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+P� VJKU� RCRGT�� YG� FGUETKDG� VJG� UVGRU
ECTTKGF� QWV� HQT� FGXGNQRKPI� C� 4CKNYC[
+PHQTOCVKQP� 5GTXKEG� HQT� 5RCPKUJ�� 6JKU
YQTM� KPVTQFWEGU� C� OGVJQFQNQI[� HQT
FGUKIPKPI� FKCNQIWG� OCPCIGTU� KP� URQMGP
FKCNQIWG� U[UVGOU� HQT� TGUVTKEVGF� FQOCKPU�
+P� VJKU� OGVJQFQNQI[� UGXGTCN� UQWTEGU� QH
KPHQTOCVKQP� CTG� EQODKPGF�� KPVWKVKQP�
QDUGTXCVKQP� CPF� UKOWNCVKQP� HQT� FGHKPKPI
UGXGTCN� FKCNQIWG� UVTCVGIKGU�� GXCNWCVKPI
VJGO� CPF� EJQQUKPI� VJG� DGUV�� 7UGTU� KP� C
HKPCN� GXCNWCVKQP� ICXG� VJG� U[UVGO� C� ���
UEQTG� KP� C� ��RQKPV� UECNG�YKVJ� CP� CXGTCIG
ECNN�FWTCVKQP�QH�����U�

1 Introduction

6JG� KORQTVCPV� KORTQXGOGPVU� KP� 5RGGEJ
6GEJPQNQI[�JCXG�CNNQYGF�FGXGNQRKPI�CWVQOCVKE
U[UVGOU�VJCV�ECP�YQTM�WPFGT�TGCN�EQPFKVKQPU��#V
VJKU� RQKPV�� VGNGRJQPG�DCUGF� URQMGP� FKCNQIWG
U[UVGOU�JCXG�CRRGCTGF�CU�CP�KORQTVCPV�HKGNF�HQT
CRRN[KPI�VJGUG�VGEJPQNQIKGU��.CUV�FGECFG��C�ITGCV
COQWPV�QH� TGUVTKEVGF�FQOCKP�U[UVGOU�JCXG�DGGP
FGXGNQRGF�� ,72+6'4� 
<WG�� ������ VJCV� RTQXKFGU
YGCVJGT� KPHQTOCVKQP�� VTCXGN� KPHQTOCVKQP� CPF
VKEMGV� TGUGTXCVKQP�UGTXKEGU� NKMG�4CKN6GN� � 
.COGN�
������ CPF� #4+5'� 'WTQRGCP� RTQLGEVU� 
.COGN�
������$CIIKC���������#PQVJGT�KORQTVCPV�URQMGP
FKCNQIWG� RTQLGEV� KU� VJG� &#42#� %QOOWPKECVQT

JVVR���HQHQEC�OKVTG�QTI��� 5QOG� U[UVGOU
FGXGNQRGF� KP� VJKU� RTQLGEV� CTG� VJG� %7� 
2GNNQO�
������ CPF� VJG� %/7� 
4WFPKEM[�� �����
%QOOWPKECVQT� U[UVGOU�� 6JGUG� UGTXKEGU� GPCDNG
PCVWTCN�EQPXGTUCVKQPCN�KPVGTCEVKQP�YKVJ�VGNGRJQPG
ECNNGTU� VJCV� CEEGUU� KPHQTOCVKQP� CDQWV� CKTNKPG
HNKIJVU��JQVGNU�CPF�TGPVCN�ECTU��1VJGT�UGTXKEGU�CTG
VJG� &KTGEVQT[�#UUKUVCPEG� U[UVGOU� NKMG

5EJT¸OO�� ������ QT� VJG� CWVQOCVKE� ECNN
TGFKTGEVKQP� U[UVGO� CU� KORNGOGPVGF� KP� #6�6

4KEECTFK�� ������� +P� VJKU� RCRGT�� YG� RTGUGPV� C
OGVJQFQNQI[� HQT� FGUKIPKPI� VJG� FKCNQIWG

OCPCIGT� KP� URQMGP� FKCNQIWG� U[UVGO� HQT
TGUVTKEVGF�FQOCKPU��9G�WUG�VJKU�OGVJQFQNQI[�VQ
FGXGNQR�C�VTCKP�VKOGVCDNG�KPHQTOCVKQP�U[UVGO�HQT
VJG� OCKP� 5RCPKUJ� KPVGTEKV[� EQPPGEVKQPU�� +P� VJKU
RCRGT��YG�CNUQ�RTGUGPV�CP�CRRTQCEJ�HQT�FGUKIPKPI
VJG�EQPHKTOCVKQP�OGEJCPKUOU�CPF� KPEQTRQTCVKPI
WUGT�OQFGNNKPI�VGEJPKSWGU�

2 Methodology for Dialogue Design
6JG� OGVJQFQNQI[� RTQRQUGF� KP� VJKU� RCRGT

EQPUKUVU�QH���UVGRU��6JG�HKTUV�UVGR�KU�VJG�FCVCDCUG
CPCN[UKU�YJGTG� VJG� KPHQTOCVKQP�EQPVCKPGF� KP� VJG
MPQYNGFIG� FCVCDCUG� KU� FGUETKDGF� D[� CP� 'PVKV[�
4GNCVKQPUJKR�FKCITCO��+P�VJG�FGUKIP�D[�KPVWKVKQP�
C��DTCKP�UVQTOKPI��QXGT�VJG�'�4�KU�RGTHQTOGF�HQT
RTQRQUKPI� FKHHGTGPV� FKCNQIWG� CNVGTPCVKXGU�� 6JG
VJKTF�UVGR�KU�VJG�FGUKIP�D[�QDUGTXCVKQP��YJGTG�YG
GXCNWCVG� GCEJ� RTQRQUCN� WUKPI� WUGT�QRGTCVQT
FKCNQIWG� VTCPUETKRVKQPU�� 6JG� PGZV� UVGR� YG
UKOWNCVG� VJG� U[UVGO� YKVJ� C� 9K\CTF� QH� 1\� KP
QTFGT� VQ� NGCTP� VJG� URGEKHKE� EJCTCEVGTKUVKEU� QH
JWOCP�U[UVGO�KPVGTCEVKQPU��6JG�HKHVJ�UVGR� KU� VJG
FGUKIP� D[� KVGTCVKXG� KORTQXGOGPV� YJGTG� VJG
EQPHKTOCVKQP� UVTCVGIKGU� CTG�FGUKIPGF� KP� QTFGT� VQ
KORNGOGPV� C� HWNN[� CWVQOCVKE� U[UVGO�� 6JG
TCKNYC[� KPHQTOCVKQP� U[UVGO� FGXGNQRGF� KP� VJKU
YQTM� WUGU� KUQNCVGF� URGGEJ� TGEQIPKVKQP�� DWV� VJG
OGVJQFQNQI[� KU� IGPGTCN� CPF� KV� ECP� DG� WUGF� VQ
FGXGNQR� U[UVGO� YKVJ� EQPVKPWQWU� URGGEJ
TGEQPKIKVQP�CPF�WPFGTUVCPFKPI�

This methodology is similar to the Life-Cycle
Model presented in (Bernsen, 1998) and
(www.disc2.dk), but we incorporate the step
"design by observation" where human-human
interactions are analysed and we present
measures to evaluate the different design
alternatives at every step of the methodology.

3 Database Analysis and Design by
Intuition

6JG� FCVCDCUG�� CU� VJG� KPKVKCN� RQKPV� KP� QWT
OGVJQFQNQI[� EQPVCKPU� VJG� KPHQTOCVKQP� QT
MPQYNGFIG� YG� YCPV� VQ� RTQXKFG� KP� QWT� UGTXKEG�
(QT� GZCORNG� KP� C� TCKNYC[� KPHQTOCVKQP� U[UVGO�



VJKU� FCVCDCUG� EQPVCKPU� VJG� VKOG� KPHQTOCVKQP� HQT
CNN� VJG� VTCKPU�� VJGKT� RTKEGU�� VJGKT� UGTXKEGU�
GVE���6JG�CKO�QH�FCVCDCUG�CPCN[UKU� KU� VQ�FGUETKDG
VJKU� KPHQTOCVKQP�� KP� QTFGT� VQ� QHHGT� VJG� UGTXKEG�
6JKU� FGUETKRVKQP� EQPUKUVU� QH� CP� 'PVKV[�
4GNCVKQPUJKR� &KCITCO� 
'�4�� VJCV� UJQYU� C
UGOCPVKE� TGRTGUGPVCVKQP� QH� VJG� FCVC�� +P� VJKU
FKCITCO��VJG�OCKP�GPVKV[�UGVU��VJGKT�CVVTKDWVGU�CPF
MG[U� 
CVVTKDWVGU� VJCV�WPKSWGN[�FGHKPG�CP�GNGOGPV
KP�CP�GPVKV[�UGV���CPF�GPVKV[�UGV�TGNCVKQPUJKRU�OWUV
DG�FGHKPGF��9G�OWUV�RC[�CVVGPVKQP� VQ� VJG�GPVKV[
UGVU�DGECWUG�VJG[�YKNN�DG�VJG�RQUUKDNG�IQCNU�VJCV
VJG�U[UVGO�ECP�RTQXKFG�
RCTVU�QH�UGTXKEG�UWEJ�CU
VKOGVCDNG� KPHQTOCVKQP�� TGUGTXCVKQPU�� HCTGU�� GVE���
6JG� MG[U� CTG� VJG�OCKP�OCPFCVQT[� KVGOU� VQ� CUM
VJG� WUGT� CPF� VJG[� FGHKPG� VJG� FKCNQIWG
KPVGTCEVKQPU��6JG�'�4�FKCITCO�KU�PQV�WPKSWG�CPF
KV� FGRGPFU� UVTQPIN[� QP� VJG� U[UVGO�FGUKIPGT� CPF
VJG�UGTXKEG�
#HVGT� VJG� FCVCDCUG� CPCN[UKU�� YG� RTQRQUG� C

