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!"342!#4�� 4HE� AUTHORS� EXAMINED� THE� INTERACTION� BETWEEN�
THE� DEVELOPMENT� OF� POSTURAL� CONTROL� AND� THE� DEVELOPMENT� OF�
THE� EXECUTIVE� FUNCTION� OF� ATTENTION� IN� ��� CHILDREN� AND� �� ADULTS�
IN� DUAL
TASK� CONDITIONS�� 0ARTICIPANTS� PERFORMED� AN� ATTENTIONALLY�
DEMANDING� COGNITIVE� TASK� AND� A� POSTURAL� TASK� SIMULTANEOUSLY��
4HE� AUTHORS� EQUALIZED� THE� ATTENTIONAL� LOAD� OF� THE� COGNITIVE� TASK�
ACROSS� AGE� GROUPS�� #OMPARATIVE� CHANGES� IN� THE� CENTER� OF� PRES

SURE� IN�DUAL
�AND�SINGLE
TASK�CONDITIONS� INDICATED� THAT�DUAL� TASKS�
INTERFERED�WITH�POSTURAL�PERFORMANCE�IN�THE�WIDE�STANCE��73	�AND�
THE�MODIFIED�2OMBERG�STANCE��23	��#HILDREN�AT��n��YEARS�OF�AGE�
�BUT�NOT�CHILDREN�AT�AGES��n���YEARS�OF�AGE�OR�ADULTS	�EXPERIENCED�
POSTURAL�CONTROL�INTERFERENCE�IN�BOTH�STANCE�POSITIONS��BUT�INTERFER

ENCE�WAS�GREATER�IN�THE�23��P�������	��&OR�ALL�PARTICIPANTS��COGNI

TIVE�TASK�PERFORMANCE�IN�23�WAS�UNCHANGED�FROM�THAT�IN�73��4HE�
KNOWLEDGE�GAINED�FROM�THE�RESULTS�OF�THIS�STUDY�WILL�CONTRIBUTE�TO�
THE�DESIGN�AND�IMPLEMENTATION�OF�ACADEMIC�AND�PREACADEMIC�PRO

GRAMMING�FOR�YOUNG�CHILDREN��4HEIR�PERFORMANCE�OF�AN�INTENTION

ALLY�DEMANDING�COGNITIVE�TASK�WOULD�BE�ENHANCED�BY�THE�PROVISION�
OF�APPROPRIATELY�SIZED�DESKS�AND�CHAIRS�OR�THEIR�USE�OF�AN�ALTERNATE��
LESS�DEMANDING�POSITION�

+EYWORDS�� DEVELOPMENT�� DUAL
TASK�� EXECUTIVE� FUNCTION� OF� ATTEN

TION��POSTURAL�CONTROL

N� ACADEMIC� SETTINGS�� YOUNGER� CHILDREN� HAVE� OFTEN� BEEN�
FOUND� TO� HAVE� DIFFICULTIES� SUSTAINING� ATTENTION� TO� THE�
SUBJECTS� BEING� TAUGHT�� %DUCATORS� COMMONLY� SEE� FREQUENT�
READJUSTMENT�OF�POSTURE�AND�FIDGETING�WHILE�SITTING�AT�A�DESK�
OR� STANDING� IN� LINE� IN� CHILDREN�WITH� ATTENTIONAL� PROBLEMS��
!CCORDING�TO�THE�FOURTH�EDITION�OF�THE�$IAGNOSTIC�AND�3TA

TISTICAL�-ANUAL�OF�-ENTAL�$ISORDERS��!MERICAN�0SYCHIATRIC�
!SSOCIATION������	��A�MANUAL�USED�BY�PHYSICIANS�AND�MEN

TAL�HEALTH�PROVIDERS�FOR�THE�DIAGNOSIS�OF�PSYCHOLOGICAL�DISOR

DERS��THOSE�BEHAVIORS�COULD�BE�A�SIGN�OF�DEFICITS�IN�ATTENTION��
(OWEVER�� MULTIPLE� FACTORS� MAY� CONTRIBUTE� TO� ATTENTIONAL�
PERFORMANCE� IN� THE� ACADEMIC� SETTING�� &OR� EXAMPLE�� WHEN�

CHILDREN� ARE� PERFORMING� A� MOTOR� TASK� �STANDING�� WALKING��
OR� REACHING� FOR� AN�OBJECT	�WHILE� ALSO�PERFORMING�A� COGNI

TIVE� TASK�� THE� ATTENTIONAL� REQUIREMENTS� OF� THE� MOTOR� TASK�
MAY� COMPETE� FOR� PROCESSING� RESOURCES� WITHIN� THE� LIMITED�
ATTENTIONAL� CAPACITY�OF� THE�CHILD�� CAUSING� THE�CHILD� TO�PER

FORM�LESS�EFFICIENTLY�ON�BOTH�THE�MOTOR�AND�COGNITIVE�TASKS��
4HEREFORE��IT�IS�IMPORTANT�TO�UNDERSTAND�THE�FACTORS�COMPET

ING�FOR�ATTENTIONAL�RESOURCES�DURING�CHILDREN�S�PERFORMANCE�
OF� THE�DIFFERENT� TASKS� SO� THAT� EDUCATORS� CAN�CREATE� AN�AGE

APPROPRIATE� ACADEMIC� ENVIRONMENT� THAT� IS�MOST� CONDUCIVE�
TO�LEARNING�
&OR�OUR�PURPOSE�IN�THIS�STUDY��WE�DEFINE�THE�TERM�ATTENTION�

AS� A� RESERVOIR� OF� PROCESSING� RESOURCES� ON� THE� BASIS� OF� THE�
LIMITED�CAPACITY�MODEL�OF�+AHNEMAN������	��7HEN�AN�INDI

VIDUAL� PERFORMS� TWO� ATTENTIONALLY� DEMANDING� TASKS� SIMUL

TANEOUSLY��COMPETITION� FOR�PROCESSING� RESOURCES�MAY�OCCUR��
4HE�INTERFERENCE�MAY�LEAD�TO�DETERIORATION�IN�THE�PERFORMANCE�
OF�ONE�OR�BOTH�TASKS��.EUMANN��������7ICKENS������	�
0OSTURAL�CONTROL�WAS�TRADITIONALLY�CONSIDERED�TO�BE�AUTO


MATIC� �I�E��� REFLEXIVELY� CONTROLLED� AND� REQUIRING� MINIMAL�
CONSCIOUS� PROCESSING� OF� INFORMATION	�� BUT� RECENT� STUD

IES�WITH� ADULTS� AND� CHILDREN� HAVE� SHOWN� THAT� THE� PROCESS�
OF� MAINTAINING� OR� REGAINING� STABILITY� REQUIRES� ATTENTIONAL�
RESOURCES� �"EAUCHET�� $UBOST�� 'ONTHIER�� ��+RESSIG�� ������
"LANCHARD� ET� AL��� ������ "RAUER��7OOLLACOTT�� �� 3HUMWAY

#OOK�� ������ ������ "ROWN�� -C+ENZIE�� �� $OAN�� ������
0ELLECCHIA�� ������ 2ANKIN�� 7OOLLACOTT�� 3HUMWAY
#OOK��
�� "ROWN�� ������ 3CHRODT�� -ERCER�� 'IULIANI�� �� (ARTMAN��
������ 3HUMWAY
#OOK� �� 7OOLLACOTT�� ������ 3ILSUPADOL��
3IU��3HUMWAY
#OOK����7OOLLACOTT������	�� )N� RESEARCH�ON�
ATTENTION�AND�POSTURAL�CONTROL� IN�ADULTS�� INVESTIGATORS�HAVE�
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USED�DUAL
TASK�PARADIGMS�IN�WHICH�PARTICIPANTS�PERFORMED�
A� POSTURAL� CONTROL� TASK� AND� A� COGNITIVE� TASK� TOGETHER��4HE�
RESEARCHERS�HAVE�USED�THE�DEGREE�TO�WHICH�PARTICIPANTS��PER

FORMANCE�ON�EITHER�ONE�OR�BOTH�TASKS�DECLINED�AS�AN�INDEX�OF�
THE�EXTENT�OF�SHARING�OF�ATTENTIONAL�RESOURCES��
2ESULTS�OF�EXPERIMENTS�IN�WHICH�DUAL
TASK�DESIGNS�WERE�

USED� HAVE� LED� RESEARCHERS� TO� PROPOSE� A� HIERARCHY� OF� POS

TURAL� CONTROL� TASKS� ON� THE� BASIS� OF� ATTENTIONAL
PROCESSING�
REQUIREMENTS�� ,ESS� RESOURCES� ARE� REQUIRED� FOR� RELATIVELY�
UNDEMANDING�POSTURAL�TASKS�SUCH�AS�SITTING�OR�STANDING�WITH�
FEET� SHOULDER
WIDTH� APART�� WHEREAS� ATTENTIONAL� DEMANDS�
ARE�INCREASED�WHEN�INDIVIDUALS�STAND�IN�THE�MORE�DEMAND

ING�2OMBERG� OR� NARROW� STANCE� POSITIONS� �4EASDALE�� "ARD��
,A2UE����&LEURY������	��WALKING��4EASDALE�ET�AL�	��RECOVER

ING� FROM� EXTERNAL� PERTURBATIONS� �"ROWN�� 3HUMWAY
#OOK��
��7OOLLACOTT��������2ANKIN�ET�AL�������	��AND� RESPONDING�
TO�CHANGE� IN� THE� SENSORY�ENVIRONMENT� �3HUMWAY
#OOK���
7OOLLACOTT������	�
)N�ADDITION�� THE�ATTENTIONAL� LOAD�OF� THE�COGNITIVE�TASK�HAS�

BEEN�FOUND�TO�AFFECT� THE�DEGREE�OF�POSTURAL�CONTROL� INTERFER

ENCE�IN�REACTIVE�AND�STATIC�POSTURAL�CONTROL��-AYLOR���7ING��
������0ELLECCHIA��������2ANKIN�ET�AL���������3HUMWAY
#OOK��
7OOLLACOTT�� +ERNS�� �� "ALDWIN�� ����	�� 0ELLECCHIA� INVESTI

