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Abstract. Managing the various capabilities of computing environments to best
support users’ goals has proven a difficult problem in transportation systems
and hand-held devices. In the case of mobile users, the goal of safe and efficient
navigation is a persistent part of the users’ context and therefore in the online
decisions on what information and services to provide. We present a feasibility
test of general methods for measuring and predicting actors’ goal-directed per-
formance, and outline their use in effecting decisions with regard to initiating
and halting interactions with users, anticipation of users’ needs, and the evalua-
tion of Ambient Intelligence designs.

1 Introduction

A current challenge to the development of the envisioned seamless integration of
users’ computational and ecological (physical) environments is to manage all the
available capabilities of Ambient Intelligence (AmI) to meet the demanding physical
goals. In cars, aircrafts, and hand-held computing devices the need to manage the flux
of available information and the use of communications and infotainment during
operations has been most pressing [4],[5]. Several information management systems
have been recently developed, and some related products are expected to reach the
market in a few years [9],[17].

Underlying problems such as deciding when to initiate and halt interaction with the
user, anticipating users’ actions, and evaluating the ability of designs to support goal-
directed actions still persist however, and are the current subject of intense research
and development efforts [2].
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Further challenges arise in the need to achieve AmI for mobile users across tasks and
domains (e.g., home, workplace, a car). Current methods of information management
are therefore required to become increasingly general to handle a spectrum of goals
that may arise in users’ everyday lives, as well as be adaptable to each individual’s
changing needs1.

In the following we briefly outline some current approaches to information man-
agement and identify where the proposed methods can be of service in overcoming
the above challenges.

��� &XUUHQW�&KDOOHQJHV�LQ�$P,�,QIRUPDWLRQ�0DQDJHPHQW

,QLWLDWLRQ�DQG�&HVVDWLRQ�RI�$P,�$FWLYLWLHV� Many currently available approaches to
online information management effect a decision on questions such as whether to
pass an incoming phone call to the user while the user is walking in a busy street in
the following manner. First, the automated manager assembles all the available per-
formance data (e.g., speed of vehicles, the average reaction-time of the user, work-
load etc.). It then identifies the most relevant measures for the achievement of the
goal (e.g., reach the office quickly and safely). Finally, it decides on how to combine
those into an overall measure of performance by which the current “state” of goal
achievement is determined [e.g., 8]. Such a measure forms the basis for AmI deci-
sions on initiating, halting, and prioritizing interactions with the user.

Partial measures, however, such as task duration, number of mistakes, among
many others cover different aspects (dimensions) of performance and require a
method to reconcile time, cognitive load, force, and number as components of goal
achievement. Methods that can robustly quantify the connection between users’ dy-
namics and constraints of different goals are needed.

Evaluation of AmI Designs. Currently available approaches attempt to establish the
value of a given design through both subjective and cognitive measures (e.g., “ex-
pert” evaluation, users questionnaires), as well as by using partial performance meas-
ures. The proliferation of measures, however, opens door for a given design to be
shown as better than a competitor by some of the measures and worse by others.
Therefore, an overall measure of goal-relevant performance is additionally required
by designers of AmI.

Anticipation of Goal-Relevant Performance. Prediction of users’ performance on
partial performance measures can be of great value. For example, predicting the ef-
fect that a phone ring will have on a given walker’s deviation from a straight line can

1 Much research is currently dedicated to developing interfaces that allow users to explicitly
specify their goals to the AmI environment more easily [e.g., 15]. Other efforts are dedicated
to developing automated AmI systems that can infer users’ goals from their gestures and ex-
pressions [e.g., 5]. In this presentation we assume a goal has been specified and tackle the
problem of managing AmI capabilities to support users in its achievement.
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serve in the decision of whether to signal the user while the user is about to cross a
street. Goals, such as reaching the office as quickly as possible, however, require a
more general prediction. Predictions of whole dynamical paths are necessary, for
example, to reschedule an incoming call to a later time or situation that would be
optimal from the perspective of achieving the user’s goal.

In the following we outline the proposed methods and measures, demonstrate their
potential utility in solving the discussed problems in AmI implementation, and fi-
nally, we present empirical results from a recent experiment testing the feasibility of
the framework.

2 Methods of Intentional Dynamics

2.1 Rationale

Dü� ³ur� h¦¦¼¸hpu� Zr� ³hxr�� t¸hy²� h¼r� ³¼rh³rq� h²� h� ²r³� ¸s� p¸ü²³¼hvü³²� ¸ü� ³ur� ¸Ã³p¸·r
hüq�¸¼�¦¼¸pr²²�¸s�¦r¼s¸¼·vüt�³h²x²��A¸¼�r`h·¦yr��h�¦r¼²¸ü�vü�³ur�irq¼¸¸·�vü³rüqvüt
³¸� t¸� ³¸� ³ur� xv³purü� shpr²� ³ur� ³h²x� ¸s� Zhyxvüt� �v�r��� ³¼hü²¦¸¼³h³v¸üù�� Br³³vüt� ³¸� ³ur
xv³purü�h²�¹Ãvpxy'�h²�¦¸²²viyr��v�r���·vüv·hy�qÃ¼h³v¸üù�²r³²�h�p¸ü²³¼hvü³�¸ü�³ur�³h²x�¸s
Zhyxvüt� hüq� ³ur� ¸i²r¼½rq� q'üh·vp²� Zvyy� ¼rsyrp³� ³uh³� puhütr� ³¸� ²¸·r� qrt¼rr�� Ds� h
·r³u¸q�phü�ir�s¸Ãüq�i'�Zuvpu�³¸�¹Ãhü³vs'�³ur�vüsyÃrüpr��p¸Ã¦yvütù�t¸hy�p¸ü²³¼hvü³²
uh½r� ¸ü� ³ur� q'üh·vp²�� v³�Zvyy� ¸¦rü� ³u¼rr� ¦¸²²vivyv³vr²)� Av¼²³�� h ·rh²Ã¼r� ²rü²v³v½r� ³¸
r½r¼'� p¸ü²³¼hvü³�¸ü� ³ur�q'üh·vp²� ²u¸Ãyq�uh½r�¦¼¸¦r¼³vr²� i'�Zuvpu�qr³r¼·vür�Zurü
³ur�hp³¸¼�v²�·rr³vüt�³ur�t¸hy�vü�hyy�¼r²¦rp³²��Trp¸üq��i'�³ur�²h·r�h¼tÃ·rü³�³ur�·rh²�
Ã¼r�·vtu³�hy²¸�¸¦rü�³ur�Zh'�³¸�¼hüx�t¸hy�¦r¼s¸¼·hüpr�s¸¼�p¸·¦yr³r�¦¼¸pr²²r²��Uuv¼q�
²Ãpu� hü� rüp¸·¦h²²vüt� ¦r¼s¸¼·hüpr� ·rh²Ã¼r� ·h'� ¼r½rhy� ¦¼rqvp³hiyr� ¼rtÃyh¼v³vr²� vü
t¸hy�p¸ü²³¼hvürq�q'üh·vp²�Zur¼r�¦h¼³vhy�¸ür²�p¸Ãyq�ü¸³�

2.2 Methods2

U¸�·hxr� ³ur� phypÃyh³v¸ü²� r`¦yvpv³��Zr� ¦¼r²rü³� hü� r`¦r¼v·rü³�Zur¼r� s¸Ã¼� ½¸yÃü³rr¼²
p¸ü³¼¸yyrq�³ur�·¸³v¸ü�¸s�h�t¼h¦uvphyy'�qv²¦yh'rq�²¦ur¼r�Zv³u�h�s¸¼pr�srrqihpx�w¸'²³vpx
�v�r���h�s¸¼pr²³vpxù�b��d�

The goal of the task (conveyed verbally) was to bring the controlled sphere to coin-
cide with the target sphere in the shortest duration they can manage on every trial.
Participants pressed a trigger to “release” the sphere and terminate the trial. Each
participant performed ten sessions (in separate meetings) each consisting of five hun-
dred trials. Data from a trial is termed a path. It consists of a sequence of samples of
the forcestick’s handle positions along two linear dimensions in time,

2 Dü�³ur�s¸yy¸Zvüt�Zr tv½r�iÃ³�h i¼vrs�hüq�vü³Ãv³v½r�¸Ã³yvür�¸s� ³ur�·r³u¸q²��Uur�¼rhqr¼� v²� ¼r�
sr¼¼rq�³¸ b��d�s¸¼�sÃ¼³ur¼�qr³hvy² ¸ü�³ur h¦¦¼¸hpu��A¸¼�sÃ¼³ur¼�qr³hvy² ¸ü�Tv·Ãyh³rq�6üürhyvüt
hüq�¼ryh³rq�H¸ü³r�8h¼y¸�³rpuüv¹Ãr²�²rr�r�t���b���%d�
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TTTT = , where sp ≤≤�  stands for the current time-slice and s  the

final one in a completed path.

Fig. 1. The experimental setup. The graphics display (left), and Immersion’s Impulse Engine
2000 force-feedback joystick (right)

For the purpose of presentation, the task we chose is simple relative to activities
found in practice. Nevertheless, the task does involve all the basic components of the
general transportation problem and the methods we present are applicable to the more
complex cases.

Initiation and Cessation of AmI Activities. To support users’ goal achievement,
AmI requires a measure by which to determine online whether users’ actions do not
fulfill all the goal constraints and therefore assistance should be initiated. The same
measure should also indicate when performance is adequate so that assistance could
be properly terminated. In the following we outline the two computational stages by
which the required indicator is achieved.

1. Path identification
Uur�sv¼²³�²³r¦�vü�³ur�qr³r¼·vüh³v¸ü�¸s�Zur³ur¼�h�¦h¼³vpv¦hü³¶²�¦r¼s¸¼·hüpr�²h³v²svr²�³ur
t¸hy�¸s�³ur�³h²x�v²�³¸�vqrü³vs'�h³�rhpu�³v·r�²yvpr��²h·¦yrù�hyy�³ur�¦h³u²�³uh³�phü�¼rhpu
³ur�³h¼tr³�hüq�²h³v²s'�hyy�³ur�p¸ü²³¼hvü³²��U¸�hpuvr½r�³uh³�Zr�Ã²r�h Tv·Ãyh³rq�6ÿÿrhy�
vÿt hyt¸¼v³u·��Zuvpu�v²�h�trür¼hy�·r³u¸q�¸s�²h·¦yvüt�uvtu�qv·rü²v¸ühy�²¦hpr²�b�!d�
Uur�·r³u¸q� v²� ¦h¼³vpÃyh¼y'� hq½hü³htr¸Ã²� vü� vqrü³vs'vüt� ¦h³u²� Zurü� ³ur� üÃ·ir¼� ¸s
p¸ü²³¼hvü³²� v²� yh¼tr�� hüq� phü� q¸� ²¸� s¸¼� p¸ü²³¼hvü³²� ¸¼vtvüh³vüt� s¼¸·� r²²rü³vhyy'� hü'
³h²x�
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Uur� hyt¸¼v³u·� ²³h¼³²� v³²� ²rh¼pu� s¸¼� t¸hy�¦h³u²� i'� p¸ü²³¼Ãp³vüt� h� ¼hüq¸·� ¦h³u�� D³
³urü�p¸ü²³¼Ãp³²�h�ürZ�¦h³u�s¼¸·�³ur�¸yq�¸ür�i'�¼hüq¸·y'�puhütvüt��¦r¼³Ã¼ivütù�³ur
¸yq�¦¸²v³v¸ü²�¸ü�²¸·r�¸s�³ur�³v·r�²yvpr²��Uuv²�sv¼²³�¸Ã³�¸s�³Z¸�²³htr²�¸s�³ur�hyt¸¼v³u·
v²�³r¼·rq�³ur�trÿr¼h³vÿt�²³htr��6ü'�xü¸Zü�Ã²r¼�¸¼�rü½v¼¸ü·rü³hy�p¸ü²³¼hvü³²�¸ü�¦h³u
p¼rh³v¸ü�h¼r�³¼rh³rq�ur¼r��A¸¼�r`h·¦yr��vs�³ur�h½r¼htr�·h`v·hy�²¦rrq�s¸¼�³ur�hp³¸¼�v²
xü¸Zü� ³u¼¸Ãtu� hü'� ·rhü²�� ³ur� hyt¸¼v³u·� qv¼rp³²� v³²� ²rh¼pu� ³¸� ¼rtv¸ü²� ¸s� ³ur� ¦h³u
²¦hpr�³uh³�vüpyÃqr�¼rhyv²³vp�¦h³u²�s¸¼�³ur�hp³¸¼²¶�pÃ¼¼rü³�ph¦hivyv³vr²�

Dü� ³ur�hppr¦³hÿpr ²³htr�� ³ur�hyt¸¼v³u·�²ryrp³²�Zuvpu�¸ür�¸s� ³ur�¦h³u²�Zvyy�ir� ¼r�
p¸¼qrq�vü�h�s¼r¹Ãrüp'�³hiyr�¸s�t¸hy�¦h³u²�hpp¸¼qvüt�³¸�³ur�s¸yy¸Zvüt�¼Ãyr)�vs�³ur�ürZ
¦h³u� v²� ¸s� ²u¸¼³r¼� qÃ¼h³v¸ü� ³uhü� ³ur� ¸yq�� h²� ³ur� t¸hy� ¼r¹Ãv¼rq�� ³urü� ³ur� ürZ� ¦h³u¶²
p¸Ãü³r¼�v²�vüp¼rh²rq�i'�¸ür��Ds�³ur�ürZ�¦h³u�v²�¸s�y¸ütr¼�qÃ¼h³v¸ü�v³�v²�ü¸³�hyZh'²�¼r�
wrp³rq��¼h³ur¼��v³�v²�¦Ã³�³¸�³ur�s¸yy¸Zvüt�³r²³)

,I�� [ )���r`¦ ¼hÿq
³³

³

ÿrZ¸yq >








 +−

σ
��WKHQ�DFFHSW�

Uur�³r²³�v²�xü¸Zü�h²�³ur�Hr³¼¸¦¸yv² p¼v³r¼v¸ÿ b�#d��hüq�vü�³ur�ph²r�¸s�¸Ã¼�t¸hy�²h'²)�vs
³ur�ürZ�¦h³u� v²�ü¸³� þ·Ãpu� y¸ütr¼´� vü� ³v·r� ³uhü� ³ur�¸yq�¸ür� ³urü� v³�Zvyy� ²³vyy� ir� hp�
pr¦³rq��þHÃpu�y¸ütr¼´�v²�¹Ãhü³vsvrq�vü�³ur�qrü¸·vüh³¸¼�i'�³ur�²³hüqh¼q�qr½vh³v¸ü�¸s
¸i²r¼½rq� ³¼vhy� qÃ¼h³v¸ü� s¸¼� ³uh³� hp³¸¼�� hüq� ³ur� ¼ryh³v½r� ¦¼¸ihivyv³'� ¸s� hppr¦³hüpr� v²
tv½rü�i'� ³ur�ürth³v½r�r`¦¸ürü³�¸s� ³ur� ¼h³v¸�� Ds� ³ur�ürZ�¦h³u� v²� ²³vyy� ¼rwrp³rq� ³ur�¸yq
¦h³u�v²�¼rp¸¼qrq�vü�³ur�s¼r¹Ãrüp'�³hiyr�

Xurü� ²r³� Ã¦�¦¼¸¦r¼y'�� ³ur� hyt¸¼v³u·�h¦¦¼¸`v·h³r²� ³¸� h� uvtu� qrt¼rr� ³ur� ty¸ihyy'
·vüv·hy��t¸hyù�¦h³u�qv²³¼viÃ³v¸ü�Zv³uvü�h�srZ�³u¸Ã²hüq�²h·¦yr²��8¸¼¼r²¦¸üqvüty'��³ur
s¼r¹Ãrüp'�³hiyr�v²�qv½vqrq�i'�³ur�üÃ·ir¼�¸s�²h·¦yr²�'vryqvüt�³ur�¦¼¸ihivyv³'�qv²³¼viÃ�
³v¸ü²�¸s�t¸hy�¦h³u²�²phyrq�³¸�³ur�xü¸Zü�p¸ü²³¼hvü³²�¸ü�³ur�Ã²r¼�hüq�³ur�rü½v¼¸ü·rü³�

Uuv²�²³htr�¸s�³ur�hühy'²v²�¦¼¸½vqr²�h�²r³�¸s�¦h³u²�vü�²¦hpr�hüq�³v·r�³uh³�²h³v²s'�³ur
t¸hy� ³¸�qvssr¼rü³�qrt¼rr²�hüq�·h'�ir�r`rpÃ³rq�i'� ³ur�Ã²r¼�� Dü� ²³r¦�!��Zr�qr½ry¸¦�h
·rh²Ã¼r�³uh³�vüqvph³r²�Zuvpu�¦h³u�³ur�Ã²r¼�v²�hp³Ãhyy'�s¸yy¸Zvüt�hüq�¼hüx²�³ur�srh²viyr
hy³r¼üh³v½r²�³uh³�6·D�·h'�¦¼¸·¸³r�

2. Dynamics quantification
6²�hyy� ³ur�t¸hy� hüq� ³h²x� p¸ü²³¼hvü³²� h¼r� v·¦yvpv³� vü� ³ur� ²v·Ãyh³rq�¦h³u²��Zr� ürrq� ³¸
¹Ãhü³vs'� ³ur�q'üh·vp²� ³uh³�Zvyy� ir� vü½¸y½rq� vü� ¦¼¸qÃpvüt� ²Ãpu� t¸hy� ¦h³u²� s¼¸·� ³ur
pÃ¼¼rü³�³v·r�²yvpr��U¸�tr³�hü�vü³Ãv³v¸ü�vü³¸�Zuh³�þ¹Ãhü³vs'vüt�q'üh·vp²´�·rhü²�vü�³uv²
p¸ü³r`³�Zr�sv¼²³�¼rphyy� ³uh³�³ur�t¸hy�Zh²�³¸�¼rhpu�³ur�³h¼tr³� vü�·vüv·hy�qÃ¼h³v¸ü��Xr
Z¸Ãyq�yvxr�³¸�p¸ü²vqr¼�hyy�³ur�s¸¼pr²�hüq�rür¼t'�³uh³�·vtu³�yrhq�³¸�³ur�½v¸yh³v¸ü�¸s�³ur
t¸hy�p¸ü²³¼hvü³²�� A¸¼� r`h·¦yr�� vs� ³ur� ²¦ur¼r� p¸ü³¼¸yyrq� i'� ³ur� hp³¸¼� q¸r²� ü¸³� ³¼h½ry
hy¸üt�³ur�²u¸¼³r²³�qv²³hüpr�³¸�³ur�³h¼tr³�v³�Zvyy�ü¸³�ir�¼rhpurq�vü�·vüv·hy�³v·r��Tv·v�
yh¼y'��vs�³ur�²¦ur¼r�puhütr²�qv¼rp³v¸ü²�¸¼�²¦rrq�Ãüürpr²²h¼vy'��³¼h½ry�³v·r�Zvyy�ir�¦¼¸�
y¸ütrq�� Uur� ²h·r� h¦¦yvr²� ³¸� hü'� ¸³ur¼� t¸hy� �r�t��� ³¼hü²¦¸¼³�Zv³u�·vüv·hy� hppryr¼h�
³v¸ü²ù��Xr�ürrq�³¸�¹Ãhü³vs'�hyy�³u¸²r�¼ryr½hü³�qv·rü²v¸ü²�vü³¸�h�²vütyr�²phyh¼�
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U¸� hpuvr½r� ³uh³�� Zr� ²Ã·� ³u¼rr� hp³v¸ÿ ³r¼·²� hy¸üt� ³ur� ·rhü� ²v·Ãyh³rq� ¦h³u
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(1)

Action is the highest level dynamical variable and can be computed in several ways.
The first term on the right side of the equation computes the action associated with
the kinetic energy of the sphere’s motion (where ³T�  is the speed). The second term

computes the action associated with the component of the resultant force signifying

changes to the direction of motion (where ⊥
³A is the Normal component of the force,

and ³T is the distance along the path). The third quantifies the action arising from

the changes to speed along the path. We term the sum of these components prospec-
tive action.

Tv·vyh¼y'��h³�rhpu�³v·r�²yvpr�Zr�p¸·¦Ã³r�³ur�h·¸Ãü³�¸s�hp³v¸ü�hy¼rhq'�r`r¼³rq�Ã¦
³¸�³ur�pÃ¼¼rü³�¸ür�hy¸üt�³ur�¦h³u�³¼h½ryrq)
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(2)

Xr�svühyy'�h¼¼v½r�h³�³ur�¹Ãhü³v³'�Zr�Zr¼r�hs³r¼�i'�²Ã··vüt�³ur�¦¼¸²¦rp³v½r hüq�¼r³¼¸�
²¦rp³v½r�hp³v¸ü²�vü³¸�trÿr¼hyvªrq�hp³v¸ÿ��B6ù�h³�³v·r�²yvpr�p)

[ ] [ ] [ ]pTpTpT += ûÐ
. (3)

D³�v²�³ur�p¸ü²³¼Ãp³rq�¦¼¸¦r¼³'�¸s�³uv²�¹Ãhü³v³'�³uh³�²r¼½r²�h²�hü�vüqvph³¸¼�¸s�³ur�²³h³r�¸s
¦r¼s¸¼·hüpr�¼ryh³v½r�³¸�³ur�t¸hy��H¸¼r�r`¦yvpv³y'��vü�p¸ü²³¼Ãp³vüt�³ur�²v·Ãyh³rq�¦h³u²
Zr�uh½r�r²²rü³vhyy'�²r³�Ã¦�h�ürZ�³¼hpxvüt�³h²x�h³�rhpu�³v·r�²yvpr��Uur¼rs¸¼r��h²�y¸üt
h²� ³ur� ³¼hpxvüt� v²�¦¼rpv²r� s¼¸·�¸ür� ³v·r�²yvpr� ³¸� ³ur�ür`³� ³ur� ¼r³¼¸²¦rp³v½r� hüq�¦¼¸�
²¦rp³v½r� hp³v¸ü²� h¼r� p¸·¦yr·rü³²� hüq� yrh½r� ³ur� ½hyÃr²� ¸s� B6� vü½h¼vhü³�� Dü� ¸³ur¼
Z¸¼q²��vs�³ur�hp³v¸ü²�¸s�³ur�Ã²r¼�q¸�ü¸³�i¼vüt�hi¸Ã³�³ur�ürpr²²h¼'�q'üh·vp²�¼r¹Ãv¼rq
³¸�²h³v²s'� ³ur�t¸hy�� vü½h¼vhüpr� v²�ü¸³�·hvü³hvürq��TÃpu�hü� vüqvph³¸¼�phü� ³ur¼rs¸¼r�ir
Ã²rq� i'� 6·D� ³¸� qr³r¼·vür� Zurü� vü³r¼½rü³v¸ü²� h¼r� ürrqrq� hüq� Zurü� ³ur'� h¼r� ü¸
y¸ütr¼�¼r¹Ãv¼rq�

3 Dü�trür¼hy�� ³ur¼r v² h s¸Ã¼³u ³r¼· h²²¸pvh³rq Zv³u h puhütr vü� ³ur ¸¼vrü³h³v¸ü�¸s� ³ur ²¦ur¼r�
�v�r��� h ¼¸³h³v¸ü� h¼¸Ãüq� hü h`v²ù�� Dü� ¸Ã¼� ²r³Ã¦�� ³ur s¸¼pr²³vpx� q¸r²� ü¸³ hyy¸Z� ³uh³ qrt¼rr ¸s
s¼rrq¸·�
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A¸¼�¦¼r²rü³h³v¸ü�¦Ã¼¦¸²r²�Zr�²r³�³ur�³h¼tr³�h³�`�2 ' 2 #�··��hüq�pyh·¦�³ur�·h`v�
·hy�²¦rrq� ·h`¹� ¸s�³ur�s¸¼pr²³vpx�h³�#··�uÃüq¼rq³u�¸s�h ²rp¸üq�hy¸üt�rhpu�h`v²��v�r��

%%�$·h` ≈¹� vü� ³ur� @Ãpyvqrhü� ²rü²rù�� 7'� sÃ¼³ur¼� ²r³³vüt� ³ur�·h²²� ¸s� ³ur� ²v·Ãyh³rq

¸iwrp³�h³�!�Ãüv³²��Zr�tr³�B6�p¸ü²³hü³�h³�#�%���

7DEOH����6p³v¸ü ½hyÃr²�s¸¼�rhpu�³v·r�²yvpr�vü�h�t¸hy�¦h³u

Uv·r�
²yvpr `�' B6 Sr³¼¸ Q¼¸²¦
� ��� #�%�� ���� #�%��

� #�# #�%�� �!©�� !©©��

! ©�© #�%�� �%��� !$%��

" �!��! #�%�� �(!�� !!#��

# �%��% #�%�� !!#�� �(!��

$ !��!� #�%�� !$%�� �%���

% !#�!# #�%�� !©©�� �!©��

& !©�!© #�%�� "!��� (%��

© "!�"! #�%�� "$!�� %#��

( "%�"% #�%�� "©#�� "!��

�� #��#� #�%�� #�%�� ���

7*$ �����

Table 2. 8¸ü²³¼hvü³�½v¸yh³v¸ü�hüq�³ur i¼rhxq¸Zü�¸s�vü½h¼vhüpr

Uv·r�
²yvpr `�' B6 Sr³¼¸ Q¼¸²¦
� ��� #�%�� ��� #�%��

� #�# #�%�� �!©�� !©©��

! ©�© #�%�� �%��� !$%��

" �!��! #�%�� �(!�� !!#��

# �%��% #�%�� !!#�� �(!��

$ !��!� #�%�� !$%�� �%���

% !#�!# #�%�� !©©�� �!©��

& !©�!© #�%�� "!��� (%��

© "!�"! #�%�� "$!�� %#��

( "$�"$ #���� "%#�� "%��

�� "(�"( #���� #�#�� #��

�� #��#� #���� #���� ���

7*$ �����

Dü½h¼vhüpr�qv²h¦¦rh¼²�s¸¼�hü'�½v¸yh³v¸ü�²Ãpu�h²�³ur�²y¸Zq¸Zü�¸ppÃ¼¼vüt�¸ü�³v·r�²yvpr
(�vü�Uhiyr�! iry¸Z��Dü½h¼vhüpr�¼r³Ã¼ü²�h²�hyy�³ur�p¸ü²³¼hvü³²�h¼r�·r³�hüq�³ur�·¸³v¸ü�v²
h³�·h`v·hy�²¦rrq�vü�³ur�qv¼rp³v¸ü�¸s�³ur�³h¼tr³�s¼¸·�³ur�³rü³u�³v·r�²yvpr�
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6²�Zr�phü�²rr��³uv²�vü½h¼vhüpr�¸s�B6�Ãüqr¼�t¸hy�qv¼rp³rq�q'üh·vp²�tv½r²�³ur�²¸Ãtu³
hs³r¼�vüqvph³¸¼�³¸�qr³r¼·vür�Zur³ur¼�¦h¼³vpv¦hü³²�²h³v²s'�³urv¼�t¸hy�Zuvyr�vü�³ur�¦¼¸p�
r²²�
(YDOXDWLRQ�RI�$P,�'HVLJQV��The sum of GA, Total-Generalized-Action (TGA) for a
complete path j,

[ ]∑
=

=
=

û

�

Ðsp

p
w pTT

ÿ
�

(4)

v²�·vüv·hy�s¸¼�t¸hy�¦h³u²�h²�phü�ir�²rrü�s¼¸·�³ur�¦¼r½v¸Ã²�³hiyr²�hüq�³ur�ür`³�¸ür�

Table 3. UB6�phypÃyh³v¸ü²#

Uv·r�²yvpr `�' B6 Sr³¼¸ Q¼¸²¦
� ��� #�%��� ���� #�%���

� #�" "(©�%% ������ !(©�%%

! %�$ "©%�©$ ��#��" !©!�&"

" ���& #!��#% �##�!( !&&��&

# �!��� #"©�%& �©(�$( !#(��©

$ �%��$ #"©�%& !#©�©� �©(�©&

% �©��© ##"�&# !$(�$! �©#�!!

& !��!! ##$�&( !(#�!& �$��$!

© !$�!# #©!�"� ""��!( �$!���

( !(�!& #&��&& "%%�(� ��"�©%

�� ""�"� #&��&& #���&� $(��&

�� "&�"$ #&��&& ##"�&� !&��&

�
û

−s #��"( #&��&& #&!�$� ��&#

ûs #��#� #&��&& #&��&& ����

7*$ �����

Uur¼rs¸¼r��UB6�v²�hü�¸½r¼hyy�·rh²Ã¼r�¸s�²Ãppr²²�vü�²h³v²s'vüt�³ur�t¸hy�s¸¼�h�p¸·¦yr³r
¦¼¸pr²²��6²�³ur�p¸ü²³¼hvü³²�¸s�³ur�t¸hy�h¼r�½v¸yh³rq�UB6�vüp¼rh²r²�hüq�phü�³ur¼rs¸¼r
²r¼½r�³¸�¼hüx�³ur�¸i²r¼½rq�¦h³u²�hpp¸¼qvüt�³¸�³urv¼�·r¼v³�vü�t¸hy�hpuvr½r·rü³��8¸·�
¦h¼vüt�³ur�rssrp³v½rür²²�¸s�p¸·¦r³vüt�6·D�qr²vtü²�vü�shpvyv³h³vüt�Ã²r¼²�t¸hy�¼ryr½hü³
iruh½v¸Ã¼�phü�³ur¼rs¸¼r�ir�ph¼¼vrq�¸Ã³�³u¼¸Ãtu�³ur�UB6�·rh²Ã¼r�

4 Dü ph²r�³ur�²¦ur¼r v² ³¼vttr¼rq hZh'�s¼¸·�³ur�³h¼tr³�³ur ²v·Ãyh³v¸ü p¸·¦yr³r² ³ur�¦h³u0�urüpr
s �vü²³rhq�¸s� s �*
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Anticipation of Goal-Relevant Performance. Predictions of goal-directed
behaviour may arise from knowledge of human cognitive and physical abilities and
constraints. In the following we present a test of feasibility for a complementary
approach to the human-centered approach. In the goal-centered approach we search
for a principle capturing the predictable regularities in actors’ task dynamics under
goal-constraints. More specifically, we would like to formulate a principle that
predicts for any given actor the probability distribution of TGA (i.e., the relative
frequency of occurrence in repeated experiments). Xr� s¸¼·Ãyh³r� h þyrh²³�UB6
¦¼vüpv¦yr´�tv½rü�i'�³ur�7¸y³ª·hüü�qv²³¼viÃ³v¸ü)
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UT ⋅≡ σω �� (7)