�DTCKP�UVQTOKPI�� 
FGUKIP� D[� KPVWKVKQP�� QXGT� VJG
'�4�VQ�RTQRQUG�CNVGTPCVKXGU��6JGUG�RTQRQUCNU�CTG
EQPEGTPGF� YKVJ� VJG� IQCNU� VQ� RTQXKFG�� VJG
UGSWGPEG�QH�QHHGTKPI�VJGO�CPF�VJG�KVGOU�VJCV�CTG
PGGFGF� VQ� UCVKUH[� GCEJ� IQCN� 
RKGEGU� QH
KPHQTOCVKQP�VJCV�OWUV�DG�QDVCKPGF�HTQO�VJG�WUGT�
UWEJ� CU� FGRCTVWTG� CPF� CTTKXCN� EKVKGU�� FGRCTVKPI
FCVG��GVE���
6JG� YC[U� VJG� WUGT� ECP� URGEKH[� GCEJ� KVGO� CTG

CNUQ� CP� KORQTVCPV� KUUWG�� (QT� GZCORNG�� HQT� VJG
FGRCTVWTG� RNCEG�� VJG� WUGT� ECP� UC[� VJG� UVCVKQP
PCOG� QT� VJG� EKV[� PCOG�� +P� VJG� UGEQPF� ECUG�� VJG
U[UVGO�UJQWNF�RTQXKFG�VJG�KPHQTOCVKQP�HQT�CNN�VJG
VTCKP�UVCVKQPU�KP�VJCV�EKV[�
6JG� TGUWNV� QH� VJKU� CPCN[UKU� KU� C� VCDNG� QT� YQTM

UJGGV�VJCV�KPENWFGU�CNN�VJG�CNVGTPCVKXGU��6JKU�VCDNG
YKNN�DG�WUGF�CV�PGZV�UVGR�QH� VJG�OGVJQFQNQI[�VQ
EQORWVG� VJG� HTGSWGPE[� QH� GCEJ� CNVGTPCVKXG
EQPEGTPKPI�YKVJ� VJG� IQCNU�� VJG� KPHQTOCVKQP� VJCV
VJG� U[UVGO� OWUV� RTQXKFG�� VJG� YC[U� VJG� WUGT
URGEKHKGU�CP�KVGO��GVE�

4 Design by Observation
+V�CKOU�CV�CPCN[UKPI�WUGT�QRGTCVQT�FKCNQIWGU�KP�C
UKOKNCT� UGTXKEG� CPF� VTCEMKPI� QHH� VJG� QDUGTXGF
GXGPVU�� 6JKU� FGUKIP� RJCUG� GXCNWCVGU� CPF
OGCUWTGU�VJG�KORCEV�QH�VJG�CNVGTPCVKXGU�RTQRQUGF
CV�RTGXKQWU�UVGR�

4.1 Goals analysis
C� 9JKEJ�IQCNU�CTG�OQUV�HTGSWGPVN[�TGSWKTGF�D[

VJG� WUGT�� CPF� YJKEJ� KU� VJG� UGSWGPEG� HQT
CUMKPI�VJGO�

6JG� TGUWNV�QH� VJKU� CPCN[UKU� KU� VJG�PWODGT�QH
VKOGU�VJCV�C�URGEKHKE�IQCN�KU�TGSWKTGF�CPF�KVU
RQUKVKQP�� +P� 6CDNG� ��� VJG� IQCNU� CPCN[UKU� HQT
����ECNN� VTCPUETKRVKQPU� KU�RTGUGPVGF��5GXGTCN
IQCNU� ECP� CRRGCT� KP� VJG� UCOG� ECNN�� +P� QWT
HKPCN� U[UVGO��YG�QHHGT� VJG�IQCNU� VJCV� CRRGCT
KP� OQTG� VJCP� ���� ECNNU�� GZEGRV� +VKPGTCT[

VJGTG� KU� PQ� KPHQTOCVKQP� CDQWV� VJCV� KP� VJG
FCVCDCUG�� CPF� 1VJGTU� 
KV� EQPVCKPU� XGT[
FKHHGTGPV�IQCNU�DWV�PQPG�TGCEJGU������

6CDNG����)QCNU�CPCN[UKU�

2QUKVKQP
�

�UV �PF �TF �VJ �VJ

6KOGVCDNG �� �� � � � �
4QWPF�VTKR

6KOGVCDNG
�� � �� � � �

(CTGU �� � �� �� � �
4GUGTXCVKQPU �� �� � � � �
6TCKP�HTGSWGPE[ � � � � � �
+VKPGTCT[ �� � � � � �
$CTICKPU � � � � � �
1VJGTU �� � � � � �

D� 6JG� KPHQTOCVKQP� IKXGP� D[� VJG� QRGTCVQT� VQ
UCVKUH[�GCEJ�IQCN�

9G� CPPQVCVG� VJGUG� FCVC� 
K�G�� FGRCTVWTG� CPF
CTTKXCN� VKOGU�� VTKR� FWTCVKQP�� VTCKP� V[RG�� GVE��
CPF� VJGKT� KORQTVCPEG� 
PWODGT� QH� VKOGU� VJCV
VJG�QRGTCVQT�RTQXKFGU�GCEJ�KVGO��

4.2 Items analysis
6Q� UCVKUH[� C�IQCN�� VJG� U[UVGO�OWUV� CUM� VJG�WUGT
UQOG� KVGOU�� 6JGUG� KVGOU� JCXG� VQ� DG� CNUQ
CPCN[UGF�CV�VJKU�UVGR�

C� 9JKEJ�KVGOU�CTG�PGGFGF�VQ�UCVKUH[�GCEJ�IQCN

CPF�VJG�UGSWGPEG�HQT�CUMKPI�VJGO�

D� 6Q�ENCUUKH[�KVGOU�CU�OCPFCVQT[�QT�QRVKQPCN�

• /CPFCVQT[�� KV� KU� CP� KVGO� PGGFGF� VQ
UCVKUH[�VJG�IQCN�CPF�OWUV�DG�CUMGF�VQ�VJG
WUGT� 
G�I�� �9JCV� FCVG� CTG� [QW
FGRCTVKPI!���� +H� VJG� WUGT� FQGU� PQV
RTQXKFG� VJKU� KPHQTOCVKQP�� KV� OWUV� DG
CUUKIPGF� C� FGHCWNV� XCNWG� 
G�I�� �VQFC[��
QT� VJG� IQCNU� JCXG� VQ� DG� UCVKUHKGF
FGRGPFKPI�QP�KVU�XCNWG�
G�I��HQT�CNN�FC[U
KP�EWTTGPV�YGGM��

• 1RVKQPCN�� VJG� U[UVGO� FQGU� PQV� CUM� KV� VQ
VJG�WUGT��9JGP�VJG�WUGT�URGEKHKGU� KV�� VJG
RTQXKFGF� KPHQTOCVKQP� UJQWNF�OCVEJ� VJKU
XCNWG�

E� 6Q�ENCUUKH[�GCEJ�KVGO�CU�UKORNG�QT�EQORNGZ�

#�EQORNGZ�KVGO�ECP�DG�FKXKFGF�KPVQ�UGXGTCN
UKORNG� QPGU� 
G�I�� �FGRCTVWTG� FCVG�� ECP� DG



FKXKFGF� KPVQ� &#;�� /106*� CPF� ;'#4��
9KVJ� KUQNCVGF� URGGEJ� TGEQIPKVKQP�� GCEJ
UKORNG� KVGO� PGGFU� QPG� KPVGTCEVKQP�� #
EQPVKPWQWU� URGGEJ� TGEQIPK\GT� EQWNF� IGV
UGXGTCN�UKORNG�KVGOU�UKOWNVCPGQWUN[�

F� 6Q� CPCN[UG� VJG� FKHHGTGPV� YC[U� C� WUGT� ECP

URGEKH[�CP�KVGO�XCNWG�CPF�KVU�KORQTVCPEG�

6CDNG� �� UJQYU� VJG� TGUWNVU� HQT� VJG� FGRCTVWTG
FCVG��#�JKIJ�RGTEGPVCIG�QH�RGQRNG� VTCXGN�QP
EWTTGPV� YGGM� CPF� C� TGNGXCPV� RGTEGPVCIG� FQ
PQV�URGEKH[�CP[�FCVG��DGECWUG�VJG[�LWUV�YCPV
IGPGTCN� VTCXGN� KPHQTOCVKQP� DGVYGGP� VYQ
EKVKGU�������QH�RGQRNG� VTCXGNNGF� KP� VJG�UCOG
OQPVJ� CPF� URGEKHKGF� VJG� FC[� YKVJ� VJG� FC[
PWODGT� 
G�I�� VJG� ��VJ��� ����� QH� RGQRNG
VTCXGNNGF�QP�CPQVJGT�OQPVJ�CPF�URGEKHKGF�VJG
FCVG�D[� VJG�PCOG�QH� VJG�OQPVJ�CPF� VJG�FC[
PWODGT�

6CDNG���#PCN[UKU�HQT�VJG�&GRCTVWTG�&CVG�

%WTTGPV�YGGM
6JKU

OQPVJ

1VJGT

OQPVJ
#P[

VQFC[ �����

VQOQTTQY �����

YGGMFC[ �����

���� ���� �����

G� +VGO�QTFGTKPI�CPF�ITQWRKPI�

1PG� UVGR� KP� VJG� FKCNQIWG� KU� C� ITQWR� QH� KVGOU
VJCV� ECP� DG� CUMGF� VQ� VJG� WUGT� YKVJQWV
EQPHKTOCVKQP��1WT�TGEQOOGPFCVKQPU�CTG�
• 6Q� ITQWR� KVGOU� VJCV� CTG� EQPVKIWQWU� KP� VJG
KVGO� UGSWGPEG� CPF� JCXG� C� UGOCPVKE
TGNCVKQPUJKR�DGVYGGP�VJGO�

• 0QV�VQ�ITQWR�OQTG�VJCP���EQPUGEWVKXG�KVGOU

YKVJQWV�NGCXKPI�UKORNG�KVGOU�CNQPG��

,WUV� QPG� EQPHKTOCVKQP� ECP�XCNKFCVG� C� ITQWR�QH
KVGOU�� 9G� ECP� CNUQ� KPEQTRQTCVG� TGUV� \QPGU� VQ
RTQXKFG�JGNR�QT� C� UWOOCT[�QH� VJG� KPVGTCEVKQP�
6JG� UVGRU� QH� VJG� FKCNQIWG� KORQUG� C� EGTVCKP
TJ[VJO�VQ�VJG�WUGT�U[UVGO�KPVGTCEVKQP�

4.3 Negotiation analysis
6JGTG� KU� C� �PGIQVKCVKQP�� YJGP� VJG� WUGT� JCU� VQ
EJQQUG�QPG�QH�VJG�RQUUKDNG�VTCXGN�QRVKQPU�

C� 9JCV� KPHQTOCVKQP� JGNRU� VJG� WUGT� VQ� VCMG� C
FGEKUKQP�CPF�KVU�KORQTVCPEG�

6CDNG� �� UJQYU� VJG� CPCN[UKU� HQT� PGIQVKCVKQP
ETKVGTKC�� 6JG� PWODGT� QH� EQPPGEVKQPU� KU� CP
KORQTVCPV� HCEVQT�� DWV� KV� FQGU� PQV� CRRGCT
HTGSWGPVN[� KP� WUGT�QRGTCVQT� FKCNQIWGU
DGECWUG� VJG�QRGTCVQT�QPN[�QHHGTU�FKTGEV� VTKRU
YKVJQWV�EQPPGEVKQPU��6TCKP�6[RG�RTQXKFGU�C

JKPV� CDQWV� HCTGU� CPF� VJG� UGTXKEGU� QHHGTGF� KP
VJG�VTCKP��IGPGTCNN[�MPQYP�D[�VJG�WUGT�

6CDNG����%TKVGTKC�CPCN[UKU�HQT�PGIQVKCVKQP�

%TKVGTKC � %TKVGTKC �

&GRCTV��VKOG ���� ��%QPPGEVKQPU ���
#TTKXCN�VKOG ���� %QPPGEVKQP ���
&GRCTV��UVCVKQP ��� %NCUU ����
(CTGU ��� &WTCVKQP ���

6TCKP�6[RG ����

D� 6Q�%JQQUG�VJG�PGIQVKCVKQP�UVTCVGI[�

;QW�ECP�RTGUGPV� VJG�DGUV�QRVKQP�CPF� NGV� VJG
WUGT� CUM� HQT� VJG� RTGXKQWU�PGZV� QPG�� QT� [QW
ECP�RTGUGPV� UGXGTCN� CNVGTPCVKXGU� CV� VJG� UCOG
VKOG�CPF�CUM�VJG�WUGT�VQ�EJQQUG�QPG�QH�VJGO�
+P� VJKU� ECUG�� KV� KU� KORQTVCPV� VQ� CPCN[UG� VJG
PWODGT� QH� CNVGTPCVKXGU� VJG� QRGTCVQT� IKXGU
UKOWNVCPGQWUN[� 
CPF� VJG� WUGT� ECP� OCPCIG��
FWTKPI�VJG�EQPXGTUCVKQP�

+P� VJG�QDUGTXCVKQP�CPCN[UKU�� QPN[�JWOCP�JWOCP
KPVGTCEVKQPU� CTG� EQPUKFGTGF�� CPF� VJG[� ECP� DG
UGXGTGN[� FKHHGTGPV� HTQO� JWOCP�U[UVGO� QPGU�
$GECWUG� QH� VJKU�� JKIJ� NGXGN� FKCNQIWG
EJCTCEVGTKUVKEU� ECP� DG� NGCTPV�� DWV� URGEKHKE
DGJCXKQWTU� YJGP� KPVGTCEVKPI� YKVJ� CP� CWVQOCVKE
U[UVGO�CTG�PQV�FGVGEVGF�
G�I��EJCPIGU�KP�VJG�WUGT
URGCMKPI� TCVG�� WUCIG� QH� HQTOCN� XU�� EQNNQSWKCN
RJTCUGU�� GVE���� 1P� VJG� QVJGT� JCPF�� VJKU� CPCN[UKU
RGTOKVU� VQ� GXCNWCVG� UGXGTCN� CNVGTPCVKXGU�YKVJQWV
JCXKPI�KORNGOGPVGF�CP[�U[UVGO�

5 Design by Simulation
0QY�� VJG� URGEKHKE� EJCTCEVGTKUVKEU� QH� JWOCP�
U[UVGO� KPVGTCEVKQPU� CTG� CPCN[UGF� D[� UKOWNCVKPI
VJG� U[UVGO�YKVJ� C�9K\CTF� QH�1\� CRRTQCEJ��9G
OWUV� HQEWU� QP� VJG� FGUKIP� QH� VJG� FKCNQIWG� HNQY�
VJG� SWGUVKQPU� VQ� CUM� HQT� QDVCKPKPI� VJG� PGGFGF
KVGO� CPF� VJG� KPHQTOCVKQP� VJG� U[UVGO� UJQWNF
RTQXKFG� VQ� UCVKUH[� GCEJ� IQCN�� &KCNQIWG
CNVGTPCVKXGU� CTG� KORNGOGPVGF� CPF� GXCNWCVGF�� +P
VJKU� GXCNWCVKQP�� ��� WUGTU� ECNNGF� VJG� U[UVGO�
EQORNGVGF� �� UEGPCTKQU� CPF� HKNN� C� SWGUVKQPPCKTG�
6JG� GXCNWCVKPI� OGCUWTGU� EQOG� HTQO� U[UVGO
CPPQVCVKQPU� 
TGHGTTGF� CU� 5[UVGO�� CPF� HTQO� WUGT
CPUYGTU� KP� VJG� SWGUVKQPPCKTG� 
TGHGTTGF� CU
3WGUVKQPPCKTG��� YJGTG� VJG� WUGT� CPUYGTU� CDQWV
UWDLGEVKXG� CURGEVU� FKHHKEWNV� VQ� DG� OGCUWTGF� D[
VJG� U[UVGO�� 6JG� WUGT� CPUYGTU� CTG� TGEQTFGF� KP
CWFKQ�HKNGU��6JG�GXCNWCVKPI�OGCUWTGU�YGTG�

5.1 Goal evaluation

C� 6JG� OGCUWTGU� WUGF� VQ� XCNKFCVG� VJG� IQCN
UGSWGPEG�CPF�VJG�IQCN�EQXGTCIG�YGTG�



• 5[UVGO�� PWODGT� QH� VKOGU� C� IQCN� KU
TGSWKTGF�D[�VJG�WUGT�� VKOG�CPF�PWODGT�QH
SWGUVKQPU�
KPVGTCEVKQPU��VQ�UCVKUH[�C�IQCN�

• 3WGUVKQPPCKTG�� PGY� IQCNU� UWIIGUVGF� D[
VJG�WUGT�

5.2 Item evaluation

C� 6Q� FGUKIP� VJG� SWGUVKQPU� CPF� TGEQIPKVKQP
XQECDWNCT[�

• 5[UVGO��PWODGT�QH�VKOGU�VJG�WUGT�MGGRU�KP
UKNGPEG� 
FQGU� PQV� CPUYGT� VJG� U[UVGO
SWGUVKQP�� CPF�� TGEQIPKVKQP� TCVG� HQT� GCEJ
SWGUVKQP� 
KH� C� TGEQIPK\GT� KU� CNTGCF[
CXCKNCDNG��

• 3WGUVKQPPCKTG��JQY�GCU[�KU�KV�VQ�URGEKH[�CP
KVGO�XCNWG�

D� (QT�VJG�KVGO�UGSWGPEG�GXCNWCVKQP�

+P� UQOG� RCTVU� QH� VJG� FKCNQIWG�� UGXGTCN
UGSWGPEGU�QH�SWGUVKQPU� HQT�CUMKPI� VJG� KVGOU
CTG�RTQRQUGF�CPF�TCPFQON[�UGNGEVGF�KP�GCEJ
ECNN��6JG�GXCNWCVKQP�OGCUWTGU�CTG�
• 5[UVGO��YJGP�KV�KU�RQUUKDNG��VJG�5GSWGPEG