GATED� POSTURAL� CONTROL� INTERFERENCE� IN� A� DUAL
TASK� CONDITION�
BY� USING� INFORMATION
REDUCTION� TASKS� �DIGIT� REVERSAL�� DIGIT�
CLASSIFICATION��AND�COUNTING�BACKWARD�BY�THREES	�TO�MANIPU

LATE� THE� ATTENTIONAL� LOAD� OF� THE� COGNITIVE� TASKS�� $IFFICULTY�
OF� THE� TASK�WAS� RELATED� TO� THE� DEGREE� TO�WHICH� PARTICIPANTS�
MENTALLY�REDUCED�THE�INFORMATION�OF�THE�STIMULUS�TO�PROCESS�
A�RESPONSE��!S�THE�COGNITIVE�TASK�INCREASED�IN�THE�AMOUNT�OF�
INFORMATION�THAT�WAS�REDUCED�FROM�STIMULUS�TO�RESPONSE��SO�
TOO�DID�THE�DEGREE�OF�POSTURAL�CONTROL�INTERFERENCE�
4HERE�HAS�BEEN�ONE�OTHER�RECENT�STUDY�IN�WHICH�DUAL
TASK�

EFFECTS� ON� POSTURAL� CONTROL� IN� CHILDREN� WERE� INVESTIGATED��
"LANCHARD�ET�AL�������	�EXAMINED�POSTURAL�CONTROL�IN�QUIET�
STANCE�IN�CHILDREN�AT�AGES��n��YEARS�WHO�PERFORMED�EITHER�
A� COUNTING
BACKWARD� OR� A� READING� TASK�� 0OSTURAL� SWAY�
INCREASED�WITH� SIMULTANEOUS�PERFORMANCE�OF� EITHER� COGNI

TIVE�TASK�
/NE�NEURAL�COMPONENT�OF�ATTENTIONAL�PROCESSING�HAS�BEEN�

LABELED� EXECUTIVE� FUNCTION� OF� ATTENTION�� 4HAT� COMPONENT�
HAS�A�ROLE�IN�RESOLVING�CONFLICTS�AMONG�COMPETING�SENSORY�
STIMULI��DETECTING�ERRORS��AND�PLANNING�NEW�ACTIONS��0OSNER�
��2OTHBART�� ����	�� )N� ADDITION�� THE� EXECUTIVE� NETWORK� OF�
ATTENTION� HAS� A� ROLE� IN� THE� ENCODING� AND� MAINTAINING� OF�
ITEMS�IN�VISUAL�SHORT
TERM�MEMORY��!WH���*ONIDES��������
!WH��6OGEL�� ��/H�� ����	�� +ANE�� "LECKLEY�� #ONWAY�� AND�
%NGLE��������+ANE���%NGLE������	�DEMONSTRATED�A�STRONG�
LINK� BETWEEN� THE� CAPACITY� OF� SHORT
TERM�MEMORY� AND� THE�
EFFICIENCY� OF� THE� EXECUTIVE� FUNCTION� OF� ATTENTION�� &OR� OUR�
PURPOSE�IN�THIS�STUDY��WE�USED�A�SHORT
TERM�MEMORY�TASK�TO�
PROBE�THE�EFFICIENCY�OF�THE�EXECUTIVE�FUNCTION�OF�ATTENTION�
4O� ASSESS� DEVELOPMENTAL� TRENDS� IN� THE� CAPACITY� OF� THE�

EXECUTIVE� FUNCTION� OF� ATTENTION� NETWORKS�� RESEARCHERS� USE�
TASKS�DESIGNED�TO�ESTABLISH�CONFLICT�BETWEEN�THE�PROCESSING�
OF� TWO� COMPETING� STIMULI� AND� TO� DETERMINE� CONCOMITANT�

MOTOR� RESPONSES� THAT� REQUIRE� SUPPRESSION�OF� THE� PREPOTENT�
RESPONSE�IN�THE�CONFLICTING�CONDITION��)T�APPEARS�FROM�THOSE�
DEVELOPMENTAL�STUDIES�THAT�EXECUTIVE�ATTENTION�MATURES�SIG

NIFICANTLY� BETWEEN� THE� AGES� OF� �� AND� ��� YEARS�� REACHING�
NEAR
MATURITY� AT� ��� YEARS� �2IDDERINKHOF�� VAN� DER� -OLEN��
"AND�� �� "ASHORE�� ������ 2UEDA� ET� AL��� ����	�� )N� SEVERAL�
STUDIES��INVESTIGATORS�HAVE�SHOWN�THAT�THE�GREATEST�DEVELOP

MENT� OF� EXECUTIVE� ATTENTION� OCCURS� BETWEEN� THE� AGES� OF� ��
AND���YEARS��$IAMOND���4AYLOR��������2IDDERINKHOF�ET�AL���
2UEDA�ET�AL�	��4HAT�FINDING�IMPLIES� THAT�BY���YEARS�OF�AGE��
CHILDREN�S�AND�ADULTS��ABILITY�TO�ATTEND�TO�TASKS�SHOULD�DIFFER�
ONLY�MINIMALLY�
0REVIOUS�RESEARCHERS�HAVE�SHOWN�THAT�ATTAINMENT�OF�MOTOR�

SKILLS�IN�SITTING��STANDING��AND�WALKING�DEPENDS�ON�THE�DEVEL

OPMENT� OF� THE� POSTURE� CONTROL� SYSTEM� �"URTNER�� 1UALLS�� ��
7OOLLACOTT�� ������ (ADDERS
!LGRA�� "ROGEN�� �� &ORSSBERG��
������ 3AKAGUCHI�� 4AGUCHI�� -IYASHITA�� �� +ATSUNO�� ������
3UNDERMIER� ��7OOLLACOTT�� ������ 3VEISTRUP� ��7OOLLACOTT��
����	�� ,ATER� IN� CHILDHOOD�� AS� CHILDREN� MATURE�� THEIR� QUIET�
STANCE�POSTURE�STABILITY�IMPROVES�TO�ADULT
LIKE�LEVELS��#HERNG��
,EE�� �� 3U�� ������ 2IACH� �� (AYES�� ������ 2ONCESVALLES��
7OOLLACOTT����*ENSEN��������3HUMWAY
#OOK���7OOLLACOTT��
����	��3AKAGUCHI�ET�AL��SHOWED�THAT�CHILDREN�YOUNGER�THAN����
YEARS�OF�AGE�HAVE�GREATER�TOTAL�CENTER�OF�PRESSURE��#/0	�DIS

PLACEMENT�THAN�DO�OLDER�CHILDREN�AND�ADULTS��3HUMWAY
#OOK�
AND�7OOLLACOTT�SHOWED�THAT�CHILDREN�BETWEEN�THE�AGES�OF���
AND���YEARS�HAVE�A�GREATER�AREA�AND�VARIABILITY�OF�#/0�MOVE

MENT�THAN�DO�OLDER�CHILDREN���n���YEARS	�AND�ADULTS��#HERNG�
ET�AL���WHO�EXAMINED�THE�FREQUENCY�OF�SWAY�THROUGH�SPECTRAL�
ANALYSIS�� FOUND� THAT�CHILDREN�BETWEEN� THE�AGES�OF���AND����
YEARS�SWAYED�WITH�GREATER�FREQUENCY�THAN�DID�ADULTS�
7HEN� RESEARCHERS� COMBINE� THE� RESULTS� OF� THE� DEVEL


OPMENTAL� STUDIES� OF� EXECUTIVE� ATTENTION� AND� OF� POSTURAL�
CONTROL��IT�BECOMES�APPARENT�THAT�CHILDREN�IN�THE�YOUNGER�
AGE�GROUPS���n��YEARS	�MAY�HAVE�DIFFICULTY�IN�SIMULTANE

OUSLY� PERFORMING� A� POSTURAL� TASK� AND� AN� ATTENTIONALLY�
DEMANDING� COGNITIVE� TASK�� !LTHOUGH� RESEARCHERS� HAVE�
INDEPENDENTLY� SHOWN� THE� AGES� AT� WHICH� BOTH� ATTENTION�
AND�POSTURAL�CONTROL�MATURE��THERE�ARE�NO�REPORTED�INVES

TIGATIONS�OF� THE�DEVELOPMENT�OF� THE� INTERACTION�BETWEEN�
THESE�TWO�PROCESSES�
/UR�GOAL�IN�THIS�STUDY�WAS�TO�INVESTIGATE�THAT�INTERACTION�BY�

USING�A�DUAL
TASK�PARADIGM�IN�WHICH�PARTICIPANTS�PERFORMED�
AN�ATTENTIONALLY�DEMANDING�COGNITIVE�TASK�AND�A�POSTURAL�CON

TROL�TASK�SIMULTANEOUSLY��7E�EXPECTED�THAT�YOUNG�CHILDREN�S�
LEVEL�OF�PERFORMANCE�IN�ONE�OR�BOTH�TASKS�WOULD�BE�COMPRO

MISED�IN�COMPARISON�WITH�THAT�OF�OLDER�CHILDREN�WITH�INCREASE�
IN�THE�ATTENTIONAL�LOAD�OF�THE�POSTURAL�CONTROL�TASK�
7HEN� RESEARCHERS� ASSESS� DUAL
TASK� INTERFERENCE� IN� DIF


FERENT�PARTICIPANT�GROUPS��IT�IS�IMPORTANT�FOR�THEM�TO�EQUATE�
TASK�DEMANDS�TO�ENSURE�THAT�EACH�GROUP�FACES�THE�SAME�RELA

TIVE�COGNITIVE�WORKLOAD��4HEY�CAN�ACCOMPLISH�THE�EQUALIZA

TION�BY�FIRST�DETERMINING�THE�LEVEL�OF�TASK�DIFFICULTY�AT�WHICH�
EACH� GROUP�S� PERFORMANCE� IS� EQUIVALENT�� )F� RESEARCHERS� DO�
NOT� EQUATE� SECONDARY� TASK� DIFFICULTY�� THEN� THERE�MAY� BE� A�
CONFOUND�BETWEEN�CHANGES�IN�TASK�PERFORMANCE�CAUSED�BY�
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THE�SECONDARY�TASK�S�RELATIVE�LEVEL�OF�DIFFICULTY�AND�THE�DIRECT�
ATTENTIONAL� INTERFERENCE� THAT� THE� SECONDARY� TASK� INDUCES�
�7OOLLACOTT���3HUMWAY
#OOK�� ����	�� )N� ADDITION�� INVES