Dü�Z¸¼q²�� ³ur�¦¼¸ihivyv³'�¸s�¸i²r¼½vüt�h�¦h³u� �vü� ¼r¦rh³rq� r`¦r¼v·rü³²ù� v²� hü� r`¦¸�
ürü³vhy�sÃüp³v¸ü�¸s�³ur��ürth³v½rù�½hyÃr�¸s�UB6��v�r��� ²

ÿ
ù0�³ur�uvtur¼�³ur�½hyÃr�¸s�UB6

s¸¼�h�¦h³u��³ur�yr²²�yvxry'�³ur�¦h³u�v²�
Dü�hqqv³v¸ü�³¸�UB6��³ur¼r�h¼r�³Z¸�¹Ãhü³v³vr²�vü�³ur�qrü¸·vüh³¸¼�hssrp³vüt�³ur�qv²�

³¼viÃ³v¸ü�¸s�UB6�

[ ] [ ]( )∑
=

−=
I

w
wwT sTsT

I �

!�σ ��Zur¼r� ²vtüvsvr²�³ur�·rhü��h½r¼htrù��v²�³ur�²³hü�

qh¼q�qr½vh³v¸ü�¸s� �¼r³¼¸²¦rp³v½rù�hp³v¸ü�qv²³¼viÃ³v¸ü�¸i²r¼½rq� s¸¼�h ¦h¼³vpv¦hü³�Ã¦� ³¸
³ur�³v·r�¸s�¦¼rqvp³v¸ü��I�³¼vhy²ù$�

Uur�²³hüqh¼q�qr½vh³v¸ü�¸s� ³ur�¸i²r¼½rq�hp³v¸ü�qv²³¼viÃ³v¸ü� ²r¼½r²�h²� ³ur� ²³hüqh¼q
Ãüv³�i'�Zuvpu�Zr�·rh²Ã¼r�UB6��hüq� ∞<< U� v²�h�·Ãy³v¦y'vüt�shp³¸¼�Zuvpu�r²³v�
·h³r²�³ur�·htüv³Ãqr�¸s�³ur�rssrp³�³ur�t¸hy�p¸ü²³¼hvü³²�uhq�¸ü�³ur�hp³¸¼¶²�¦r¼s¸¼·hüpr
�v�r���t¸hy�p¸Ã¦yvüt�²³¼rüt³uù��H¸¼r�r`¦yvpv³y'��Zurü� ∞→U �� ³ur�rssrp³�¸s� ³ur�·vüv�
·vªh³v¸ü�¦¼vüpv¦yr� qv²h¦¦rh¼²� hüq� ³ur� ¼r²Ãy³vüt�qv²³¼viÃ³v¸ü� v²� ³ur� p¸ü²r¹Ãrüpr� ¸s� h
¼hüq¸·�Zhyx�Ãüqr¼�³ur�p¸ü²³¼hvü³²�¸s�³ur�trür¼h³vüt�²³htr�¸s�³ur�hyt¸¼v³u·�hy¸ür��6²

�→U ��³ur�²uh¦r�¸s�³ur�qv²³¼viÃ³v¸ü�²uvs³²�³¸Zh¼q²�³ur�r`¦¸ürü³vhy�¸s�³ur�7¸y³ª·hüü
qv²³¼viÃ³v¸ü�h²�phü�ir�²rrü�i'�p¸·¦h¼vüt�³ur�ür`³�³Z¸�svtÃ¼r²��D·¦¼¸½vüt�²xvyy�¹Ãhü³v�
svrq�i'�³ur�trür¼h³vüt�¦h¼h·r³r¼²��r�t���·h`v·hy�¸i²r¼½rq�²¦rrqù�·h'�hyy¸Z�h Ã²r¼�³¸
¦¼¸qÃpr�¦h³u²�Zv³u�²·hyyr¼�UB6�½hyÃr²��Uur�¸i²r¼½rq�puhütr�vü�³ur�qv²³¼viÃ³v¸ü�qÃr

5 Dü ³ur v·¦yr·rü³h³v¸ü ¦¼r²rü³rq Zr ·rh²Ã¼r�³ur�hp³v¸ü hs³r¼ rhpu ³¼vhy��v�r���h³�³ur svühy�³v·r�
²yvpr� s ù�
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³¸�³uh³�v²�h�qv²¦yhpr·rü³�³¸Zh¼q²�³ur�¸¼vtvü��T ¸ü�³ur�¸³ur¼�uhüq��vüsyÃrüpr²�³ur�¼ryh�
³v½r�s¼r¹Ãrüpvr²�Zv³u�Zuvpu�¦h³u²�Zv³u�²·hyyr¼�½hyÃr²�h¼r�¦r¼s¸¼·rq��D³�v²�³uh³�³'¦r�¸s
v·¦¼¸½r·rü³� ³uh³� v²� h²²¸pvh³rq�Zv³u� qr½ry¸¦vüt� t¸hy�¼ryr½hü³� r`¦r¼³v²r� hüq� thÃtrq
i'�U �

An observed TGA distribution of an experimental session (500 trials) is plotted in
red. Given the large value of U , the predicted distribution in blue gives the random-
walk result.

Fig. 2. ����$≅U

At lower values, the predicted distribution changes its shape towards the exponential.

Fig. 3. $��≅U
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U v²�³ur¼rs¸¼r�r²³v·h³rq�i'�h ²r¦h¼h³r�Tv·Ãyh³rq�6üürhyvüt�hyt¸¼v³u·�²rh¼puvüt�s¸¼�h
½hyÃr�Zuvpu�i¼vüt²�³ur�·rhÿ²�¸s�³ur�qv²³¼viÃ³v¸ü²�³¸�p¸vüpvqr�
Uur�srh²vivyv³'�³r²³�¸s�³ur�hi¸½r�¦¼vüpv¦yr�²u¸Ãyq�i¸¸²³�p¸üsvqrüpr�vü�³ur�h¦¦¼¸hpu�i'
²u¸Zvüt�³uh³�³ur�yrh²³�UB6�¦¼vüpv¦yr�i¸³u�¦¼rqvp³²�³ur�qh³h�¸s�r½r¼'�¦h¼³vpv¦hü³�³¸�h
yh¼tr�r`³rü³��h²�Zryy�h²�i'�qr·¸ü²³¼h³vüt�³uh³�¦h¼³vpv¦hü³²�p¸ü½r¼tr�³¸�³ur�7¸y³ª·hüü
r¹Ãvyvi¼vÃ·�qv²³¼viÃ³v¸ü�¸s�³uh³�·rh²Ã¼r�h²�³ur�üÃ·ir¼�¸s�²r²²v¸ü�vüp¼rh²r²�

1. First experimental hypothesis, ( ) �)�
� >>C .

V²vüt�¸üy'� ³u¼rr�trür¼h³vüt�¦h¼h·r³r¼²�¸s�·h`v·hy� ²¦rrq�¸i²r¼½rq��·rhü� ¼rhp³v¸ü�
³v·r�³¸�³¼vhy�¸ü²r³��hüq�³ur�²³hüqh¼q�qr½vh³v¸ü�¸s�svühy��@Ãpyvqrhüù�qv²³hüpr�s¼¸·�³ur
³h¼tr³��py¸²r�³¸�%���¸s�³ur�³¸³hy�qv²³¼viÃ³v¸ü�¸s�r½r¼'�²r²²v¸ü�¸s�r½r¼'�¦h¼³vpv¦hü³� vü
³ur�²³Ãq'�Zr¼r�¦¼rqvp³rq��9Ãr�³¸�²¦hpr�p¸ü²³¼hvü³²�Zr�²u¸Z�¸üy'�h ²r¹Ãrüpr�¸s�h srZ
²r²²v¸ü²�¸s�¸ür�¦h¼³vpv¦hü³�vü�³ur�s¸yy¸Zvüt�svtÃ¼r²�



Methods for Online Management of AmI Capabilities Relative to Users’ Goals         345

Fig. 4. 6�²r¹Ãrüpr ¸s�¦¼rqvp³rq�²r²²v¸ü²

Xr� Ã²r� ³ur� ¦r¼prü³htr� ²v·vyh¼v³'� ·rh²Ã¼r�� hy²¸� xü¸Zü� h²�Xrv³ª·hÿ¶² �qry³hù
·rh²Ã¼r� b%d�� ³¸� ¹Ãhü³vs'� ³ur� yr½ry� ¸s� ¦¼rqvp³v¸ü��6²� v³²� üh·r� ²Ãttr²³²�� ³ur�·rh²Ã¼r
'vryq²� ³ur� ¦r¼prü³htr� ¸s� ³ur� ¸i²r¼½rq� qv²³¼viÃ³v¸ü� vü³r¼²rp³rq� �¸½r¼yh¦¦rqù� i'� ³ur
¦¼rqvp³rq�¸ür�

( )∑=
v

¦¼rq
v

¸i²
v ¦¦ �·vü � (8)

Zur¼r� v h¼r� ³ur�½hyÃr²�¸s�UB6�s¸¼�Zuvpu�i¸³u� ³ur�¸i²r¼½rq�hüq�¦¼rqvp³rq�qv²³¼viÃ�
³v¸ü²�uh½r�¦¼¸ihivyv³'�yh¼tr¼�³uhü�ªr¼¸�

6²�h sv¼²³�h¦¦¼¸`v·h³v¸ü��³ur�h¦¦¼¸hpu�²rr·²�¦¼¸·v²vüt��¦¼rqvp³vüt�·¸²³�¸s�r½r¼'
²r²²v¸ü� vü� ³ur� ²³Ãq'��HÃpu� v·¦¼¸½r·rü³� phü� ir� r`¦rp³rq� Zv³u� ³ur� vü³¼¸qÃp³v¸ü� ¸s
·¸¼r�ryhi¸¼h³r�¦h³u�p¸ü²³¼Ãp³v¸ü�²pur·r²�hüq�hqqv³v¸ühy�p¸ü²³¼hvüvüt�¦h¼h·r³r¼²�
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2. Second experimental hypothesis, ( ) �)!
� →

∞→I
9C  .

Xurü�¼r²rh¼pur¼²�Ã²r�³ur�²v·Ãyh³rq�hüürhyvüt�hyt¸¼v³u·�h²�hü�vü³rt¼h³v¸ü�¸¼�²v·Ãyh�
³v¸ü�³¸¸y�³ur'�³¼'�³¸�·hxr�²Ã¼r�³ur�hyt¸¼v³u·�p¸ü½r¼tr²�³¸�³ur�ty¸ihyy'�¸¦³v·hy��r¹Ãv�
yvi¼vÃ·ù�qv²³¼viÃ³v¸ü�³ur'�²rrx��Pür�¸s� ³ur�p¸·¦¸ürü³²� vü�hpuvr½vüt� ³uh³� ¼r²Ãy³� v²� ³¸
p¸ü²³¼Ãp³� ¦h³u²� h³� ³ur� trür¼h³vüt� ²³htr�Zuvpu� h¼r� vüqr¦rüqrü³� ¸s� ¸ür� hü¸³ur¼�� Uur
�Hr³¼¸¦¸yv²ù�hppr¦³hüpr�p¼v³r¼v¸ü�phü�³urü�·hxr�²Ã¼r� ³uh³� ³ur�¦h³u�²r¹Ãrüpr��puhvüù
p¸ü½r¼tr²� ³¸� ³ur� ¸¦³v·hy� qv²³¼viÃ³v¸ü�� Dü� ¸Ã¼� Ã²r� ¸s� ³ur� hyt¸¼v³u·� h²� ³ur�·¸qry� s¸¼
Ã²r¼²¶� yrh¼ÿvÿt ¦¼¸pr²²�� ³ur� ¦h³u²� h¼r� ²³¼¸üty'� qr¦rüqrü³� hüq� p¸ü½r¼trüpr� v²� ü¸³
tÃh¼hü³rrq��Qh¼³vpv¦hü³²�vü�¸Ã¼�ph²r�h¼r�vü�puh¼tr�¸s�p¸ü²³¼hvüvüt�³urv¼�p¸ü³¼¸y�³¸�·rr³
³ur� t¸hy� ¼r¹Ãv¼r·rü³²� h²�·Ãpu� h²� ³ur'� phü�� tv½rü� ³urv¼� ²xvyy�yr½ry�·rh²Ã¼rq� i'� ³ur
trür¼h³vüt�¦h¼h·r³r¼²��r�t���·h`v·hy�¸i²r¼½rq�²¦rrqù�

Uur�²rp¸üq�r`¦r¼v·rü³hy�u'¦¸³ur²v²�v²�³ur¼rs¸¼r�³uh³�¦h¼³vpv¦hü³²�Zvyy�²u¸Z�h qr�
p¼rh²vüt�qv²³hüpr�s¼¸·�³ur�¦¼rqvp³rq�r¹Ãvyvi¼vÃ·�qv²³¼viÃ³v¸ü��v�r���³ur�¸¦³v·hy�qv²³¼v�
iÃ³v¸üù�h²�³ur�üÃ·ir¼�¸s�³¼vhy²��²r²²v¸ü²ù�v²�vüp¼rh²rq��Dü�³ur�ür`³�svtÃ¼r�Zr�p¸·¦h¼r
³ur�¼rq�¸i²r¼½rq�qv²³¼viÃ³v¸ü�Zv³u�³ur�iyhpx�r¹Ãvyvi¼vÃ·�qv²³¼viÃ³v¸ü�trür¼h³rq��²h·�
¦yrqù�h³� ³ur�²h·r� yr½ry�¸s� ²³hüqh¼q�qr½vh³v¸ü�

T
ÿσ �v�r���ivü�²vªr�hy¸üt� ³ur�u¸¼vª¸ü³hy

h`v²ù��Uur�yh³³r¼�qv²³¼viÃ³v¸ü�²vtüvsvr²�³ur�ir²³�t¸hy�¼ryr½hü³�¦r¼s¸¼·hüpr�³uv²�¦h¼³vpv�
¦hü³�·h'�hpuvr½r�tv½rü�uv²�ur¼�pÃ¼¼rü³�²rü²v³v½v³'�³¸�³ur�t¸hy�p¸ü²³¼hvü³²�

Fig. 5. Uur�¸i²r¼½rq hüq ³ur�r¹Ãvyvi¼vÃ·�qv²³¼viÃ³v¸ü²

U¸�³r²³�Zur³ur¼�¦h¼³vpv¦hü³²¶�qv²³¼viÃ³v¸ü²�²u¸Z�p¸ü½r¼trüpr�³¸�³ur�7¸y³ª·hüü�r¹Ãv�
yvi¼vÃ·� qv²³¼viÃ³v¸ü� ²¦rpvsvrq� i'� ¸Ã¼� ¦¼vüpv¦yr�� Zr� ·rh²Ã¼r� s¸¼� rhpu� ¸s� ³ur·� ³ur
�½h¼vh³v¸üù�qv²³hüpr�¸s�³ur�¸i²r¼½rq�qv²³¼viÃ³v¸ü�s¼¸·�³ur� ( )

T
ÿσπ qv²³¼viÃ³v¸ü�h³�rhpu

²r²²v¸ü�br�t���&d)

( )∑ −=
v

¸i²
vTv ¦9 ÿσπ

!
�

��
(9)

9v²³hüpr� ½hyÃr²� ir³Zrrü� ³ur� qv²³¼viÃ³v¸ü²� Zr¼r� sv³³rq� Zv³u� h� yrh²³�²¹Ãh¼r� yvür�� Uur
²y¸¦r�¸s� ³uh³� yvür�Zh²� ³r²³rq� ³u¼¸Ãtu�h� ¼r²uÃssyvüt� ³rpuüv¹Ãr�b�"d� ³¸�²³h³v²³vphyy'�qr�
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³r¼·vür�Zur³ur¼�v³�v²�²vtüvsvphü³y'�qvssr¼rü³�s¼¸·�ªr¼¸��6²�phü�ir�²rrü�vü�³ur�svtÃ¼r²
iry¸Z��p¸ü½r¼trüpr�¸s�·¸qr²³�¼h³r�Zh²�qr³rp³rq�s¸¼�³u¼rr�¸Ã³�¸s�³ur�s¸Ã¼�¦h¼³vpv¦hü³²�

Fig. 6. 8¸ü½r¼trüpr h²²r²²·rü³

Uur²r�¦¼ryv·vüh¼'�¼r²Ãy³²�h¼r�¹Ãv³r�¦¼¸·v²vüt�vü�²u¸Zvüt�t¸¸q�qh³h�sv³²�hüq�³ur�¦¸²�
²vivyv³'�¸s�p¸ü½r¼trüpr��Ps�p¸Ã¼²r��sÃ¼³ur¼�Z¸¼x�v²�¼r¹Ãv¼rq�hüq�³r²³vüt�³ur�·r³u¸q²¶
¦r¼s¸¼·hüpr�¸ü�·¸¼r�¼rhyv²³vphyy'�p¸·¦yr`�³h²x²�v²�ürpr²²h¼'��C¸Zr½r¼��³ur�r½vqrüpr
v²�¹Ãv³r�²³¼¸üt�³uh³�³ur�h¦¦¼¸hpu�v²�srh²viyr�hüq�³uh³�sÃ¼³ur¼�Z¸¼x�v²�Zh¼¼hü³rq�

� 6XPPDU\�RI�&RQWULEXWLRQV

Methods were outlined for the solution of three general problems currently impeding
the development of management systems of AmI. We outlined the methods’ execu-
tion of decisions on the initiation and cessation of AmI interventions, overall design
assessment through the evaluation of the level of goal achievement by the TGA
measure, and the prediction of goal-directed performance. The methods and measures
demonstrated are generally applicable and are particularly suited for adapting to dif-
ferent users’ changing capabilities and goals. If shown valid for the complex tasks
found in practice, the offered methods promise to facilitate the solution to some of
most hindering problems in AmI’s development.
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