4GEQIPKVKQP�4CVG�
544��EQORWVGF�CU� VJG
RTQFWEV� QH� CNN� KPFGRGPFGPV� KVGO
TGEQIPKVKQP�TCVGU�

6CDNG���UJQYU�VJG�UGSWGPEG�CPCN[UKU�HQT�VJG
�FGRCTVWTG� CPF� CTTKXCN� EKVKGU�� 6JG� 544
FKHHGTGPEG�KU�PQV�UKIPKHKECPV��DWV�YG�QDUGTXGF
VJG� HQNNQYKPI�GHHGEV�FWTKPI�WUGT�ECNNU��YJGP
VJG� U[UVGO� CUMU� VJG� #TTKXCN� %KV[� HKTUV�� VJG
WUGT� CUUWOGU� VJCV� VJG� U[UVGO� MPQYU� VJG
&GRCTVWTG� %KV[� CPF� JG�UJG� IGVU� EQPHWUGF
YJGP�VJG�U[UVGO�CUMU�CDQWV�KV��6JKU�GZRNCKPU
VJG� ITGCV� FKHHGTGPEG� DGVYGGP� VJG� KVGO
TGEQIPKVKQP� TCVGU� HQT� VJG� #TTKXCN�&GRCTVWTG
%KV[�UGSWGPEG�

6CDNG����5GSWGPEG�GXCNWCVKQP�HQT�&GRCTVWTG�CPF
#TTKXCN� EKVKGU� 
KVGO� TGEQIPKVKQP� TCVG� CPF
5GSWGPEG�4GEQIPKVKQP�4CVG��

4GEQIPKVKQP�4CVGU�
��
5GSWGPEG �UV�KVGO �PF�KVGO 544

&GRCTV��#TTKXCN�%KV[ ���� ���� ����
#TTKXCN�&GRCTV��%KV[ ���� ���� ����

• 3WGUVKQPPCKTG��CUMKPI� VJG�WUGT� HQT�JKU�JGT
RTGHGTGPEG�

E� #PCN[UKU� QH� FKHHGTGPV� YC[U� VQ� URNKV� EQORNGZ

KVGOU�KPVQ�UKORNG�QPGU�

• 5[UVGO�� PWODGT� QH� KPVGTCEVKQPU� CPF� VKOG
VQ�IGV� C� EQORNGZ� KVGO�� CPF� VJG�5GSWGPEG
4GEQIPKVKQP�4CVG�QH�VJG�UKORNG�KVGOU�

• 3WGUVKQPPCKTG��JQY�GCU[�KU�KV�VQ�URGEKH[�C
EQORNGZ�KVGO�YKVJ�VJG�RTQRQUGF�UGSWGPEG
QH�KPVGTCEVKQPU�

F� *QY� ECP� YG� OCPCIG� VJG� OCPFCVQT[� KVGOU

YJGP�VJG�WUGT�FQGU�PQV�URGEKH[�CP[�XCNWG�HQT

VJGO

9G�UJQWNF�RCTCOGVGTKUG�VJG�KPHQTOCVKQP�D[
VJKU�KVGO�XCNWGU�QT�HKZ�C�FGHCWNV�XCNWG�
• 3WGUVKQPPCKTG��VQ�GXCNWCVG�VJG�DGUV�QRVKQP�

YG�CUM�VJG�WUGT�KP�VJG�SWGUVKQPPCKTG�KH�VJG
KPHQTOCVKQP� IKXGP� D[� VJG� U[UVGO� GZEGGFU
JKU�JGT�GZRGEVCVKQPU�
CPF�KV�KU�PGEGUUCT[�VQ
HKZ�C�FGHCWNV�XCNWG��QT�KV�KU�CFGSWCVG�

5.3 Negotiation
+P�QWT�ECUG��YG�JCXG�FGEKFGF� VQ�RTGUGPV� UGXGTCN
VTCXGN�QRVKQPU�CV�VJG�UCOG�VKOG�CPF�CUM�VJG�WUGT
VQ� EJQQUG� QPG� QH� VJGO�� 4CPFQON[�� VJG� U[UVGO
RTGUGPVU� VJG�QRVKQPU�QPG�D[�QPG�� VYQ�D[� VYQ�QT
VJTGG�D[�VJTGG��(QT�VJG�KPHQTOCVKQP�RTQXKFGF�RGT
QRVKQP�� UGXGTCN� RCVVGTPU� CTG� FGUKIPGF� CPF
TCPFQON[� UGNGEVGF� HQT� GCEJ� ITQWR� QH� QRVKQPU�
6JG�OGCUWTGU�EQPUKFGTGF�HQT�GXCNWCVKQP�YGTG�

• 5[UVGO�� PWODGT� QH� SWGUVKQPU� CPF� VKOG� HQT
PGIQVKCVKQP�

• 3WGUVKQPPCKTG�� 9JCV� KPHQTOCVKQP� JGNRU� VJG
WUGT�VQ�EJQQUG�CPF�PWODGT�QH�QRVKQPU�JG�UJG
ECP�OCPCIG�CV�VJG�UCOG�VKOG�

7UGTU� RTGHGTTGF� VQ� OCPCIG� �� QRVKQPU� CV� VJG
UCOG� VKOG� 
NGUU� KPVGTCEVKQPU�� DWV� PGIQVKCVKQP
VCMGU� OQTG� VKOG�� 9G� FGEKFGF� VQ� MGGR� VJG
PGIQVKCVKQP� KP� C� �� D[� �� DCUKU� TGFWEKPI� VJG
KPHQTOCVKQP� RTQXKFGF� RGT� QRVKQP� VQ� 6TCKP� 6[RG
RNWU�&GRCTVWTG�CPF�#TTKXCN�6KOGU�

6CDNG����0GIQVKCVKQP�CPCN[UKU� KP� VJG� UKOWNCVKQP
UVGR�

0GIQVKCVKQP�CPCN[UKU�
7UGT�3WGUVKQPPCKTG�

��D[�� ��D[�� ��D[��

����� ����� �����

0GIQVKCVKQP�%TKVGTKC

6TCKP
6[RG

&GRCTV�
6KOG

#TTKXCN
6KOG

(CTGU &WTCVKQP

����� ����� ����� ����� ����

(QT�INQDCN�FKCNQIWG�GXCNWCVKQP��YG�RTQRQUG�VJG
HQNNQYKPI�OGCUWTGU�
• 5[UVGO��CXGTCIG�PWODGT�QH�KPVGTCEVKQPU�CPF

VKOG�RGT�ECNN��CPF�TGEQIPKVKQP�TCVG�HQT�CNN�VJG
XQECDWNCTKGU�

• 3WGUVKQPPCKTG�� VJG�WUGT�JCU� VQ�GXCNWCVG� KP�C
UECNG� JQY� HCUV� FKF� VJG� WUGT� QDVCKP� VJG
KPHQTOCVKQP�� JQY� GCU[� YCU� VQ� NGCTP�� YJKEJ
RCTV� YQWNF� [QW� EJCPIG�� CPF� JQY� FQ� [QW
EQORCTG� VJG� U[UVGO� VQ� QVJGT� YC[U� QH
QDVCKPKPI� VJG� UGTXKEG�� YGD�� IQKPI� VQ� VJG
UVCVKQP��GVE�



9JGPGXGT�KV�KU�RQUUKDNG��KV�KU�DGVVGT�VQ�WUG�QPN[
VJG� OGCUWTGU� EQORWVGF� D[� VJG� U[UVGO� DGECWUG
VJG[�CTG�QDLGEVKXG��6JG�SWGUVKQPPCKTG�ECP�PQV�DG
NQPIGT� VJCP� QPG� UJGGV� CPF� UJQWNF� QPN[� CFFTGUU
KUUWGU� VJCV� ECPPQV� DG� TGUQNXGF� D[� CWVQOCVKE
U[UVGO� CPPQVCVKQPU�� UWEJ� CU� UWDLGEVKXG
GXCNWCVKQPU� QT� FGHCWNV� XCNWGU� HQT� OCPFCVQT[
KVGOU�� +H�YG�YCPV� VQ� KPENWFG�OCP[�SWGUVKQPU�� KV
KU� DGVVGT� VQ� FGUKIP� UGXGTCN� SWGUVKQPPCKTGU� VJCV
GXCNWCVG�FKHHGTGPV�CURGEVU��'XGT[�WUGT�UJQWNF�HKNN
QPN[�QPG�QH� VJG�SWGUVKQPPCKTGU�RTQRQUGF��#DQWV
VJG�UEGPCTKQU�VQ�EQORNGVG��KV�KU�KORQTVCPV�VJCV�VJG
WUGTU�ECP�FGHKPG�VJGKT�QYP�UEGPCTKQU�HQT�VGUVKPI�C
ITGCVGT� FKXGTUKV[� QH� UKVWCVKQPU�� 5QOG� UEGPCTKQU
UJQWNF�DG�KORQUGF��KP�QTFGT�VQ�JCXG�GPQWIJ�FCVC
VQ�GXCNWCVG�C�URGEKHKE�UKVWCVKQP�

6JG� 9K\CTF� QH� 1\� RGTOKVU� WU� VQ� CPCN[UG
FKHHGTGPV� FKCNQIWG� FGUKIPU� YKVJQWV� CP[� U[UVGO
KORNGOGPVGF�� /QTGQXGT�� VJG� U[UVGO� FQGU� PQV
PGGF�VQ�EQPHKTO�VJG�KVGO�XCNWGU��UQ�YG�ECP�OCMG
KPFGRGPFGPV�FGUKIPU�HQT�VJG�FKCNQIWG�CPF�HQT�VJG
EQPHKTOCVKQP�OGEJCPKUOU�

1P� VJG� QVJGT� JCPF�� VJG� OCKP� RTQDNGO� KP� VJKU
UVGR�KU�VJG�FKHHKEWNV[�HQT�UKOWNCVKPI�CP�CWVQOCVKE
U[UVGO�� GURGEKCNN[� VJG� CPUYGT� VKOG�� #� RGTUQP
URGPFU�OQTG�VKOG�YJGP�UGNGEVKPI�VJG�KVGO�XCNWGU
VJCP� CP� CWVQOCVKE� U[UVGO�� +V� KU� PGEGUUCT[� VQ
FGXGNQR� VQQNU� VJCV� JGNR� VJG�9K\CTF� VQ� UKOWNCVG
VJG�U[UVGO�KP�C�TGCNKUVKE�YC[�

6 Design by Iterative Improvement

#V�VJKU�UVGR��YG�KORNGOGPV�VJG�HKTUV�XGTUKQP�QH�C
HWNN[� CWVQOCVKE� U[UVGO� KP� CP� KVGTCVKXG� OQFKH[�
CPF�VGUV�RTQEGUU��9KVJ�VJG�9K\CTF�QH�1\��C�HKTUV
XGTUKQP�QH� VJG�FKCNQIWG�HNQY�YCU�FGHKPGF�CPF� KV
YCU� PGEGUUCT[� VQ� FGUKIP� EQPHKTOCVKQP
OGEJCPKUOU� VJCV� VCMG� KPVQ� CEEQWPV� VJG
TGEQIPKVKQP� EQPHKFGPEG�� CP� CPCN[UKU� QH
EQPHKFGPEG�OGCUWTGU�KU�TGSWKTGF�

6.1 Confirmation Strategies
&GRGPFKPI�QP�VJG�PWODGT�QH�KVGOU�VQ�EQPHKTO�
• 1PG�KVGO���
�*CXG�[QW�UCKF�/CFTKF!��
• 5GXGTCN� KVGOU�� 
�&Q� [QW� YCPV� VQ� IQ� HTQO

/CFTKF�VQ�5GXKNNC!��

&GRGPFKPI�QP�VJG�RQUUKDKNKV[�VQ�EQTTGEV�
.CXGNNG�
������

• 'ZRNKEKV� EQPHKTOCVKQP�� VJG� U[UVGO� EQPHKTOU
QPG� QT� UGXGTCN� KVGO�XCNWGU� VJTQWIJ� C� FKTGEV
SWGUVKQP�� 
�+�WPFGTUVQQF�[QW�YCPV� VQ�FGRCTV
HTQO�/CFTKF��+U�VJCV�EQTTGEV!��

• +ORNKEKV� EQPHKTOCVKQP�� VJG� U[UVGO� FQGU� PQV
RGTOKV� VJG�WUGT� C� EQTTGEVKQP�� KV� QPN[� TGRQTVU
CDQWV� VJG� TGEQIPKVKQP� TGUWNV�� 
�;QW�YCPV� VQ
NGCXG� HTQO�/CFTKF��9JGTG�CTG�[QW�CTTKXKPI
CV!��

• 5GOK�KORNKEKV� EQPHKTOCVKQP�� KV� KU� UKOKNCT� VQ
VJG� KORNKEKV� EQPHKTOCVKQP�� DWV� VJG� WUGT� ECP
EQTTGEV�
�;QW�YCPV�VQ�NGCXG�HTQO�/CFTKF��+P
ECUG�QH�GTTQT��UC[�EQTTGEV��QVJGTYKUG��KPFKECVG
[QWT�CTTKXCN�EKV[���

• 0Q� EQPHKTOCVKQP�� VJG� U[UVGO� FQGU� PQV
RTQXKFGU� HGGFDCEM� CDQWV� VJG� TGEQIPK\GF
XCNWG�
K�G��KP�[GU�PQ�SWGUVKQPU��

• +VGO� XCNWG� TGLGEVKQP� CPF� TGRGCV� SWGUVKQP�
YJGP�VJG�EQPHKFGPEG�KU�NQY��VJG�U[UVGO�FQGU
PQV�RTGUGPV�VJG�XCNWG�VQ�VJG�WUGT�CPF�TGRGCVU
VJG� SWGUVKQP� 
�5QTT[�� +� ECP� PQV� WPFGTUVCPF�
9JGTG�CTG�[QW�FGRCTVKPI�HTQO!���

6.2 Confidence Measures in recognition
%QPHKFGPEG� OGCUWTGU� KP� TGEQIPKVKQP� CTG� XG[
WUGHWN� HQT� FGUKIPKPI� VJG� EQPHKTOCVKQPU� 
5VWTO�
������� 6JG� TGEQIPKVKQP� OQFWNG� WUGF� KP� QWT
U[UVGO� KU� C� NCTIG� XQECDWNCT[� VGNGRJQPG� URGGEJ
TGEQIPK\GT��VJCV�ECP�TGEQIPK\G�KUQNCVG�YQTFU�CPF
UKORNG�GZRTGUUKQPU�UWEJ�CU��1P�OQPFC[����0GZV
YGGM�� QT� �+P� VJG� OQTPKPI��� 6JG� TGEQIPK\GT

/CEÈCU�� ����C�� KU� DCUGF� QP� C� J[RQVJGUKU�
XGTKHKECVKQP� CRRTQCEJ�� 6JG� DGUV� HGCVWTGU� HQT
EQPHKFGPEG� CPPQVCVKQP� CTG� EQPEGTPGF� YKVJ� VJG
XGTKHKECVKQP� UVGR� CPF� CTG� DCUGF� QP� 
/CEÈCU�
����D��
• (KTUV�%CPFKFCVG�5EQTG��CEQWUVKE�UEQTG�QH�VJG

DGUV�XGTKHKECVKQP�ECPFKFCVG�
• %CPFKFCVG� 5EQTG� &KHHGTGPEG�� FKHHGTGPEG� QH

CEQWUVKE� UEQTG� DGVYGGP� VJG� �UV� CPF� �PF

XGTKHKECVKQP�ECPFKFCVGU�
• %CPFKFCVG� 5EQTG� /GCP� CPF� 8CTKCPEG�

CXGTCIG�UEQTG�CPF�XCTKCPEG�QXGT�VJG����DGUV
ECPFKFCVG�PCOGU�

• 5EQTG� 4CVKQ�� FKHHGTGPEG� DGVYGGP� VJG� UEQTG
QH� VJG� RJQPG� UGSWGPEG� 
J[RQVJGUKU� UVCIG�
CPF� VJG� UEQTG� QH� VJG� DGUV� ECPFKFCVG� YQTF

XGTKHKECVKQP�UVCIG��

#NN� VJG� HGCVWTGU� CTG� FKXKFGF�D[� VJG�PWODGT�QH
HTCOGU�� 9G� JCXG� EQPUKFGTGF� C� /WNVK�.C[GT
2GTEGRVTQP� 
/.2�� VQ� EQODKPG� VJG� HGCVWTGU� KP
QTFGT� VQ� QDVCKP� C� WPKSWG� EQPHKFGPEG� XCNWG�� +P
VJKU�ECUG�YG�WUG�VJG�HGCVWTGU�FKTGEVN[�CU�KPRWVU�VQ
VJG�/.2��9KVJ� VJKU� UQNWVKQP��C�RTGRTQEGUUKPI� KU
TGSWKTGF� VQ� NKOKV� VJG� F[PCOKE� TCPIG� QH� GCEJ
OGCUWTG� VQ� VJG� 
����� KPVGTXCN�� *GTG�� VJG
PQTOCNK\CVKQP� UECNGU� VJG� HGCVWTGU� WUKPI� VJG
OKPKOWO�CPF�OCZKOWO�XCNWG�QDVCKPGF�HQT�GCEJ



OGCUWTG� KP� VJG� VTCKPKPI� UGV�� 6JG� JKFFGP� NC[GT
EQPVCKPU� QH� ��� WPKVU� CPF� QPG� QWVRWV� PQFG� YCU
WUGF� VQ� OQFGN� VJG� YQTF� EQPHKFGPEG�� &WTKPI
YGKIJV�GUVKOCVKQP��C�VCTIGV�XCNWG�QH���KU�CUUKIPGF
YJGP�VJG�FGEQFGT�EQTTGEVN[�TGEQIPK\GU�VJG�PCOG
CPF� C� XCNWG� QH� ��� YJGP� KPEQTTGEV� TGEQIPKVKQP
QEEWTU�� 6JG� FCVCDCUG� WUGF� KP� VJG� EQPHKFGPEG
GZRGTKOGPVU� KU�DWKNV�YKVJ� VJG�TGUWNVU�QDVCKPGF�KP
VJG� TGEQIPK\GT� GXCNWCVKQP� HQT� C� ������ PCOG
FKEVKQPCT[��+P�VJKU�ECUG�YG�JCXG�������GZCORNGU�
EQPUKFGTKPI������� HQT� VTCKPKPI� VJG�/.2������CU
VJG�GXCNWCVKQP�UGV�CPF�����HQT� VGUVKPI��9G�JCXG
TGRGCVGF�KV�UKZ�VKOGU�RTQXKFKPI�C���4QWPF�4QDKP
VTCKPKPI� VQ� XGTKH[� VJG� TGUWNVU�� +P� VJKU� RCRGT� YG
RTGUGPV�VJG�CXGTCIG�TGUWNVU�QH�VJGUG�GZRGTKOGPVU�
#� ������ QH� YTQPI� TGEQIPK\GF� YQTFU� CTG
FGVGEVGF� CV� ��� HCNUG� TGLGEVKQP� TCVG� 
(KIWTG� ���
TGFWEKPI� VJG�OKPKOWO�ENCUUKHKECVKQP�GTTQT� HTQO
������
TGEQIPKVKQP�GTTQT�TCVG��VQ�������

(KIWTG����(CNUG�CEEGRVCPEG�XU�(CNUG�4GLGEVKQP�

6.3 Confirmation Mechanism design
(QT�FGUKIPKPI�VJG�EQPHKTOCVKQP�OGEJCPKUO��KV�KU
PGEGUUCT[� VQ� RNQV� VJG� EQTTGEV� YQTFU� CPF� GTTQTU
FKUVTKDWVKQPU� CU� C� HWPEVKQP� QH� VJG� EQPHKFGPEG
XCNWG� CPF� VQ� FGHKPG� FKHHGTGPV� EQPHKFGPEG
VJTGUJQNFU�

(KIWTG����$QVVQO�FGVCKN� HQT�'TTQTU�CPF�%QTTGEV

YQTFU�FKUVTKDWVKQPU�XU��EQPHKFGPEG�

9G� JCXG� FGHKPGF� �� NGXGNU� 
�� VJTGUJQNFU�� QH
EQPHKFGPEG�
(KIWTG����
�� 8GT[� *KIJ� %QPHKFGPEG�� VJG� PWODGT� QH

EQTTGEVN[� TGEQIPK\GF� YQTFU� KU� OWEJ� JKIJGT
VJCP�VJG�PWODGT�QH�GTTQTU�

�� *KIJ� %QPHKFGPEG�� VJG� PWODGT� QH� EQTTGEVN[
TGEQIPK\GF�YQTFU�KU�JKIJGT�VJCP�VJG�PWODGT
QH�GTTQTU�

�� .QY� %QPHKFGPEG�� DQVJ� FKUVTKDWVKQPU� CTG
UKOKNCT�� 6JG� U[UVGO� KU� PQV� UWTG� CDQWV� VJG
EQTTGEVPGUU�QH�VJG�TGEQIPK\GF�YQTF�

�� 8GT[�.QY�%QPHKFGPEG��KP�VJKU�ECUG��VJGTG�CTG
OWEJ�OQTG�GTTQTU� VJCP�EQTTGEVN[�TGEQIPK\GF
YQTFU��UQ�YG�TGLGEV�VJG�TGEQIPK\GF�YQTF�CPF
VJG�U[UVGO�OWUV�CUM�CICKP�

(QT� VJG� FGRCTVWTG� CPF� CTTKXCN� EKVKGU� UVGR�� YG
FGHKPG� %.
&�� CPF� %.
#�� CU� FGRCTVWTG�CTTKXCN
EKV[�%QPHKFGPEG�.GXGNU�
%.���&GRGPFKPI�QP�VJG
%.��YG�KORNGOGPVGF�VJG�HQNNQYKPI�EQPHKTOCVKQP
UVTCVGIKGU�

• %.
&���� CPF� %.
#����� KORNKEKV
EQPHKTOCVKQP� QH� DQVJ� KVGOU�� �;QW� YCPV� VQ
VTCXGN�HTQO�/CFTKF�VQ�5GXKNNC��9JGP�FQ�[QW
YCPV�VQ�NGCXG!�

• %.
&����QT�%.
#�����GZRNKEKV�EQPHKTOCVKQP
QH� DQVJ� KVGOU�� �&Q� [QW� YCPV� C� /CFTKF�
5GXKNNC�VTKR!�

• %.
&����QT�%.
#�����GZRNKEKV�EQPHKTOCVKQP
QH� GCEJ� KVGO�� �&Q� [QW�YCPV� VQ� VTCXGN� HTQO
/CFTKF!�

• %.
&���� QT� %.
#����� TGLGEVKQP� QH� GCEJ
KVGO���5QTT[��+�FQ�PQV�WPFGTUVCPF��9JGTG�CTG
[QW�FGRCTVKPI�HTQO!�

7PFGT� JCTF� EQPFKVKQPU�� VJG� U[UVGO� CUMU� VJG
WUGT�VQ�URGNN�VJG�EKV[�PCOG�
5CP�5GIWPFQ��������
+P�VJKU�FGUKIP��YG�JCXG�PQV�EQPUKFGTGF�VJG�UGOK�
KORNKEKV� EQPHKTOCVKQP� DGECWUG� KV� KU� PQV� XGT[
HTKGPFN[�HQT�VJG�WUGT��+P�5GEVKQP������YG�FGUETKDG
VJG�%144'%6�EQOOCPF�VJCV�RGTOKVU� VJG�UCOG
HWPEVKQPCNKV[� YKVJQWV� KPETGCUKPI� VJG� RTQORV
NGPIVJ�

6.4 Confirmation Mechanism
Evaluation

(QT�VJG�KVGTCVKXG�KORTQXGOGPV��KV�KU�PGEGUUCT[�VQ
GXCNWCVG� VJG� EQPHKTOCVKQP�OGEJCPKUOU� KP� QTFGT
VQ� CFLWUV� VJGO� YJGP� YG� EJCPIGU� VJG� FKCNQIWG�
6JG�RTQRQUGF�OGCUWTGU�CTG�
• (QT� +ORNKEKV� EQPHKTOCVKQP�� VJG� TGEQIPKVKQP

TCVG�QDVCKPGF�HQT�GCEJ�KVGO�YJGP�EQORCTKPI
VJG� TGEQTFGF� CWFKQ� HKNGU� CPF� VJG� YQTF� VJCV
YCU�TGEQIPK\GF�CU��UV�ECPFKFCVG�

• (QT� 5GOK�KORNKEKV� EQPHKTOCVKQP�� PWODGT� QH
VKOGU� VJG� WUGT� YCPVU� VQ� EQTTGEV�� +H� VJKU
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PWODGT� KU� JKIJ�� YG� UJQWNF� EJCPIG� VQ� CP
GZRNKEKV� EQPHKTOCVKQP�� QVJGTYKUG��YG� UJQWNF
WUG�CP�KORNKEKV�EQPHKTOCVKQP�UVTCVGI[�

• (QT�'ZRNKEKV� EQPHKTOCVKQP�� PWODGT� QH� VKOGU
VJG� WUGT� FGPKGU� VJG� U[UVGO� RTQRQUCN�� +H� VJKU
PWODGT� KU� NQY� YG� EQWNF� VJKPM� QP� TGNCZKPI
VJG�EQPHKTOCVKQP�UVTCVGI[�VQ�CP�KORNKEKV�QPG�

(QT� CNN� EQPHKTOCVKQPU�� YG� ECP� EQORWVG� VJG
PWODGT�QH�SWGUVKQPU�CPF�VKOG�PGGFGF�VQ�EQPHKTO
VJG�KVGO�XCNWGU�CPF�VJG�PWODGT�QH�VKOGU�VJG�WUGT
FGP[�VJG�U[UVGO�RTQRQUCN��6Q�CPCN[\G�VJG�KORCEV
QH�VJG�EQPHKTOCVKQP�OGEJCPKUOU�KP�VJG�FKCNQIWG
URGGF��VJG�U[UVGO�ECP�EQORWVG�VJG�RGTEGPVCIG�QH
KORNKEKV�XU��GZRNKEKV�EQPHKTOCVKQPU�
UGG�6CDNG����

6.5 Error recovering mechanisms
9JGP� CP� CWVQOCVKE� U[UVGO� WUGU� KORNKEKV
EQPHKTOCVKQPU�� KV� KU� PGEGUUCT[� VQ� FGHKPG� UQOG
OGEJCPKUOU� VQ� RGTOKV� VJG� WUGT� VQ� TGEQXGT� HTQO
U[UVGO�GTTQTU�

56#46� 18'4�� VJKU� EQOOCPF� RGTOKVU� VJG
WUGT�VQ�UVCTV�HTQO�UETCVEJ��+PUVGCF�QH�TGUGVVKPI�CNN
VJG�KVGOU��QWT�U[UVGO�DGIKPU�EQPHKTOKPI�ITQWRU
QH� KVGOU� GZRNKEKVN[� 
FKCNQIWG� UVGRU��� 9JGP� QPG
ITQWR� KU� PQV� EQPHKTOGF�� VJG� U[UVGO� UVCTVU� HTQO
VJCV�RQKPV�
5�����6JG�UGNGEVGF�QRVKQP�KU�CP�+PVGTEKV[�VTCKP�����
7����UVCTV�QXGT�
5���.GV�WU�UVCTV�VJG�ECNN��&Q�[QW�YCPV�VQ�IQ�HTQO
/CFTKF�VQ�$CTEGNQPC!�
7����[GU�
5�����&Q�[QW�YCPV�VQ�VTCXGN�QP���VJ�QH�,WN[!�
7����0Q�
5�����&Q�[QW�YCPV�VQ�NGCXG�VJKU�YGGM��PGZV�YGGM
QT�NCVGT!�

%144'%6�� 9JGP� VJG� U[UVGO� OCMGU� C
OKUVCMG� CPF� VCMGU� C� YTQPI� KVGO� XCNWG� CU� TKIJV

KP� CP� KORNKEKV� EQPHKTOCVKQP��� VJG� WUGT� ECP
EQTTGEV� VJG� U[UVGO� D[� UC[KPI� VJKU� EQOOCPF� CV
CP[� RQKPV� QH� VJG� FKCNQIWG�� +P� VJKU� ECUG�� VJG
U[UVGO�CUMU�CICKP�VJG�NCUV�KPVTQFWEGF�KVGO�
9JGP� EQPUKFGTKPI� VJGUG� EQOOCPFU�� UQOG
CURGEVU�OWUV�DG�MGRV�KP�OKPF�
• 6JG� UGNGEVGF� EQOOCPFU� OWUV� DG� XGT[