TIGATORS� HAVE� SHOWN� THAT� THE�MOTOR� OUTPUT� OF� ARTICULATION�
INCREASES�BODY�SWAY��THUS�COMPLICATING�THEIR�INTERPRETATION�
OF�DUAL
TASK�EFFECTS�ON�POSTURAL�CONTROL� �9ARDLEY��'ARDNER��
,EADBETTER�� �� ,AVIE�� ����	�� &OR� THOSE� REASONS�� WE� USED�
A� SHORT
TERM� WORKING�MEMORY� TASK� �6OGEL��7OODMAN�� ��
,UCK�� ����	� THAT� WE� COULD� SYSTEMATICALLY� MANIPULATE� IN�
TERMS�OF�DIFFICULTY�AND�WHICH�DID�NOT�REQUIRE�VERBAL�OUTPUT�
UNTIL� AFTER�WE�MEASURED� THE� POSTURAL� RESPONSE��-OREOVER��
WE�WERE� NOT� INTERESTED� IN� THE� INTERACTIONS� BETWEEN� SHORT

TERM�WORKING�MEMORY�AND�POSTURAL�CONTROL�BUT�IN�THE�INTER

ACTION� BETWEEN� THE� ENGAGEMENT� OF� EXECUTIVE� FUNCTION� OF�
ATTENTION�INDUCED�BY�PARTICIPANTS��PERFORMANCE�OF�THE�WORK

ING�MEMORY�TASK�AND�THEIR�ABILITY�TO�MAINTAIN�POSTURE�
7E�KEPT�THE�LEVEL�OF�DIFFICULTY�OF�THE�COGNITIVE�TASK�CONSTANT�

BETWEEN�TRIALS�AND�BETWEEN�THE�DIFFERENT�GROUPS�OF�CHILDREN�
BY�MEANS�OF�THE�FOLLOWING�PROCEDURE��7E�PERFORMED�TITRATION�
TRIALS�OF�THE�VISUAL�SHORT
TERM�MEMORY�TASK�BEFORE�THE�EXPERI

MENT� TO� DETERMINE� THE�MAXIMUM�NUMBER� OF� COLORED� ITEMS�
PARTICIPANTS� RECALLED� �SHORT
TERM� MEMORY� CAPACITY	� WITH� A�
���� ACCURACY� RATE� �DEFINED� AS� THRESHOLD	�� 4O� REMOVE� THE�
INFLUENTIAL�EFFECTS�OF�ARTICULATION��WE�ANALYZED�MOVEMENT�OF�
THE�#/0�BEFORE�THE�TIME�OF�THE�VERBAL�RESPONSE��
7E� USED� ACCURACY� OF� RESPONSES� AS� AN� INDICATOR� OF� COGNI


TIVE�TASK�PERFORMANCE��#HANGES�IN�BODY�SWAY�AS�MEASURED�BY�
#/0�DISPLACEMENT� AND� VELOCITY� IN� ANTEROPOSTERIOR� �!0	� AND�
MEDIOLATERAL��-,	�DIRECTIONS�DETERMINED�THE�STATUS�OF�POSTURAL�
CONTROL�BETWEEN�AND�WITHIN�PARTICIPANT�GROUPS��)NTERFERENCE�IN�
POSTURAL�CONTROL�OR�THE�COGNITIVE�TASK��OR�BOTH��WERE�INDICATIVE�
OF�THE�SHARED�ATTENTIONAL�RESOURCES�THE�TWO�TASKS�REQUIRED�
"ECAUSE�EFFICIENCY�OF�THE�EXECUTIVE�FUNCTION�OF�ATTENTION�

UNDERLIES�INDIVIDUALS��ABILITY�TO�SIMULTANEOUSLY�PERFORM�TWO�
TASKS�BY�ALLOCATING�ATTENTIONAL�RESOURCES�TO�THE�PROCESSING�OF�
EACH�TASK��WE�CONSIDERED�ITS�EFFICIENCY�TO�BE�A�FACTOR�IN�THE�
DETERMINATION�OF�ATTENTIONAL� REQUIREMENTS�OF�POSTURAL�CON

TROL�AND�POSTURAL�CONTROL�INTERFERENCE�IN�THE�DUAL
TASK�CONDI

TION��"ECAUSE�OF�THE�LINK�BETWEEN�THE�CONSTRUCTS�OF�EXECU

TIVE�FUNCTION�OF�ATTENTION�AND�VISUAL�SHORT
TERM�MEMORY��WE�
INFERRED� THE�EFFICACY�OF� THE�EXECUTIVE�COMPONENT�OF�ATTEN

TION�FROM�THE�CAPACITY�OF�THE�SHORT
TERM�MEMORY�SYSTEM��

-ETHOD

0ARTICIPANTS�

0ARTICIPANTS�WERE�THIRTEEN��
�TO���
YEAR
OLD�CHILDREN�AND�
SIX���
�TO���
YEAR
OLD�ADULTS��7E�RECRUITED�THE�ADULTS�FROM�
THE�GRADUATE�AND�UNDERGRADUATE�PROGRAMS�AT�THE�5NIVERSITY�
OF�/REGON��7E�RECRUITED�CHILDREN�BY�MEANS�OF�FLIERS�GIVEN�
TO� FACULTY� AND� STAFF� AT� THE� 5NIVERSITY� OF� /REGON� AND� BY�
PUBLIC�ADVERTISEMENTS�APPROVED�BY�THE�#OMMITTEE�FOR�THE�
0ROTECTION�OF�(UMAN�3UBJECTS�AT�THE�5NIVERSITY�OF�/REGON��
&OR� DATA� ANALYSIS��WE� DIVIDED� PARTICIPANTS� INTO� THREE� AGE�
GROUPS��SEE�4ABLE��	��!DULTS��!	�WERE���n���YEARS�OF�AGE�
�-� Ò�3$� �� ����� Ò� ���� YEARS	�� OLDER� CHILDREN� �/#	�WERE�

�n���YEARS�OF�AGE���-�Ò�3$�����Ò���YEARS	��AND�YOUNG�CHIL

DREN��9#	�WERE��n��YEARS�OF�AGE��-�Ò�3$�����Ò���YEARS	�
&OR�THE�TWO�GROUPS�OF�CHILDREN��WE�ASSESSED�FUNCTIONAL�

BALANCE� IN� SITTING�� STANDING�� AND� REACHING� BY� USING� THE�
0EDIATRIC� "ALANCE� 3CALE� �0"3	�� WHICH� HAS� BEEN� SHOWN�
TO�HAVE�GOOD�TESTnRETEST� RELIABILITY�AND� INTERRATER� RELIABIL

ITY� �&RANJOINE��'UNTHER����4AYLOR������	��4HE� TOTAL�SCORE�
POSSIBLE� WAS� ���� INDICATING� GOOD� BALANCE� �SEE� 4ABLE� �	��
0ARENTS� COMPLETED� A� #HILD� "EHAVIOR� #HECKLIST� �#"#	��
A� CRITERION
BASED� ASSESSMENT� THAT� ENABLES� EDUCATORS� AND�
HEALTH�CARE�PROFESSIONALS�TO�DETERMINE�DISORDERS�OF�ATTEN

TION�IN�SCHOOL
AGED�CHILDREN�AT��n���YEARS�OF�AGE��!CHEN

BACH������	��&OR�OUR�PURPOSE�IN�THIS�STUDY��WE�CONSIDERED�
CHILDREN�AT��n���YEARS�OF�AGE� TO�BE�WITHIN�NORMAL� LIMITS�
OF�ATTENTION�IF�THEIR�CRITERION�SCORE�WAS�BETWEEN���AND�����
AND� CHILDREN�WHO�WERE� OLDER� THAN� ��� YEARS� TO� BE�WITHIN�
THOSE� LIMITS� IF� THEIR� CRITERION� SCORES�WERE� BETWEEN��� AND�
���!CCORDING� TO� THE� ATTENTIONAL�PROFILES�� ALL� CHILDREN�PAR

TICIPATING�IN�THIS�STUDY�SCORED�IN�THE�NORMAL�RANGE��0ARENTS�
COMPLETED� HEALTH� QUESTIONNAIRES� REGARDING� THE� PRESENCE�
OF�ANY�KNOWN�IMPAIRMENTS�IN�THE�CHILD�S�MUSCULOSKELETAL��
COGNITIVE��OR�NEUROLOGICAL�SYSTEMS��!FTER�WE�EXPLAINED�THE�
TEST�PROCEDURES��THE�CHILDREN�AND�THEIR�PARENTS�SIGNED�CON

SENT�FORMS�APPROVED�BY�THE�#OMMITTEE�FOR�THE�0ROTECTION�
OF�(UMAN�3UBJECTS�AT�THE�5NIVERSITY�OF�/REGON�

#OGNITIVE�4ASK�

7E�MODIFIED� THE� COGNITIVE� TASK� FROM� A� VISUAL� WORKING�
MEMORY� TASK� THAT� IS� USED� IN� STUDYING� ADULTS�� SHORT
TERM�
WORKING�MEMORY�CAPACITY��6OGEL�ET�AL�������	�BY�MANIPU

LATING� THE� QUANTITY� OF� OBJECTS� TO� BE� MAINTAINED� AND� THUS�
VARYING�THE�ATTENTIONAL�LOAD��0OSNER���2OSSMAN������	��4HE�
ATTENTIONAL� LOAD�CONSISTED�OF�A�VARIABLE�NUMBER�OF�COLORED�
SHAPES��SQUARES��HEARTS��OR�STARS	�THAT�WE�PRESENTED�FOR�����
MS��%ACH�TRIAL�CONSISTED�OF�THREE�COMPONENTS��&IRST��WE�PRE

SENTED�A���
MS�AUDITORY�TONE��WHICH�INDICATED�THE�BEGINNING�
OF�THE�LOAD�PRESENTATION��7E�SUBSEQUENTLY�PRESENTED�A�MASK�
CONSISTING�OF�A�GRAY�SCREEN�FOR���S��!FTER�MASK�PRESENTATION��
WE� PRESENTED� A� ��
MS� AUDITORY� TONE��WHICH� INDICATED� THE�
PRESENTATION�OF�THE�PROBE��4HE�PROBE�CONSISTED�EITHER�OF��A	�
THE�SAME�PRESENTATION�OF�COLORED�SHAPES�AS�THE�LOAD�OR��B	�A�
PRESENTATION�IN�WHICH�THE�COLOR�OF�ONE�SHAPE�HAD�CHANGED�
�SEE�&IGURE��	��7E�ASKED�PARTICIPANTS� TO�ANSWER�EITHER�YES�
IF�THE�SHAPES�WERE�SIMILAR�IN�COLOR�TO�THE�LOAD�OR�NO�IF�ONE�
SHAPE�HAD�CHANGED�COLOR�
4HE� TITRATION� TASK�WAS� THE� SAME�AFOREMENTIONED�VISUAL�

SHORT
TERM� MEMORY� TASK�� BUT� COLORED� SHAPES� VARIED� IN�
NUMBER�BETWEEN�ONE�AND�SIX�FROM�TRIAL�TO�TRIAL��4HE�INITIAL�
TRIALS� HAD�ONE�OR� TWO� COLORED� SHAPES�� AND�� DEPENDING�ON�
THE� PARTICIPANT�S� ACCURACY�� WE� INCREASED� THE� NUMBER� OF�
COLORED�SHAPES�IN�THE�FOLLOWING�TRIALS�UNTIL�THE�PARTICIPANT�
REACHED�AN�ACCURACY�OF������4HAT�PROCEDURE�RESULTED�IN�A�
THRESHOLD�VALUE�FOR�THE�NUMBER�OF�SHAPES�THAT�PARTICIPANTS�
COULD�MAINTAIN�IN�SHORT
TERM�MEMORY��7E�USED�THE�THRESH

OLD�VALUE��4	��WHICH�VARIED�ACROSS�PARTICIPANTS��DURING�THE�
DUAL
TASK�TRIALS�
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0OSTURAL�#ONTROL�4ASK�
4HE�POSTURAL�CONTROL�TASKS�CONSISTED�OF�TWO�STANCE�POSI


TIONS�� WIDE� STANCE� �73	� AND� MODIFIED� TANDEM� 2OMBERG�
STANCE��23	��)N�THE�73��I�E���EASY	�POSTURAL�CONTROL�TASK��PAR

TICIPANTS�STOOD�BAREFOOT�ON�TWO�FORCE�PLATES��WITH�THEIR�FEET�
SIDE�BY� SIDE�� SHOULDER�WIDTH�APART��&OR� THE�MORE�DIFFICULT��
23�TASK��PARTICIPANTS�STOOD�BAREFOOT�ON�TWO�FORCE�PLATES��THE�
LEFT�FOOT�IN�FRONT�AND�MEDIAL�TO�THE�RIGHT�TOE��)N�BOTH�STANCE�
POSTURES��THE�ARMS�WERE�CROSSED�OVER�THE�CHEST��)N�SEPARATE�
BLOCKS� OF� TRIALS�� PARTICIPANTS� COMPLETED� THE� POSTURAL� TASKS�
EITHER� IN� ISOLATION� OR� IN� COMBINATION� WITH� THE� SECONDARY�
COGNITIVE�TASK��
$URING� THE� DUAL
TASK� TRIALS�� THE� NUMBER� OF� SHAPES� IN� THE�

PRESENTATION�WAS�EITHER�4�OR�4�n����THRESHOLD�MINUS�TWO�COL

ORED�SHAPES	��AS�WE�HAD�DETERMINED�IN�THE�TITRATION�TRIALS��7E�
INCLUDED�THE�EASIER�LEVEL�OF�4�n���IN�THE�PRESENTATION�FOR�COM

PARISON�WITH�4�TO�ENSURE�AN�APPROPRIATE�DEGREE�OF�DIFFICULTY�OF�
THE�COGNITIVE�TASK�AT�THRESHOLD�LEVELS��$URING�THE�POSTURE
ONLY�
TRIALS��SINGLE
TASK�CONDITION	��WE�PRESENTED�THE�SAME�TEMPORAL�
SEQUENCE�OF�THE�VISUAL�WORKING
MEMORY�TASK��(OWEVER��THE�
SCREEN�WAS� BLANK� DURING� THE� LOAD� AND� PROBE� PRESENTATIONS��
4HE�AUDITORY�TONE�AND�MASK�WERE�IDENTICAL�IN�SEQUENCE�AND�
TIMING�TO�THOSE�WE�USED�FOR�COGNITIVE�TASK�PRESENTATION�

!PPARATUS

+INETICS�� 7E� COLLECTED� VERTICAL� AND� HORIZONTAL� GROUND�
REACTION�FORCES�FROM�A�CUSTOM
BUILT�FORCE�PLATFORM�LOCATED�

��� CM� ABOVE� GROUND� LEVEL� AND� CONSISTING� OF� TWO� FORCE�
PLATES�� EACH� CONTAINING� FOUR� STRAIN� GAUGE� TRANSDUCERS��7E�
COLLECTED�DATA�FOR�A�TIME�PERIOD�OF����S�AT�����(Z��7E�FIL

TERED�THE�COLLECTED�DATA�TO���(Z�BY�USING�A�LOW
PASS�FOURTH

ORDER�"UTTERWORTH� FILTER��7E�PERFORMED� THE�DATA�COLLECTION�
AND� FILTERING� DURING� DATA� ANALYSIS� BY� USING� THE�-!4,!"�
6ERSION� ����� �-ATH7ORKS� )NC��� .ATICK�� -!	� COMPUTER�
SOFTWARE�PROGRAM�
#OMPUTER�SYSTEM��!�PERSONAL�COMPUTER� �0#	�CONTROLLED�

BY� THE� FIRST� PROCTOR� TRIGGERED� A� DIGITALnANALOG� CONVERTER�S�
DATA�ACQUISITION�FOR�A�BLOCK�OF�FOUR�TRIALS�����S	��!�SECOND�
0#� COLLECTED� ANALOG� DATA� AND� CONVERTED� THEM� TO� DIGITAL�
DATA��7E�USED�A�-!4,!"�COMPUTER�SOFTWARE�PROGRAM�TO�
DETERMINE�#/0�VALUES��!�SECOND�PROCTOR��WHO�CONTROLLED�A�
THIRD�0#�WITH�3UPER,AB�0RO�6ERSION�����COMPUTER�SOFTWARE�
�#EDRUS�� 3AN�0EDRO��#!	�� PRESENTED� VISUAL� TARGETS� FOR� THE�
EXPERIMENT��!� VERBAL� SIGNAL� BETWEEN� THE� FIRST� AND� SECOND�
PROCTORS�SYNCHRONIZED�THE�TRIGGERING�OF�THE�DATA
ACQUISITION�
COMPUTER�AND�THE�VISUAL�PRESENTATION��4HE�DATA
ACQUISITION�
0#� DIGITIZED� AND� THEN� COLLECTED� THE� ANALOG� RECORDINGS� OF�
THE� AUDITORY� TRIGGERS� GENERATED� BY� THE� VISUAL� PRESENTATION�
SOFTWARE��WHICH�WERE�INDICATIVE�OF�THE�START�AND�END�OF�EACH�
TRIAL��4HE�TARGETS�WERE�BACK
PROJECTED�ONTO�A�DISPLAY�SCREEN�
POSITIONED����FEET�IN�FRONT�OF�THE�PARTICIPANT��AT�EYE�LEVEL��
(EADSET� WITH� MICROPHONE�� 0ARTICIPANTS� WORE� A� HEAD


SET� WITH� MICROPHONE�� WHICH� ENABLED� US� TO� RECORD� VERBAL�
RESPONSES��7E� USED� AN� ANALOGnDIGITAL� CONVERTER� TO� COLLECT�

&)'52%����#OGNITIVE�TASK�PRESENTATION��4EMPORAL�SEQUENCING�OF�VISUAL�PRESENTATION�OF�THE�
SHORT
TERM�VISUAL�MEMORY�TASK�IS�ILLUSTRATED�

��S

���MS

0ROBE

-ASK

,OAD

2ESPONSE

���MS

��S

����MS
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AND�DIGITIZE�ANALOG�DATA��4HE�DATA�WERE�STORED�ON�A�0#�FOR�
LATER�ANALYSIS��
6IDEO�RECORDER��7E�VIDEO
RECORDED�THE�EXPERIMENTAL�SES


SION�TO�DETERMINE�TRIALS� IN�WHICH�PARTICIPANTS� LOST�BALANCE��
TOOK�A�STEP��OR�MOVED�THEIR�ARMS�

0ROTOCOL

7E� RECORDED� ANTHROPOMETRIC� MEASUREMENTS� OF� HEIGHT��
WEIGHT��AND�FOOT�LENGTH�AND�WIDTH�FOR�EACH�PARTICIPANT�IN�THE�
0%!+�SOFTWARE�PROGRAM��0EAK�0ERFORMANCE�4ECHNOLOGIES��
)NC��� %NGLEWOOD�� #/	� BEFORE� THE� EXPERIMENTAL� TRIALS� �SEE�
4ABLE��	��4HROUGHOUT�THE�EXPERIMENT��WE�GAVE�PARTICIPANTS�
REST�BREAKS�AND�REFRESHMENTS��
7E� BRIEFLY� EXPLAINED� THE� COGNITIVE� TASK�� AND� PAR


TICIPANTS�PERFORMED�A�SERIES�OF�PRACTICE� TRIALS�BEFORE� THE�
TITRATION� TRIALS��7E� INSTRUCTED� PARTICIPANTS� TO� ANSWER� AS�
ACCURATELY� AS� POSSIBLE��4O� ENHANCE� THEIR� VIEWING�OF� THE�
VISUAL� PRESENTATION� AND� REDUCE� VISUAL� DISTRACTIONS�� WE�
KEPT�THE�ROOM�SEMIDARK�
7E� RANDOMIZED� THE� ORDER� IN� WHICH� PARTICIPANTS� PER


FORMED� THE� DIFFERENT� STANCE� CONFIGURATIONS� BETWEEN� PAR

TICIPANTS��#HILDREN�WORE�A�SAFETY�HARNESS��SUSPENDED�FROM�
ABOVE�THE�PLATFORM	��!�CHALK�OUTLINE�OF�THE�FEET�ON�EACH�OF�
THE�FORCE�PLATES�ENSURED�CONSISTENT�FOOT�PLACEMENT�FOR�EVERY�
BLOCK�OF�TRIALS��
)N�THE�DUAL
TASK�CONDITION��WE�INSTRUCTED�PARTICIPANTS�AT�THE�

BEGINNING�OF�EACH�BLOCK�OF�TRIALS�TO�STAND�AS�STILL�AS�POSSIBLE�
AND�TO�ANSWER�AS�QUICKLY�AND�ACCURATELY�AS�POSSIBLE��0ARTICI

PANTS�STOOD�BAREFOOT�ON�THE�FORCE�PLATES�IN�ONE�OF�THE�TWO�FOOT�
CONFIGURATIONS�AND�RESPONDED�TO�THE�COGNITIVE�TASK�PRESENTA

TION��4HE�PRESENTATION�CONSISTED�OF�FOUR�BLOCKS�OF�FOUR�TRIALS�
PERFORMED�IN����S��4HE�INSTRUCTIONS�BEFORE�THE�POSTURE
ONLY�
TRIALS��SINGLE�TASK	�WERE�TO�STAND�AS�STILL�AS�POSSIBLE�AND�WATCH�
THE�SCREEN��4HE�SINGLE
TASK�CONDITION�CONSISTED�OF�TWO�BLOCKS�
OF�FOUR�TRIALS��!LL�PARTICIPANTS�PERFORMED�A�TOTAL�OF����TRIALS��
4OTAL�TIME�FOR�ALL�PROCEDURES�WAS�����HR�

$ATA�!NALYSIS

!FTER� VIEWING� THE� VIDEO� RECORDINGS�� WE� ELIMINATED�
APPROXIMATELY���TRIALS�FROM�ALL�THE�TRIALS�COLLECTED�FROM�THE�
!����FROM�ALL�THE�TRIALS�COLLECTED�FROM�THE�/#��AND����FROM�
ALL�THE�TRIALS�COLLECTED�FROM�THE�9#��/F�THE����TRIALS�ELIMI

NATED����WERE�FROM�THE�TWO��
YEAR
OLD�CHILDREN��
#OGNITIVE�TASK��7E�EVALUATED�INDIVIDUAL�YES�AND�NO�RESPONSES�

TO�THE�COGNITIVE�TASK��THE�COMPOSITE�OF�4�AND�4�n���TRIALS	�FOR�
ACCURACY�BY�USING�3UPER,AB�0RO�COMPUTER�SOFTWARE��4HUS��WE�
COMBINED�4�AND�4�n���TRIALS�FOR�ANALYSIS��&OR�LATER�ANALYSIS��WE�
USED�-!4,!"�COMPUTER�SOFTWARE�TO�DIGITIZE�AND�THEN�RECORD�
ON�A�0#�THE�ANALOG�DATA�COLLECTED�FROM�VERBAL�RESPONSES�AND�THE�
AUDITORY�TRIGGER�CUES�GENERATED�BY�THE�PRESENTATION�COMPUTER�
0OSTURE� TASK�� &OR�OUR�PURPOSE� IN� THIS� STUDY��WE�DEFINED�

POSTURAL�STABILITY�IN�STANCE�AS�MAINTENANCE�OF�THE�CENTER�OF�
GRAVITY��#/'	�WITHIN�THE�LIMITS�OF�STABILITY�AS�DEFINED�BY�THE�
AREA�OF�THE�BASE�OF�SUPPORT��3HUMWAY
#OOK���7OOLLACOTT��
����	��7E�CONSIDERED�AN�INCREASE�IN�AMPLITUDE�OR�VELOCITY�
OF�BODY�SWAY��OR�BOTH��TO�BE�A�DECREMENT�IN�POSTURAL�STABIL


ITY�� "ECAUSE� OF� THE� RELATIONSHIP� BETWEEN�#/'�MOVEMENT�
AND�#/0�MOVEMENT��7INTER���%NG������	��WE�USED�#/0�
DISPLACEMENT�AS�A�DETERMINANT�OF�BODY�SWAY��
7E� CALCULATED� #/0� VARIABLES� BY� USING�-!4,!"� COM


PUTER�SOFTWARE��&OR�EACH�BLOCK�OF�FOUR�TRIALS��DURATION����S	��
WE�SELECTED�A�CONSISTENT�INTERVAL�OF�TIME��������MS��LOAD�PLUS�
MASK	�� FOR� ANALYZING� RANGE� AND� ROOT
MEAN
SQUARED� �2-3	�
VELOCITY� OF� #/0� DISPLACEMENT� IN� !0� AND� -,� DIRECTIONS��
$URING�THAT�TIME�INTERVAL��PARTICIPANTS�EITHER��A	�PERFORMED�A�
POSTURE
ONLY�TASK�OR��B	�HELD�THE�VISUAL�PRESENTATION�IN�MEM

ORY�DURING�THE�DUAL
TASK�PARADIGM�BUT�BEFORE�THE�PROBE�TEST�
IN�WHICH�THEY�ARTICULATED�A�RESPONSE��7E�BASED�THE�RATIONALE�
FOR�OUR�SELECTION�OF�THAT�INTERVAL�ON�RESEARCH�BY�9ARDLEY�ET�AL��
�����	�� WHO� DEMONSTRATED� THE� INFLUENCE� OF� ARTICULATION� ON�
THE�EXTENT�OF�BODY�SWAY��7E�ASSESSED�INTERFERENCE�IN�POSTURAL�
CONTROL�IN�DUAL
�VERSUS�SINGLE
TASK�CONDITIONS�BY�COMPARING�
THE�RANGE�AND�2-3�VELOCITY�OF�#/0�DISPLACEMENT�IN�!0�AND�
-,�DIRECTIONS�

3TATISTICAL�!NALYSIS

"ECAUSE�LIMITS�OF�#/0�EXCURSIONS�IN�QUIET�STANCE�DEPEND�
ON� THE� BOUNDARIES� OF� THE� BASE� OF� SUPPORT�� WE� NORMALIZED�
THE�RANGE�OF�#/0�DISPLACEMENTS�BEFORE�STATISTICAL�ANALYSIS��
)N�THE�!0�DIRECTION��WE�NORMALIZED�THE�RANGE�OF�#/0�DIS

PLACEMENTS��MAX�#/0X�n�MIN�#/0X	�BY�FOOT�LENGTH��IN�THE�
-,�DIRECTION��MAX�#/0Y�n�MIN�#/0Y	��WE�NORMALIZED�THE�
RANGE�BY�STANCE�WIDTH�
#OGNITIVE� TASK��4O� ENSURE� THAT� THE� COGNITIVE� TASK� HAD�

AN� APPROPRIATE� DEGREE� OF� DIFFICULTY�� WE� USED� A� PAIRED��
T�TEST�TO�EVALUATE�SIGNIFICANT�DIFFERENCES�IN�RATE�OF�ACCURACY�
BETWEEN�4�AND�4�n���FOR�THE�TOTAL�NUMBER�OF�PARTICIPANTS��
7E�CONSIDERED�P�������TO�BE�AN�INDICATION�OF�A�SIGNIFICANT�
DIFFERENCE��7E�EVALUATED� THE�ACCURACY�OF� RESPONSES�OF�A�
COMPOSITE� OF�4� AND�4� n� �� TRIALS�WITH� A� ��s� �� STATISTICAL�
DESIGN�CONSISTING�OF�ONE�THREE
LEVEL�BETWEEN
PARTICIPANTS�
FACTOR��AGE�GROUP��9#��/#��!	�AND�ONE�TWO
LEVEL�WITHIN

PARTICIPANT� FACTOR� �STANCE� POSITION�� 73�� 23	�� 7E� USED�
LOGISTIC� REGRESSION�ANALYSIS� TO�DETERMINE� THE�ODDS�RATIOS�
OF�GIVING�CORRECT�VERSUS�INCORRECT�RESPONSES�FOR�EACH�AGE�
GROUP�AND�IN�EACH�STANCE�POSITION�
0OSTURAL� CONTROL� TASK��4O� COMPARE� GROUP� DIFFERENCES� IN�

RANGES�AND�2-3�VELOCITIES�OF�#/0�DISPLACEMENT�IN�!0�AND�
-,�DIRECTIONS��WE�USED� A�MIXED� LINEAR�MODEL� TO� EVALUATE�
THE�THREE
LEVEL�BETWEEN
PARTICIPANTS�FACTOR��AGE�GROUP	�AND�
TWO� TWO
LEVEL� WITHIN
PARTICIPANTS� FACTORS� �DUAL� VS�� SINGLE�
TASK� AND�73�VS��23	��7E� COLLECTED�MULTIPLE� OBSERVATIONS�
ON�TWO�TYPES�OF�STANCE�AND�IN�TWO�CONDITIONS�FROM�ALL�PAR

TICIPANTS��4O�DETERMINE�THE�EFFECTS�OF�CONDITION��GROUP��AND�
STANCE��WE�COMPUTED�&�TESTS�FOR�SPECIFIED�CONTRASTS�OF�INTER

EST��7E� THEN�EXTRACTED�SIMPLE�EFFECTS� FOR�EACH� FACTOR� FROM�
THOSE�CONTRASTS�OF�GROUP�DIFFERENCES�IN�DUAL
�AND�SINGLE
TASK�
CONDITIONS� IN�73� AND�23� AND� IN� DUAL
� VERSUS� SINGLE
TASK�
CONDITIONS�BETWEEN�GROUPS�IN�73�AND�23��
4HE�TWO
�AND�THREE
FACTOR�INTERACTIONS�FROM�A�THREE
FAC


TOR�ANALYSIS�OF�VARIANCE��!./6!	�ARE�OMNIBUS� TESTS� THAT�
REFER� TO� A� SET� OF� VERY� SPECIFIC� CONTRASTS� �ACTUALLY�� MANY�
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INDEPENDENT� SETS� OF� CONTRASTS� ARE� INFERRED	� THAT� RESEARCH

ERS� USUALLY� TEST� AS� IF� THE� CONTRASTS� WERE� PREPLANNED�� &OR�
THIS�STUDY��WE�CHOSE�VERY�SPECIFIC�AND�MUCH�SIMPLER�SETS�
OF� PAIR
WISE� CONTRASTS� TO� EVALUATE� WITH� REPEATED� MEA

