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!UGMENTATIVE� AND� !LTERNATIVE� #OMMUNICATION� �!!#	� IS� A� CLINICAL� RESEARCH� AREA� THAT� FOCUSES� ON� THE
UNDERSTANDING�OF�COMMUNICATION�DISORDERS�AND�THE�DEVELOPMENT�OF�INTERVENTIONS�FOR�THEM���!LL�INTERVENTIONS�CAN
BE�DESCRIBED�IN�TERMS�OF�AN�ABSTRACTION�CALLED�AN�!!#�SYSTEM���!�COMPONENT�OF�MANY�!!#�SYSTEMS�IS�AN�!!#
DEVICE� � A� PHYSICAL� ENTITY� THAT� MUST� BE� DESIGNED� AND� CONSTRUCTED�� WHICH� PROVIDES� ANOTHER� MODE� OF
COMMUNICATION� TO� ITS� USER� �ALBEIT� AN� AIDED� MODE� OF� COMMUNICATION	�� � 4HERE� IS� A� WIDE� RANGE� OF� TECHNICAL
SOPHISTICATION�IN�!!#�DEVICES��RANGING�FROM�A�LAMINATED�PIECE�OF�PRINTED�CARDBOARD�TO�A�HIGHEND�LAPTOP�OR�TABLET
RUNNING� SOPHISTICATED� SOFTWARE�� � )N� MANY� CASES�� TECHNICAL� SOPHISTICATION� IS� NOT� CORRELATED� WITH� THE� ACTUAL
USEFULNESS�OF� THE�DEVICE�� �&URTHERMORE�� THE�USEFULNESS�OF�ALL�DEVICES�OR�SYSTEMS�� IN�AT� LEAST� SOME� INSTANCES� FOR
THEIR�USERS��IS�STILL�QUITE�UNSATISFACTORY��SINCE�FACETOFACE�LINGUISTIC�COMMUNICATION�IS�FREQUENTLY�MUCH�TOO�SLOW�
AND�THE�BREAKDOWN�OF�COMMUNICATION�IS�COMMONPLACE���4HESE�PROBLEMS�HAVE�LONG�BEEN�ACKNOWLEDGED��3HEIN�ET
AL�������	��AND�THE�RESEARCH�GOAL�REMAINS�TO�GAIN�INSIGHT�INTO�THE�COMPLEX�INTERRELATIONSHIP�BETWEEN�THE�MODES�OF
COMMUNICATION�AND�THE�TYPES�OF�COMMUNICATIVE�PROCESSES�SUPPORTED�BY�THEM�

/NE�HYPOTHESIZED�IMPROVEMENT�IS�TO�SUPPORT�THE�USE�OF�MULTIPLE�MODES�RATHER�THAN�TO�IMPROVE�INCREMENTALLY�THE
RATE�OR�QUALITY�OF�INPUT�THAT�USERS�CURRENTLY�SUPPLY�TO�!!#�DEVICES���"UT�THE�OBJECTIVE�OF�SUPPORTING� THE�USE�OF
MULTIPLE� MODES � IS� AMBIGUOUS�� SHOULD� THE� NUMBER� OF� INPUT� MODES� TO� THE� DEVICE� BE� INCREASED� TO� WIDEN� THE
INFORMATION�BANDWIDTH �� OR� SHOULD� THE�DESIGN�OF� THE�!!#�DEVICE� �WHICH� PROVIDES� ACCESS� TO� A� PREVIOUSLY
UNAVAILABLE�� LINGUISTIC� MODE� OF� COMMUNICATION� � BE� MODIFIED� TO� IMPROVE� THE� EFFECTIVENESS� OF� THE� OVERALL
REPERTOIRE�OF�MODES���)N�THIS�PAPER��THE�LATTER�INTERPRETATION��RATHER�THAN�THE�FORMER��IS�ADVOCATED��AND�AN�APPROACH
TO�THIS�REDESIGN�IS�PRESENTED�

%XISTING�COMPUTERBASED�AND�LINGUISTICALLYSOPHISTICATED�!!#�DEVICES��SEE�.EWELL������	�FOR�AN�OVERVIEW	�
EVEN�THOSE�EMPLOYING�SOPHISTICATED�NATURAL�LANGUAGE�PROCESSING��.,0	�TECHNIQUES��#OPESTAKE��������-C#OY�ET
AL�������	� �IMPLICITLY�ESPOUSE�A�GREEDY�APPROACH�TO�THE�NUMBER�AND�COMPLEXITY�OF�INPUT�ACTIONS�REQUIRED��THE
MORE� INPUT� THAT� CAN� BE� PROVIDED�� THE� BETTER � THE�AIDED�MODE� �E�G��� LONGER� AND�OR�MORE� COMPLEX� SYNTHESIZED
SPOKEN�UTTERANCES�CAN�BE�PRODUCED	���4HE�COMMUNICATION�DEVICE�IS�OFTEN�PHYSICALLY�FATIGUING�TO�USE���!LSO��THE
STYLE�OF�INTERACTION�DEMANDED�BY�THE�DEVICES�REQUIRES�THE�USE�OF�UNAIDED�MODES�OF�COMMUNICATION��EVEN�WHEN
THAT� MODE� COULD� BE� USED� INSTEAD� TO� COMMUNICATE� UNAIDED�� � &OR� EXAMPLE�� TO� PRODUCE� HIS� OR� HER� NEXT
COMMUNICATION�ACT�IN�A�TIMELY�MANNER��AN�AIDED�COMMUNICATOR�MUST�ANTICIPATE�HIS�OR�HER�NEXT�TURN�AND�START�TO
COMPOSE�THE�NEXT�UTTERANCE�� �4O�DO�SO��HE�OR�SHE�MUST�LOOK�DOWN�AT�THE�DISPLAY�OF� THE�!!#�DEVICE� �WHICH�IS
TYPICALLY�HELD� IN� FRONT�OF� THE�USER�� PLACED�ON�A� TABLE� TOP�� OR�MOUNTED� TO� THE�WHEELCHAIR� FRAME	�� � "UT� TO� DO� SO
INTERFERES�WITH�ANOTHER�IMPORTANT�USE�OF�THE�MODE�OF�EYE�GAZE� �TO�REGULATE�THE�DISCOURSE�FUNCTION�OF�TURN�TAKING�
4HE�FACT�THAT�THE�USE�OF�A�MODE�FOR�ONE�PURPOSE��E�G���TO�PROVIDE�INPUT�ACTIONS�TO�THE�!!#�DEVICE	�CAN�INTERFERE
WITH�ANOTHER�IMPORTANT�USE�OF�THAT�SAME�MODE��E�G���TO�REGULATE�TURNTAKING	�IS�AN�OBSTACLE�THAT�INTERVENTIONS�FOR
COMMUNICATION�DISORDERS�MUST�OVERCOME���4HE�ADEQUATE�AVAILABILITY�OF�MODES�OF�COMMUNICATION�IS�ESSENTIAL�TO
SUPPORT� COMMUNICATIVE� PROCESSES�� �7ITH� INSUFFICIENT� SUPPORT�� LINGUISTIC� COMMUNICATION� IS� NOT� POSSIBLE�� WITH
WORSE� SUPPORT�� COMMUNICATION� PROCESSES� CAN� BREAK� DOWN� COMPLETELY�� � "UT� HERE� IS� THE� PARADOX� FOR� !!#
DESIGNERS�� � TO�GAIN� SUPPORT� FOR� COMMUNICATIVE� PROCESSES� �E�G��� IN� THE� FORM� OF� AN�AIDED�MODE	�� THE� EROSION� OF
EXISTING�SUPPORT�IS�REQUIRED��E�G���THE�UNDERMINING�OF�THE�USE�OF�THE�UNAIDED�MODES	��%FFECTIVE�COMMUNICATION�IS
BEST�ACCOMPLISHED�BY�THE�USE�OF�A�REPERTOIRE�OF�MODES�WORKING�IN�CONCERT�TOGETHER� �INCLUDING�BOTH�THE�AIDED
MODE�AND�THE� NATIVE ��UNAIDED	�MODES�� IT� IS�SUBOPTIMAL�FOR� THE�DEVICE� INTERFACE� TO�REQUIRE�THE�USE�OF� CERTAIN
MODES�AT�CERTAIN�TIMES��IF�THAT�REQUIREMENT�CONFLICTS�AND�COMPETES�WITH�OTHER�USES�OF�THE�COMMUNICATION�MODES�

4HE�PERSPECTIVE�TAKEN�HERE� IS� THAT� THESE� TRADEOFFS�CAN�BE�FORMALIZED��AND�THE�INTERRELATIONSHIP�BETWEEN���	� THE
MODES�OF�COMMUNICATION�THAT�AN�INDIVIDUAL�CAN�USE��INCLUDING�BOTH�AIDED�AND�UNAIDED�MODES	�AND���	�THE�TYPES
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OF�COMMUNICATIVE�PROCESSES� THAT�ARE�SUPPORTED�CAN�BE�MODELED�COMPUTATIONALLY�� �7E�HAVE�DEFINED� FORMALLY� A
REPRESENTATION�FOR�MULTIMODAL�COMMUNICATIVE� ACTS� AND�HAVE�DEVELOPED�A�METHODOLOGY� FOR� CODING�MULTIMODAL�
FACETOFACE� COMMUNICATION� FOR�ANALYSIS�� �4HE�REPRESENTATION�WAS�DESIGNED�TO�BE� DESCRIPTIVE� OF� DATA� COLLECTED
EMPIRICALLY� AS� WELL� AS� DATA� PRODUCED� BY� COMPUTATIONAL� SIMULATIONS�� � � !� FORMAL�� ABSTRACT� MODEL� HAS� BEEN
DEVELOPED�WITH�PARAMETERS�TO�REPRESENT�

•� THE�SEMANTIC�CONTENT�TO�BE�CONVEYED�

•� THE�PRAGMATIC�GOALS�OF�THE�COMMUNICATIVE�TURN�

•� THE�CHARACTERISTICS�OF�THE�MODES�AVAILABLE�FOR�COMMUNICATION�

•� THE�INTERDEPENDENCIES�AMONG�THE�VARIOUS�MODES�OF�COMMUNICATION�

4HE�IMPLEMENTATION�OF�THIS�FORMAL�MODEL�HAS�BEEN�USED�IN�A�SIMULATION�TO�PRODUCE�CHARACTERIZATIONS�OF�THE�TYPES
OF� POTENTIAL�MULTIMODAL� UTTERANCES� AN�!!#� SYSTEMUSER�MIGHT� PRODUCE� UNDER� THE� CONDITIONS� SPECIFIED� BY� THE
PARAMETER�VALUES��"ALJKO������	���4HESE�CHARACTERIZATIONS�ARE�REPRESENTED�BY�SETS�OF�THE�REPRESENTATIONS�DESCRIBED
ABOVE�� &URTHERMORE�� WHAT� IS� INTUITIVELY� DESCRIBED� AS� SYNERGY� IN�MULTIMODAL� COMMUNICATION� CAN� BE� FORMALLY
DEFINED� IN� TERMS� OF� PARTICULAR� CHARACTERISTICS� IN� THESE� REPRESENTATIONS� OF� MULTIMODAL� COMMUNICATIVE� ACTS� �AND
WHICH�ARISE�UNDER�THE�EXPECTED�CIRCUMSTANCES	���4HE�FORMAL�MODEL�WAS�IMPLEMENTED�USING�CONSTRAINT�SATISFACTION
PROGRAMMING��� )N� THE�RESEARCH�PRESENTED�HERE�� IT�IS�SHOWN�HOW�BY�VARYING�THE�PARAMETER�VALUES� �IN�PARTICULAR�
THOSE�RELATED�TO�THE�MODES�OF�COMMUNICATION	��THESE�SIMULATIONS�CAN�REVEAL�THE�IMPACT�OF�VARIOUS�!!#�DEVICES
ON�THE�SUPPORTED�COMMUNICATIVE�PROCESSES�

4O�DATE��WE�HAVE�MET�OUR�PRIMARY�GOAL�THAT�THE�MODEL�BE�DESCRIPTIVE� � THAT�IT�ACCOUNTS�FOR�THE�EMPIRICAL�DATA
THAT� WE� HAVE� GATHERED� AND� THE� FINDINGS� FROM� THE� RELEVANT� RESEARCH� LITERATURE�� � 4HE� VALIDITY� OF� THE� MODEL� IS
CURRENTLY�UNDER�EVALUATION��THROUGH�A�COMPARISON�OF�THE�DATA�PRODUCED�BY�THE�MODEL�WITH�EMPIRICAL�DATA�GATHERED
FROM�DIGITIZED�VIDEO�THAT�HAS�BEEN�HANDCODED�BY�MULTIPLE�JUDGES�

!CKNOWLEDGEMENTS
4HIS�RESEARCH�WAS�SUPPORTED�BY�THE�.ATURAL�3CIENCES�AND�%NGINEERING�2ESEARCH�#OUNCIL�OF�#ANADA�

2EFERENCES

-ELANIE�"ALJKO���������4HE�#OMPUTATIONAL�3IMULATION�OF�-ULTIMODAL��&ACETO&ACE�#OMMUNICATION�#ONSTRAINED
BY�0HYSICAL�$ISABILITIES���)N�0ROCEEDINGS�OF�%33,,)������7ORKSHOP�)NTEGRATING�)NFORMATION�FROM�$IFFERENT

#HANNELS�IN�-ULTI-EDIA#ONTEXTS��PAGES�� ����!UGUST�� ����"IRMINGHAM��5+���%UROPEAN�!SSOCIATION�FOR
,OGIC��,ANGUAGE��AND�)NFORMATION�

!NN�#OPESTAKE����������!UGMENTED�AND�!LTERNATIVE�.,0�TECHNIQUES�FOR�AUGMENTATIVE�AND�ALTERNATIVE
COMMUNICATION���)N�!NN�#OPESTAKE��3TEFAN�,ANGER�AND�3IRA�0ALAZUELOS#AGIGAS��EDITORS��.ATURAL�,ANGUAGE
0ROCESSING�FOR�#OMMUNICATION�!IDS��0ROCEEDINGS�OF�A�7ORKSHOP�3PONSORED�BY�THE�!SSOCIATION�FOR

#OMPUTATIONAL�,INGUISTICS��PAGES��� ����-ADRID��3PAIN�

+ATHLEEN�&��-C#OY�AND�#HRISTOPHER�!��0ENNINGTON�AND�!RLENE�,UBEROFF�"ADMAN����������#OMPANSION��&ROM
RESEARCH�PROTOTYPE�TO�PRACTICAL�INTEGRATION���.ATURAL�,ANGUAGE�%NGINEERING�����	��� ����-ARCH�

!LAN�&��.EWELL��*OHN�,��!RNOTT��!LISTAIR�9��#AIRNS��)AN�7��2ICKETTS��AND�0ETER�'REGOR����������)NTELLIGENT�SYSTEMS
FOR�SPEECH�AND�LANGUAGE�IMPAIRED�PEOPLE��!�PORTFOLIO�OF�RESEARCH���)N�!LISTAIR�$��.��%DWARDS��EDITOR��%XTRA
/RDINARY�(UMAN#OMPUTER�)NTERACTION��)NTERFACES�FOR�5SERS�WITH�$ISABILITIES��CHAPTER����PAGES��� ����
#AMBRIDGE�5NIVERSITY�0RESS�

&RASER�3HEIN��.ICHOLAS�"ROWNLOW��*UTTA�4REVIRANUS��AND�0ENNY�0ARNES����������#LIMBING�/UT�OF�THE�2UT���4HE
&UTURE�OF�)NTERFACE�4ECHNOLOGY���)N�"��-INEO��EDITOR��0ROCEEDINGS�OF�THE�6ISIONS�#ONFERENCE��!UGMENTATIVE�AND
!LTERNATIVE�#OMMUNICATION�IN�THE�.EXT�$ECADE��PAGES��� ����5NIVERSITY�OF�$ELAWARE�!LFRED�)��DU0ONT�)NSTITUTE�
7ILMINGTON��$%�


