.
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Figure 1.

Renewing passport task represented i A task model (partl).
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Figure 2. Renewing passport task represented héthiT A task model (part2).
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