SURES�!./6!��4HOSE�CONTRASTS�ARE�BASICALLY�SIMPLE� TESTS�
EXTRACTED� FROM�AN�OVERALL� SET� OF� CONTRASTS� THAT� IS� SIMPLER�
THAN�THOSE�IMPLIED�BY�THE�USUAL�THREE
FACTOR�INTERACTION��)N�
THAT�APPROACH��POWER�INCREASES�IN�ACCORDANCE�WITH�A�RATIO

NALE�SET�FORTH�BY�2OSENTHAL��2OSNOW��AND�2UBIN������	�
7E�PERFORMED�POST�HOC�ANALYSES�WHEN�THE�DEFINED�CON


TRAST� FOR� THE� BETWEEN
� AND�WITHIN
PARTICIPANTS� FACTORS�WAS�
SIGNIFICANT�AT�P��������7E�CONSIDERED�AN�OMNIBUS�&�TEST�FOR�
THE�DEFINED�CONTRAST�NEAR�SIGNIFICANCE�IF�P������n�����)N�THE�
POST�HOC�ANALYSES�FOR�EACH�DEFINED�CONTRAST��WE�USED�"ON

FERRONI� CORRECTION� TO� ESTABLISH� CRITICAL�P� VALUES� THAT�WOULD�
MAINTAIN� AN� OVERALL� LEVEL� OF� ����� &OR� THE� DEFINED� CONTRAST�
OF�DUAL� TASKS�VERSUS� SINGLE� TASK��WE�CONSIDERED�P��� ������
������	� TO� BE� SIGNIFICANT� AND� P� �� �����n������ TO� BE� NEAR�
SIGNIFICANT�
4O�COMPARE�THE�ATTENTIONAL�LOADS�BETWEEN�THE�TWO�STANCE�

CONDITIONS�FOR�EACH�GROUP��WE�USED�A�PAIRED�T�TEST�TO�EVALU

ATE� THE� DUAL
TASK� EFFECT� �DUAL� TASKS�MINUS� SINGLE� TASK	� FOR�
THE�RANGE�OF�#/0�DISPLACEMENTS�IN�THE�!0�DIRECTION�IN�73�
VERSUS�23��7E�CONSIDERED�THE�COMPARISON�SIGNIFICANT�WHEN�
P�������OR�LESS�
%XECUTIVE�COMPONENT�OF�ATTENTION��7E�USED�A�SINGLE
FACTOR�

!./6!�TO�TEST�FOR�SIGNIFICANT�DIFFERENCES�IN�THRESHOLD��NUM

BER� OF� COLORED� SHAPES� RECALLED� AT� ���� ACCURACY	� BETWEEN�
GROUPS��

2ESULTS

$ISPLACEMENT�OF�#/0�IN�3INGLE
4ASK��
AND�$UAL
4ASK�#ONDITIONS�

)N� THE� SINGLE
TASK� CONDITIONS�� WE� FOUND� DEVELOPMEN

TAL� TRENDS� IN� POSTURAL� STABILITY� THAT� CONFIRMED� PREVIOUS�
RESEARCHERS��RESULTS��)N�GENERAL��9#�WERE�LESS�STABLE�THAN�/#�
AND�!�� )NDIVIDUAL
PARTICIPANT� #/0� TRACINGS� FROM� A� SINGLE�
BLOCK�OF�FOUR� TRIALS�SHOWED�A�DEVELOPMENTAL� TREND�OF� TOTAL�
#/0�PATH�FROM�THE�YOUNG�CHILD�S����YEARS	�LARGE�EXCURSIONS�
TO�THE�OLDER�CHILD�S�����YEARS	�AND�THE�ADULT�S�SMALLER�EXCUR

SIONS� �SEE�&IGURE��	��4HAT� TREND�WAS�APPARENT� IN�BOTH�73�
AND�23�CONDITIONS�FOR�MOST�OF�THE�DEPENDENT�VARIABLES��-,�
RANGE�OF�#/0��2-3�-,�VELOCITY��AND�2-3�!0�VELOCITY�OF�
#/0��SEE�4ABLE��	��

73

)N�THE�EASY�POSTURAL�TASK��73��WITH�FEET�SHOULDER
WIDTH�
APART	�� THE� SIMPLE� EFFECT� OF�9#� VERSUS�!�WAS� SIGNIFICANT�
IN� THE�!0�RANGE�OF�#/0�DISPLACEMENT��&������	����������
P� �� ������� BUT� ONLY� IN� THE� DUAL
TASK� CONDITION�� 0OST� HOC�
ANALYSIS�SHOWED�THAT�9#�HAD�A�SIGNIFICANTLY�GREATER�RANGE�
OF� #/0� DISPLACEMENTS� IN� THE�!0� DIRECTION� THAN� DID� THE�
!� �P� �� �����	��4HE�9#�S� GREATER� RANGE� OF� DISPLACEMENTS�
RESULTED� FROM� INTERFERENCE�9#�EXPERIENCED� IN�CONTROLLING�
THEIR� RANGE� OF� BODY� SWAY� IN� THE�!0�DIRECTION�WHEN� THEY�

n����

&)'52%� ��� #ENTER� OF� PRESSURE� �#/0	� TRACINGS� IN� THE�WIDE

STANCE�SINGLE
TASK�CONDITION��'RAPHS�SHOW�INDIVIDUAL
PARTICIPANT��
#/0� TRACINGS� IN� ANTEROPOSTERIOR� DIRECTION� �#/0X� !0	� AND�
MEDIOLATERAL�DIRECTION��#/0Y�-,	�OF��!	�YOUNG�CHILD���"	�OLDER�
CHILD��/#	��AND��#	�ADULT�IN�A���
S�BLOCK�OF�FOUR�TRIALS��!STERISKS�
��	�MARK�LOCATIONS�OF�RIGHT�AND�LEFT�LATERAL�MALLEOLI��"ECAUSE�OF�
THE�RESTRICTED�RANGE�OF�THE�#/0Y�SCALE�OF�MEASUREMENT��ONLY�THE�
ADULT�S�RIGHT�LATERAL�MALLELUS�IS�SHOWN��4HE�POSITION�OF�THE�ADULT�S�
LEFT�LATERAL�MALLEOLUS�WAS�n������������X��Y	�
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ALSO� PERFORMED� THE� COGNITIVE� TASK�� 4HE� SIMPLE� EFFECT� OF�
CONDITION��DUAL�VS��SINGLE�TASK	�WAS�SIGNIFICANT�IN�THE�RANGE�
OF�#/0�MOVEMENTS�IN�THE�!0�DIRECTION��&������	���������
P��� �������AND� IN�2-3�!0�VELOCITY��&������	���������P���
�������0OST�HOC�ANALYSIS�SHOWED�SIGNIFICANCE�ONLY�FOR�THE�
9#�IN�2-3�!0�VELOCITY��P��������	�AND�NEAR�SIGNIFICANCE�
IN�THE�!0�RANGE�OF�#/0�MOVEMENT��P���������SEE�&IGURES�
�!�AND��"	��

4ANDEM�23

)N� THE� DIFFICULT�23�POSTURAL� TASK�� THE� SIMPLE� EFFECT� OF�
9#�VERSUS�/#�WAS� SIGNIFICANT� IN� THE�!0� RANGE�OF�#/0�
MOVEMENT��&������	���������P����������0OST�HOC�ANALYSIS�
REVEALED�THAT�9#�HAD�A�GREATER�!0�RANGE��BUT�ONLY�IN�THE�
DUAL
TASK�CONDITION��P����������SEE�&IGURE��!	��4HE�EFFECT�

RESULTED� FROM� THE� NEAR
SIGNIFICANT� DUAL
TASK� EFFECT� THAT�
9#�EXPERIENCED�BUT�/#�DID�NOT�IN�THE�!0�RANGE�OF�#/0�
DISPLACEMENT��&������	���������P��������0OST�HOC�TESTS�OF�
THE� SIMPLE� EFFECT� OF� DUAL
� VERSUS� SINGLE
TASK� CONDITION�
SHOWED�THAT�THE�DISRUPTION�IN�POSTURAL�CONTROL�IN�THE�!0�
RANGE� OCCURRED� ONLY� IN� THE�9#�� P� �� ������ )NDIVIDUAL
�
PARTICIPANT�#/0�TRACINGS�IN�&IGURE���PROVIDE�A�CLEAR�COM

PARISON�OF�POSTURAL�CONTROL� INTERFERENCE� IN� THE�!0�RANGE�
EXPERIENCED� BY� A� �
YEAR
OLD� CHILD�� A� ��
YEAR
OLD� CHILD��
AND� AN� ADULT�� /THER� INDIVIDUAL� TRIALS� WERE� LESS� CLEAR��
ALTHOUGH�THE�OVERALL�EFFECT�OF�THE�SECONDARY�TASK�WAS�SIG

NIFICANT��&OR�THE�9#��THE�DUAL
TASK�EFFECT�ON�THE�RANGE�OF�
#/0�DISPLACEMENTS�IN�THE�!0�DIRECTION�WAS�SIGNIFICANTLY�
GREATER� IN� 23� ������M�M	� THAN� IN�73� ������M�M	�� P� ��
������SEE�&IGURE��!	�

#OGNITIVE�4ASK�0ERFORMANCE

4HE�COMPARISON�BETWEEN�THE�TWO�DEGREES�OF�COGNITIVE�TASK�
DIFFICULTY��4��4�n��	�WAS�SIGNIFICANT�FOR�BOTH�73��P���������AND�
23��P��������THUS�VALIDATING�OUR�USE�OF�A�TASK�WITH�A�COMPARABLE�
ATTENTIONAL�LOAD�BETWEEN�AGE�GROUPS��SEE�&IGURE��	�
#HANGES� IN� PROPORTIONS� OF� CORRECT� RESPONSES� AND� REAC