FKHHGTGPV� HTQO� VJG� YQTFU� EQPVCKPGF� KP� VJG
TGEQIPKVKQP�XQECDWNCTKGU��DWV�KV�OWUV�DG�XGT[
HTKGPFN[�VQ�VJG�WUGT�

• 6JG�UGPVGPEG�WUGF�D[�VJG�U[UVGO�VQ�TGRQTV�VQ
VJG�WUGT� VJG�TGEQIPKVKQP�QH� VJGUG�EQOOCPFU
JCU� VQ� DG� ECTGHWNN[� FGUKIPGF� VQ� RGTOKV� C
UOQQVJ�VTCPUKVKQP�KP�VJG�FKCNQIWG�

• +V�KU�PGEGUUCT[�VQ�URGEKH[�VJG�FKCNQIWG�RQKPVU
YJGTG� VJG� U[UVGO� UJQWNF� TGRQTV� VQ� VJG� WUGT

CDQWV� VJGUG� RQUUKDKNKVKGU�� G�I�� KP� VJG� KPKVKCN
JGNR� CPF� KP� VJG� JGNR� RTQXKFGF� YJGP� VJG
U[UVGO�FGVGEVU�RTQDNGOU�KP�VJG�KPVGTCEVKQP�

9JGP� QPG� QH� VJGUG� EQOOCPFU� KU� TGEQIPK\GF�
VJG� EQPHKTOCVKQP� UVTCVGIKGU� JCXG� VQ� DG� OQTG
RGUUKOKUV� CDQWV� VJG� EQPHKFGPEG� DGECWUG� QPG
GTTQT�� TGEQIPK\KPI� VJGUG� EQOOCPFU�� ECP
RTQFWEGU�FGNC[U�KP�VJG�KPVGTCEVKQP�

6.6 User-Modelling
6JG� WUGT� OQFGNNKPI� VGEJPKSWG� CRRNKGF� KU� DCUGF
QP�
8GNFJWKL\GP�XCP�<CPVGP��������WUKPI���WUGT
UMKNN� NGXGNU�� &GRGPFKPI� QP� EWTTGPV� NGXGN�� VJG
RTQORV�UGPVGPEGU�CTG�ENGCTGT�
VJG[�EQPVCKP�OQTG
KPHQTOCVKQP� CDQWV� JQY� VJG� WUGT� UJQWNF� CPUYGT�
RQUUKDNG� XCNWGU�� GVE����� QT� VJG� U[UVGO� RTQXKFGU
OQTG� QT� NGUU� KPHQTOCVKQP� RGT� VKOG� WPKV�� 6JG
NGXGNU�EQPUKFGTGF�CTG�

• �UV� NGXGN�� 6JG� RTQORVU� GZRNCKP� JQY� VQ
KPVGTCEV�YKVJ�VJG�U[UVGO��VJG�CUMGF�KVGO��VJG
RQUUKDNG�CEEGRVGF�XCNWGU�CPF�JQY�VQ�URGEKH[
QPG� QH� VJG� VJGO� 
HQT� VJG� RGTKQF� QH� VJG� FC[�
�2NGCUG�URGCM�CHVGT�VJG�VQPG��5C[�VJG�RGTKQF
QH� VJG� FC[� [QW� YCPV� VQ� VTCXGN� KP�� KP� VJG
OQTPKPI�� KP� VJG� CHVGTPQQP� QT� KP� VJG
GXGPKPI����

• �PF� NGXGN�� 6JG� RTQORVU� KPENWFG� VJG� KVGO
PGGFGF�� VJG� CEEGRVGF� XCNWGU� HQT� KV� CPF� VJG
YC[�VQ�URGEKH[�VJGO��
�5C[�VJG�RGTKQF�QH�VJG
FC[�[QW�YCPV�VQ�VTCXGN�KP��KP�VJG�OQTPKPI��KP
VJG�CHVGTPQQP�QT�KP�VJG�GXGPKPI���

• �TF�NGXGN��1PN[�VJG�TGSWKTGF�KVGO�KU�KPENWFGF
KP� VJG� RTQORV�� 
�5C[� VJG� RGTKQF� QH� VJG� FC[
[QW�YCPV�VQ�VTCXGN�KP���

• �VJ� NGXGN�� 6JG� WUGT� MPQYU� GXGT[VJKPI� 
VJG
CEEGRVGF�XCNWGU�CPF� VJG�YC[� VQ�URGEKH[�QPG
QH� VJGO�� CPF� YG� ECP� TGNCZ� VJG� SWGUVKQP

�9JGP�FQ�[QW�YCPV�VQ�NGCXG!���

%WTTGPV� NGXGN� FGRGPFU� QP� VJG� KPKVKCN� UVCVG�� VJG
PWODGT� QH� GTTQTU� CPF� RQUKVKXG� EQPHKTOCVKQPU
CNQPI� VJG� KPVGTCEVKQP�� +P� QWT� ECUG�� VJG� U[UVGO
UVCTVU� CV� VJG� �PF� NGXGN� 
CHVGT� RTQXKFKPI� C� IGPGTCN
GZRNCPCVKQP� CDQWV� JQY� VQ� KPVGTCEV� YKVJ� VJG
U[UVGO��� 9JGP� UGXGTCN� GTTQTU� 
QT� RQUKVKXG
EQPHKTOCVKQPU�� QEEWT�� VJG� U[UVGO� FGETGCUGU� 
QT
KPETGCUGU�� VJG� NGXGN�� 6JG� PWODGT� QH� GTTQTU� QT
RQUKVKXG� EQPHKTOCVKQPU� VJCV� HQTEGU� C� EJCPIG
FGRGPFU� QP� EWTTGPV� NGXGN�� 6JWU�� VJG� U[UVGO
CFCRVU� F[PCOKECNN[� VJG� KPVGTCEVKQP� VQ� VJG� WUGT
UMKNN�� OCMKPI� OQTG� GZRNKEKV� SWGUVKQPU� YJGP
TGEQIPKVKQP�GTTQTU�QEEWT�

'ZCORNG�
=6JG�U[UVGO�KU�KP�VJG�NGXGN��?



5���5C[�VJG�RGTKQF�QH�VJG�FC[�[QW�YCPV�VQ�VTCXGN
KP��
7����#HVGT�NWPEJ�
=6JG�U[UVGO�TGEQIPK\GU��KP�VJG�GXGPKPI�?
5�����*CXG�[QW�UCKF�KP�VJG�GXGPKPI!�
7����0Q�
=6JG�U[UVGO�FGETGCUGU�VJG�NGXGN�HTQO���VQ��?
5����5C[�VJG�RGTKQF�QH�VJG�FC[�[QW�YCPV�VQ�VTCXGN
KP�� KP� VJG� OQTPKPI�� KP� VJG� CHVGTPQQP� QT� KP� VJG
GXGPKPI��
7����+P�VJG�CHVGTPQQP�

9JGP� VJG�WUGT�OCMGU� UGXGTCN� UEGPCTKQU� KP� VJG
UCOG� ECNN�� VJG� U[UVGO� EQWNF� UVCTV� VJG� PGY
UEGPCTKQ� QPG� NGXGN� JKIJGT� VJCP� VJG� NGXGN� CV� VJG
GPF�QH�VJG�RTGXKQWU�QPG��6JKU�KU�RQUUKDNG�DGECWUG
YJGP� VJG� WUGT� JCU� FQPG� C� EQORNGVG� UEGPCTKQ� KV
OGCPU�VJCV�VJG�WUGT�JCU�CPUYGTGF�UWEGUUHWNN[�VJG
U[UVGO�SWGUVKQPU�QPEG�
(QT� UKORNKEKV[�� YG� JCXG� PQV� OCFG� VJG

EQPHKTOCVKQP� UVTCVGIKGU� VQ� FGRGPF� QP� VJG� WUGT
CDKNKV[� NGXGN� DWV� KV� EQWNF� DG� RQUUKDNG� TGFGHKPKPI
VJG�EQPHKTOCVKQP�OGEJCPKUO�KP�GCEJ�NGXGN�
%QPUKFGTKPI�VJKU�WUGT�OQFGNKPI�VGEJPKSWG��QPG

KPVGTGUVKPI�OGCUWTG� VQ� GXCNWCVG� VJG� CFCRVCDKNKV[
QH�VJG�U[UVGO�CTG�VJG�CXGTCIG�CDKNKV[�NGXGN�FWTKPI
VJG�KPVGTCEVKQP�
UGG�6CDNG����

7 Field Evaluation
+P�VJKU�GXCNWCVKQP�����WUGTU�ECNNGF�VJG�U[UVGO�HQT
EQORNGVKPI� �� UEGPCTKQU� 
���� ECNNU��� 6JG
GXCNWCVKPI� OGCUWTGU� EQOG� HTQO� VJG� U[UVGO
CPPQVCVKQPU�
VCDNG����CPF�HTQO�WUGT�CPUYGTU�KP�C
SWGUVKQPPCKTG�
VCDNG����

6CDNG����/GCUWTGU�ECNEWNCVGF�D[�VJG�U[UVGO�

/GCUWTG 8CNWG

%CNN�FWTCVKQP�
UGEQPFU� ���
0WODGT�QH�SWGUVKQPU�RGT�ECNN ����
��QH�KORNKEKV�EQPHKTOCVKQPU ����
0WODGT�QH�56#46�18'4�EQOOCPFU ����
0WODGT�QH�%144'%6�EQOOCPFU ����
#XGTCIG� 7UGT�/QFGNKPI� NGXGN� CNQPI
VJG�ECNNU

����

&WTCVKQP�QH�0GIQVKCVKQP
UGEQPFU� ��

������ QH� VJG� ECNNU� CUMGF� KPHQTOCVKQP� QH� VJG
VYQ� NGIU� KP� C� TQWPF�VTKR� CPF� ������ EQORNGVGF
VJG� TGUGTXCVKQP� HQT� UKPING�QT� TQWPF�VTKRU��#U�YG
ECP� UGG�� CXGTCIG� ECNN� FWTCVKQP� KU� ���� UGEQPFU�
JKIJGT� VJCP� KP� VJG� QRGTCVQT� DCUGF� UGTXKEG� 
���
UGEQPFU���DWV�UKOKNCT�VQ�QVJGT�CWVQOCVKE�UGTXKEGU

$CIIKC���������#DQWV�VJG�TGEQIPKVKQP�TCVGU��YG
IQV�OQTG� VJCP�����HQT� UOCNN�XQECDWNCTKGU� 
NGUU
VJCP����YQTFU�GZRTGUUKQPU��YGGMFC[U��RGTKQF�QH

VJG�FC[������(QT�FGRCTVWTG�CPF�CTTKXCN�EKVKGU�
����
YQTFU� XQECDWNCT[��� YG� QDVCKPGF� �����
TGEQIPKVKQP�TCVG�HQT�KP�XQECDWNCT[�EKVKGU�CPF�PQV
TGLGEVGF�CPUYGTU������QH� VJG�YTQPI�ECUGU�YGTG
UQNXGF�YKVJ�VJG�UGEQPF�ECPFKFCVG�CPF�����YKVJ
VJG� URGNNGF� PCOG� TGEQIPKUGT�� (QT� VJG� TGOCKPKPI
ECUGU��OQTG�KPVGTCEVKQPU�YGTG�PGEGUUCT[�

+P� VJGUG� GZRGTKOGPVU�� YG� IQV� ����� QWV�QH�
XQECDWNCT[� EKVKGU�� FGVGEVKPI� ���� QH� VJG� ECUGU
YKVJ� VJG� URGNNGF� PCOG� TGEQIPK\GT�� (QT� VJG
TGOCKPKPI� ���� ECUGU�� VJG� WUGT� JWPI� WR� CHVGT
UGXGTCN�VTKCNU�

9G�CUMGF�VJG�WUGT�HQT�JKU�JGT�RTGHGTGPEG�YJGP
QDVCKPKPI�VTCKP�KPHQTOCVKQP��������QH�VJG�RGQRNG
RTGHGTTGF� VJG� U[UVGO�� ������ RTGHGTTGF� YGD
CEEGUU� CPF�PQDQF[�RTGHGTTGF� VQ�IQ� VQ� VJG� VKEMGV
QHHKEG�

6CDNG����/GCUWTGU� 
QWV�QH����QDVCKPGF� HTQO� VJG
SWGUVKQPPCKTG�

/GCUWTG 5EQTG

7UGT� GZRGTKGPEG� KP� VJGUG� MKPF� QH
U[UVGOU�

���

6JG�U[UVGO�WPFGTUVCPFU�YJCV�+�UC[� ���
+�WPFGTUVCPF�YJCV�VJG�U[UVGOU�UC[U� ���
+�IGV�VTCKP�KPHQTOCVKQP�HCUV� ���
6JG�U[UVGO�KU�GCU[�VQ�NGCTP� ���
+P� ECUG� QH� GTTQT� VJG� EQTTGEVKQP� YCU
GCU[�

���

6JG�U[UVGO�CUMU�OG�KP�C�NQIKECN�QTFGT� ���
)GPGTCNN[��KV�KU�C�IQQF�U[UVGO� ���

6JG� FKCNQIWG� RQKPV� YKVJ� OQTG� RTQDNGOU� YCU
VJG� FGRCTVKPI� FCVG� URGEKHKECVKQP�� DGECWUG� YG
WUGF� KUQNCVGF� URGGEJ� TGEQIPKVKQP� CPF� KV� PGGFU
UGXGTCN� KPVGTCEVKQPU� VQ� IGV� C� FCVG�� 5[UVGO
KPVGNNKIKDKNKV[� QDVCKPGF� C� UEQTG� QH� ���� 
QWV� QH� ��
FWG� VQ� QWT� TGUVTKEVGF�FQOCKP� HGOCNG�XQKEG
U[PVJGUKU� 
/QPVGTQ�� ������� 6JG� FKCNQIWG� HNQY
QDVCKPGF� VJG� DGUV� UEQTG� 
����� DGECWUG� QH� VJG
FGVCKNGF�CPCN[UKU�RGTHQTOGF�

8 Conclusions and Future Work
+P�VJKU�YQTM��YG�RTQRQUG�C�PGY�OGVJQFQNQI[�HQT
FGUKIPKPI� FKCNQIWG� OCPCIGTU� KP� CWVQOCVKE
VGNGRJQPG�DCUGF� URQMGP� UGTXKEGU�� 6JKU
OGVJQFQNQI[�JCU�DGGP�UWEEGUUHWNN[�CRRNKGF�VQ�C
VTCKP� KPHQTOCVKQP� U[UVGO� HQT� 5RCPKUJ�� #
EQODKPCVKQP�QH�UGXGTCN�UQWTEGU�QH�KPHQTOCVKQP�KU
RTQRQUGF�� KPVWKVKQP�� QDUGTXCVKQP� CPF� UKOWNCVKQP
HQT� FGHKPKPI� CPF� GXCNWCVKPI� UGXGTCN� FKCNQIWG
UVTCVGIKGU�� CPF� EJQQUKPI� VJG� DGUV� QPG�� 6JG� HKTUV
UVGRU� CTG� FCVCDCUG� CPCN[UKU� 
'�4� FKCITCO�� CPF
FGUKIP� D[� KPVWKVKQP�� YJGTG� C� �DTCKP�UVQTOKPI�



QXGT� VJG� '�4� KU� RGTHQTOGF� HQT� RTQRQUKPI
FKHHGTGPV� FKCNQIWG� CNVGTPCVKXGU� CPF� HQT� FGHKPKPI
CP� GXCNWCVKQP� VCDNG�� +P� FGUKIP� D[� QDUGTXCVKQP�
YG� GXCNWCVG� GCEJ� RTQRQUCN� WUKPI� WUGT�QRGTCVQT
FKCNQIWG� VTCPUETKRVKQPU�� YKVJQWV� JCXKPI� CP[
U[UVGO� KORNGOGPVGF�� 6JG� NKOKVCVKQP� QH� VJG
QDUGTXCVKQP� UVGR� KU� VJCV� JWOCP�JWOCP
KPVGTCEVKQPU� CTG� FKHHGTGPV� HTQO� JWOCP�U[UVGO
QPGU�� 6JKU� RTQDNGO� KU� UQNXGF� D[� VJG�9K\CTF� QH
1\��VJCV�UKOWNCVGU�VJG�JWOCP�U[UVGO�KPVGTCEVKQP�

+P� FGUKIP� D[� KVGTCVKXG� KORTQXGOGPV�� YG
FGUETKDG�CP�CRRTQCEJ� VQ� KPEQTRQTCVG� TGEQIPKVKQP
EQPHKFGPEG�OGCUWTGU�HQT�FGHKPKPI�CPF�OCPCIKPI
VJG� EQPHKTOCVKQP� OGEJCPKUOU�� (QT� CNN
XQECDWNCTKGU�� VJKU� CRRTQCEJ� QDVCKPGF� C
TGEQIPKVKQP� TCVG� JKIJGT� VJCP� ����� 6YQ
OGEJCPKUOU� HQT� GTTQT� TGEQXGTKPI� CTG� FGUETKDGF�
5VCTV�1XGT� CPF� %QTTGEV�� 7UGT�OQFGNNKPI
VGEJPKSWGU� CTG� KPEQTRQTCVGF� HQT� CFCRVKPI� VJG
U[UVGO�F[PCOKECNN[�VQ�VJG�WUGT�CDKNKV[�

9KVJ� VJKU� RTQRQUGF� OGVJQFQNQI[�� YG� JCXG
KORNGOGPVGF� C� HWNN[� CWVQOCVKE� U[UVGO� YKVJ� C
IQQF�WUGT�CEEGRVCDKNKV[��OGCP�ECNN�FWTCVKQP�YCU
���� U�� UKOKNCT� VQ� 
$CIIKC�� ������� 6JG� WUGTU
XCNKFCVGF� VJG� CRRNKECDKNKV[� CPF� WUCDKNKV[� QH� VJG
U[UVGO�IKXKPI�C�IGPGTCN�UEQTG�QH�����
QWV�QH����

+P� C� HWVWTG� YQTM�� YG� YKNN� CRRN[� VJKU
OGVJQFQNQI[�VQ�FGXGNQR�CWVQOCVKE�U[UVGOU�YKVJ
EQPVKPWQWU� URGGEJ� TGEQIPKVKQP� CPF
WPFGTUVCPFKPI�OQFWNGU�
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