TION�TIMES�IN�73�VERSUS�23�DETERMINED�THE�EFFECT�OF�STANCE�
CONDITION� ON� COGNITIVE� TASK� PERFORMANCE��7E� DETERMINED�
DEVELOPMENTAL�TRENDS�BY�COMPARING�PERFORMANCES�BETWEEN�
THE� THREE� AGE� GROUPS�� 4HERE�WERE� NO� SIGNIFICANT� 'ROUP�s�
3TANCE�#ONFIGURATION�INTERACTION�EFFECTS�AND�NO�MAIN�EFFECT�
OF�GROUP�OR�STANCE�CONFIGURATION�ON�REACTION�TIMES�OR�RATE�OF�
ACCURACY�IN�73�VERSUS�23��4HOSE�FINDINGS�DEMONSTRATE�THAT�
THE�LEVEL�OF�DIFFICULTY�OF�THE�SECONDARY�TASK�WAS�EQUIVALENT�
ACROSS� THE� THREE� PARTICIPANT� GROUPS��2ATE� OF� ACCURACY�WAS�
GREATER� FOR� THE�4�n��� TRIALS� THAN�FOR� THE�4� TRIALS� FOR�ALL�AGE�
GROUPS�� CONFIRMING� THAT� PARTICIPANTS� PERFORMED� THE� COGNI

TIVE�TASK�AT�THRESHOLD�LEVELS��SEE�4ABLE��	�

3HORT
4ERM�-EMORY�#APACITY�

4HERE�WAS�A�SIGNIFICANT�DEVELOPMENTAL�TREND�IN�SHORT
TERM�
MEMORY�CAPACITY��&�����	����������P����������4HE�THRESHOLD�
FOR�RETENTION�OF�COLORED�SHAPES�IN�SHORT
TERM�MEMORY�AT�THE�
����ACCURACY�RATE�WAS�SIGNIFICANTLY�LESS�IN�9#��TWO�TO�THREE�
SHAPES	�THAN�IN�/#��FOUR�TO�FIVE�SHAPES	��P���������9#�THAN�
IN�!��FIVE�TO�SIX�SHAPES	��P����������AND�/#�THAN�IN�!��P���
������AS�SHOWN�IN�THE�TITRATION�CURVE��SEE�&IGURE��	��

$ISCUSSION

/UR�MAIN�GOAL�IN�THIS�STUDY�WAS�TO�EXAMINE�THE�INTERAC

TION� BETWEEN� DEVELOPMENT� OF� �A	� POSTURAL� CONTROL� AND� �B	�
THE� EXECUTIVE� FUNCTION� OF� ATTENTION� IN� A� DUAL
TASK� CONDI

TION��4HE�ACCURACY�OF�OUR� INTERPRETATION�OF� THAT� INTERACTION�
DEPENDED� ON� OUR� USE� OF� A� RESEARCH� DESIGN� THAT� ENABLED�
US� TO� CONTROL� THE� ATTENTIONAL� LOAD� OF� THE� COGNITIVE� TASK� ON�
THE� BASIS� OF� THE� LEVELS� OF� THE� CHILDREN�� 0REVIOUS� RESEARCH

ERS�WHO� INVESTIGATED� DUAL
TASK� EFFECTS� ON� POSTURAL� CONTROL�
HAVE� NOT� ASSESSED� THE� CAPACITY� OF� EXECUTIVE� ATTENTION� IN�
THE�DIFFERENT�PARTICIPANT�GROUPS�AND��AT�THE�SAME�TIME��HAVE�
NOT�CONTROLLED�FOR�THE�ATTENTIONAL�LOAD�OF�THE�COGNITIVE�TASK�

&)'52%� ��� !NTEROPOSTERIOR� �!0	� RANGE� AND� ROOT� MEAN�
SQUARED��2-3	�!0�VELOCITY��'RAPHS�SHOW�GROUP�-�Ò�3$�OF�
�!	�!0�RANGE�AND��"	�2-3�!0�VELOCITY�OF�CENTER�OF�PRES

SURE�DISPLACEMENT� IN� ADULTS� �!	��OLDER� CHILDREN� �/#	�� AND�
YOUNGER� CHILDREN� �9#	� IN� SINGLE� �3	� VERSUS� DUAL
TASK� �$	�
CONDITIONS� IN� WIDE� STANCE� �73	� AND� IN� MODIFIED� TANDEM�
2OMBERG�STANCE��23	�
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&)'52%� ��� #ENTER� OF� PRESSURE� �#/0	� TRACINGS� IN� TANDEM� 2OMBERG� STANCE� IN� SINGLE�
�LEFT�PANELS	�VS��DUAL
TASK��RIGHT�PANELS	�CONDITION��'RAPHS�SHOW�INDIVIDUAL
PARTICIPANT�
#/0�TRACINGS�IN�ANTEROPOSTERIOR�AND�MEDIOLATERAL�DIRECTIONS��#/0X�!0�AND�#/0Y��-,��
RESPECTIVELY	�OF��!	�YOUNG�CHILD���"	�OLDER�CHILD��AND��#	�ADULT�IN�A���
S�BLOCK�OF�FOUR�
TRIALS��
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ACROSS�GROUPS��"LANCHARD�ET�AL���������"ROWN�ET�AL���������
+ERR��#ONDON����-C$ONALD��������,A*OIE��4EASDALE��"ARD��
�� &LEURY�� ������ 2ANKIN� ET� AL��� ������ 3HUMWAY
#OOK� ET�
AL���������3HUMWAY
#OOK���7OOLLACOTT��������4EASDALE�ET�
AL�������	��4HAT�FAILURE�HAS�CONFOUNDED�THEIR�INTERPRETATION�
OF�THE�ATTENTIONAL�REQUIREMENT�OF�POSTURAL�CONTROL�AND�THEIR�
EXPLANATIONS� FOR� POSTURAL� CONTROL� INTERFERENCE� IN� A� DUAL

TASK� CONDITION�� )N� OUR� STUDY�� WE� RESOLVED� BOTH� ISSUES� BY�
USING�A�VISUAL�SHORT
TERM�MEMORY�TASK�THAT�WE�WERE�ABLE�TO�
MANIPULATE�TO�ENSURE�A�SPECIFIC�DEGREE�OF�DIFFICULTY��THRESH

OLD	��)N�ADDITION��BECAUSE�OF�THE�LINK�BETWEEN�THE�CAPACITIES�
OF� SHORT
TERM�MEMORY� AND� THE� EFFICIENCY� OF� THE� EXECUTIVE�
FUNCTION� OF� ATTENTION�� THAT� TASK� ENABLED� US� TO� OBTAIN� DATA�
CONCERNING�DEVELOPMENTAL�TRENDS�IN�THE�EXECUTIVE�FUNCTION�
OF�THE�ATTENTIONAL�SYSTEM�

"ECAUSE� RESULTS� OF� PREVIOUS� RESEARCH� �#HERNG� ET� AL���
������2IACH���(AYES�� ������2ONNCESVALLES� ET� AL��� ������
3HUMWAY
#OOK� �� 7OOLLACOTT�� ����	� HAVE� SHOWN� AN�
INCREASE�IN�BOTH�POSTURAL�CONTROL�AND�EXECUTIVE�ATTENTIONAL�
FUNCTION�WITH�AGE��WE�HYPOTHESIZED�THAT�THE�YOUNGER�CHIL

DREN� WOULD� EXPERIENCE� THE� GREATEST� INTERFERENCE� IN� POS

TURAL�CONTROL�IN�THE�DUAL
TASK�CONDITIONS��&IRST��WE�NOTED�A�
DEVELOPMENTAL� TREND� IN� THE�CONTROL�OF�POSTURE�STABILITY� IN�
BOTH�STANCE�POSITIONS��)N�WIDE�STANCE��CHILDREN�OF�BOTH�AGE�
GROUPS���n��AND��n���YEARS	�HAD�A�FASTER�#/0�VELOCITY�IN�
!0�AND�-,�DIRECTIONS� THAN�DID�ADULTS��4HAT� FINDING�SUP

PORTS�THE�RESULTS�OF�A�SIMILAR�STUDY�BY�#HERNG�ET�AL�������	��
WHO�DEMONSTRATED�THAT�CHILDREN�AT��n���YEARS�OF�AGE�HAVE�
A�GREATER�FREQUENCY�OF�BODY�SWAY�IN�THE�!0�DIRECTION�THAN�
DO�CHILDREN�OLDER�THAN����YEARS�OF�AGE��)N�THE�PRESENT�STUDY��
CHILDREN�AT��n��YEARS�OF�AGE�SWAYED�EVEN�FASTER�AND�WITH�
GREATER� DISTANCE� IN� THE� -,� DIRECTION� THAN� DID� THE� OLDER�
CHILDREN�� SUPPORTING� 3HUMWAY
#OOK� AND� 7OOLLACOTT�S�
RESULTS�� )N� THE� �MODIFIED� TANDEM� 2OMBERG	� SINGLE
TASK�
CONDITION��WE�OBSERVED�A� SIMILAR�DEVELOPMENTAL� TREND�OF�
POSTURAL�CONTROL��"OTH�AGE�GROUPS�OF�CHILDREN�HAD�SIGNIFI

CANTLY�FASTER�!0�AND�-,�BODY�SWAY��#/0�VELOCITY	�THAN�
THE�ADULTS�DID��(OWEVER��IT�WAS�THE�YOUNGER�CHILDREN�WHO�
HAD� THE� GREATEST� RANGE� OF� SWAY� IN� THE� -,� DIRECTION� IN�
COMPARISON�WITH� THOSE� OF� ADULTS� AND� OLDER� CHILDREN�� AND�
THE�GREATER�RANGE�OF�!0�SWAY�THAN�THAT�OF�ADULTS��
3ECOND�� WE� NOTED� A� DEVELOPMENTAL� TREND� IN� THE� CAPAC


ITY�OF�THE�EXECUTIVE�ATTENTIONAL�SYSTEM��7E�DETERMINED�THE�
TREND�FROM�TITRATION�TRIALS�IN�WHICH�WE�ASSESSED�PARTICIPANTS��
SHORT
TERM�MEMORY� �NUMBER� OF� COLORED� SHAPES� ACCURATELY�
HELD� IN�MEMORY	�AT�A�����ACCURACY�RATE��4HE�YOUNG�CHIL

DREN�HAD�THE�LEAST�DEVELOPED�MEMORY�CAPACITY��TWO�TO�THREE�
COLORED�SHAPES	�IN�COMPARISON�WITH�THOSE�OF�THE�OLDER�CHIL

DREN��FOUR�TO�FIVE�COLORED�SHAPES	�AND�THE�ADULTS��FIVE�TO�SIX�
COLORED�SHAPES	�
)N� THE� DUAL
TASK� CONDITION�� IT�WAS� THE� YOUNGER� CHILDREN�

WHO�EXPERIENCED�INTERFERENCE�IN�POSTURAL�CONTROL�IN�THE�!0�
DIRECTION�FOR�BOTH�STANCE�POSITIONS��)N�WIDE�STANCE��INTERFER

ENCE� IN� THEIR� CONTROL� OF� VELOCITY� AND� RANGE� OF� BODY� SWAY�
OCCURRED��)N�THE�MODIFIED�TANDEM�2OMBERG�STANCE��INTERFER

ENCE�IN�THEIR�BODY�SWAY�RANGE�OCCURRED��4HE��
�TO���
YEAR

OLD�CHILDREN�DID�NOT�DEMONSTRATE�POSTURAL�CONTROL� INTERFER

ENCE� IN� THE� DUAL
TASK� CONDITION� IN� EITHER� STANCE� POSITION��
4HOSE� FINDINGS� CONTRADICT� THE� RESULTS� OF� "LANCHARD� ET� AL��
�����	��WHO�EXAMINED�DUAL
TASK�EFFECTS�ON�POSTURAL�CONTROL�
IN�CHILDREN�AT��n���YEARS�OF�AGE��4HE�DISPARITY�BETWEEN�THE�
TWO�STUDIES�MAY�HAVE� RESULTED� FROM� THE� LEVEL�OF�DIFFICULTY�
OF� THE� DIFFERENT� COGNITIVE� TASKS� OR� THE� LEVEL� OF� DIFFICULTY�
OF� THE� POSTURAL� CONTROL� TASK�� )N� THE� STUDY�BY�"LANCHARD� ET�
AL��� CHILDREN� STOOD� IN� A� NARROW� STANCE� CONFIGURATION� �FEET�
TOGETHER	�� !NOTHER� DIFFERENCE� BETWEEN� THE� TWO� STUDIES� IS�
THAT�IN�THE�DUAL
TASK�CONDITION��WE�ELIMINATED�THE�EFFECT�OF�
ARTICULATION�ON�BODY�SWAY��9ARDLEY�ET�AL�������	�BY�SELECTING�
AN�INTERVAL�OF�TIME�BETWEEN�THE�PRESENTATION�OF�THE�STIMULUS�
AND�PARTICIPANTS��MOTOR�RESPONSE�TO�MEASURE�#/0��WHEREAS�
"LANCHARD�ET�AL��DID�NOT�
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&)'52%����'ROUP�-�AND�3$��BARS	�OF�RATE�OF�ACCURACY�ON�
THE� TWO�DEGREES�OF�COGNITIVE� TASK�DIFFICULTY�� THRESHOLD��4	��
AND�4�n���SHAPES��4
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�
�!
CC
UR
AC
Y

���

� �� �� �� �� �� �

&)'52%����4ITRATION�CURVES� FOR�DETERMINING� THRESHOLD�OF�
ACCURACY�AT������4	�

� !DULTS� /LDER�#HILDREN
� 9OUNG�#HILDREN

��

��

��

��

��

��

��

.UMBER�OF�3HAPES



$��3��2EILLY��0��VAN�$ONKELAAR��3��3AAVEDRA����-��(��7OOLLACOTT

���� *OURNAL�OF�-OTOR�"EHAVIOR

"ECAUSE� DEVELOPMENT� OF� THE� TWO� PROCESSES� OF� POSTURAL�
CONTROL�AND�EXECUTIVE�ATTENTION�OCCUR�AT�SIMILAR�RATES��POS

TURAL� CONTROL� INTERFERENCE� IN� YOUNGER� CHILDREN� COULD� BE�
THE� RESULT� OF� EITHER� THE� LIMITED� ATTENTIONAL� RESOURCES� AVAIL

ABLE� FOR� PERFORMING� BOTH� TASKS� SIMULTANEOUSLY�� THE� MORE�
UNSTABLE� STANCE� POSTURE� WITH� ITS� REQUIREMENT� OF� GREATER�
ATTENTIONAL�RESOURCES�FOR�ITS�CONTROL��OR�A�COMBINATION�OF�THE�
TWO�FACTORS��4HE�IMMATURITY�OF�PLANTAR�ARCH�DEVELOPMENT�IN�
YOUNGER� CHILDREN��WITH� THE� CONCOMITANT� POSTERIOR� LOCATION�
OF� THE� #/0� �5SUI�� -UEKAWA�� �� (IRASAWA�� ����	�� COULD�
HAVE�REDUCED�THE�POSTERIOR�BOUNDARY�OF�THEIR�STABILITY�LIM

ITS��THUS�PLACING�GREATER�ATTENTIONAL�DEMANDS�ON�CONTROLLING�
BODY�SWAY�IN�THE�!0�DIRECTION��)N�THIS�STUDY��THERE�APPEARED�
TO�BE�A�DEVELOPMENTAL�TREND�IN�THE�LOCATION�OF�THE�#/0�FROM�
A�POSTERIOR�POSITION�SEEN�IN�YOUNGER�CHILDREN�TO�A�MORE�ANTE

RIOR�POSITION�THAT�IS�OBSERVED�IN�ADULTS��SEE�&IGURE��	�
/THER�RESEARCHERS�HAVE�SHOWN�THAT�THE�SENSORY�INTEGRATIVE�

FUNCTION�FOR�POSTURAL�CONTROL�AND�EXECUTIVE�ATTENTION�DEVELOP�
AT�THE�SAME�RATE��REACHING�ADULT�LEVELS�BETWEEN�THE�AGES�OF��n
���YEARS��&ORSSBERG���.ASHNER��������&OURDRIAT��$I�&ABIO����
!NDERSON��������3HUMWAY
#OOK���7OOLLACOTT������	��BUT�
WE�DID�NOT�ADDRESS�THAT� ISSUE�IN�THIS�STUDY��0OSTURAL�CONTROL�
INTERFERENCE�IN�YOUNGER�CHILDREN�IN�THE�PRESENT�STUDY�MAY�ALSO�
HAVE� RESULTED� FROM� IMMATURITY� OF� THEIR� SENSORY� INTEGRATIVE�
FUNCTION�AND�A�REDUCED�ABILITY�TO�REWEIGHT�THE�SENSES�FOR�POS

TURAL�CONTROL�WHEN�THE�PROCESSING�OF�VISUAL�STIMULI�RELEVANT�TO�
MAINTAINING�BALANCE�COMPETED�WITH�THE�PROCESSING�OF�VISUAL�
STIMULI�REQUIRED�FOR�VISUAL�PERCEPTION�OF�COLORED�OBJECTS��4HE�
OLDER� CHILDREN�AND�ADULTS�WITH� THE�MORE�DEVELOPED� SENSORY�
INTEGRATIVE�FUNCTION�MAY�HAVE�BEEN�ABLE�TO�REWEIGHT�THE�CON

TROL�OF�POSTURE�STABILITY�THROUGH�SOMATOSENSORY�AND�VESTIBULAR�
STIMULI�� THUS�AVOIDING�THE�BOTTLENECK�OF�VISUAL�STIMULI�COM

PETING�FOR�PROCESSING�
7E�PREDICTED�THAT�THERE�WOULD�BE�A�DEVELOPMENTAL�TREND�

IN�THE�ATTENTIONAL�REQUIREMENT�FOR�CONTROLLING�POSTURE�STABIL

ITY� IN� THE�MORE� UNSTABLE� POSITION� OF� THE�MODIFIED� TANDEM�
2OMBERG� STANCE�� 4HE� DIFFERENCES� IN� BODY� SWAY� BETWEEN�
OLDER� CHILDREN� AND� ADULTS� INCREASED� IN� MAGNITUDE� IN� THE�
MORE�DIFFICULT��MODIFIED�TANDEM�2OMBERG�POSTURAL�CONTROL�
TASK�IN�COMPARISON�WITH�THAT�IN�SHOULDER
WIDTH�STANCE��BUT�
IT�WAS�THE�YOUNGER�CHILDREN�WHO�WERE�THE�MOST�UNSTABLE�IN�
THE�MORE�DIFFICULT�STANCE�POSITION��4HE�RATE�OF�ACCURACY�OF�
ALL�AGE�GROUPS�ON�THE�COGNITIVE�TASK�DID�NOT�DECLINE�SIGNIFI

CANTLY�WHEN�THEY�PERFORMED�THE�MODIFIED�TANDEM�2OMBERG�
STANCE��4HAT�FINDING�INDICATES�THAT�WHEN�THE�OLDER�CHILDREN�
AND�ADULTS�PERFORMED�THE�ATTENTIONALLY�DEMANDING�COGNITIVE�
TASK� IN� THE� MODIFIED� TANDEM� 2OMBERG� STANCE� EITHER� THEY�
DID� NOT� NEED� MORE� ATTENTIONAL� RESOURCES� THAN� WHEN� THEY�
PERFORMED�THE�SAME�TASK� IN�WIDE�STANCE�OR� THEIR�EXECUTIVE�
ATTENTION�CAPACITY�WAS�SUFFICIENTLY�DEVELOPED�FOR�THE�SIMUL

TANEOUS� PROCESSING� OF� THE� TWO� ATTENTIONALLY� DEMANDING�
TASKS�� 4HE� FINDING� THAT� THE� YOUNGER� CHILDREN� EXPERIENCED�
DUAL
TASK� INTERFERENCE� IN� POSTURAL� CONTROL� IN� BOTH� STANCE�
POSITIONS��BUT�AN�EVEN�GREATER� INTERFERENCE�IN� THE�MODIFIED�
TANDEM�2OMBERG�STANCE��SUGGESTS�THAT�THE�YOUNGER�CHILDREN�
HAD� TO�ALLOCATE�GREATER�ATTENTIONAL� RESOURCES� TO�CONTROLLING�

POSTURE�STABILITY�IN�THAT�POSITION�THAN�IN�THE�EASIER�POSTURAL�
CONTROL�TASK�OF�WIDE�STANCE��

,IMITATIONS�OF�THE�3TUDY

!LTHOUGH� OUR� PREMISE� IN� THIS� STUDY� WAS� BASED� ON� THE�
LIMITED�CAPACITY�THEORY�OF�ATTENTION��+AHNEMAN������	��AN�
ALTERNATE� THEORY� OF� SELECTION� FOR� ACTION� MAY� WELL� EXPLAIN�
THE� DUAL
TASK� EFFECTS� ON� POSTURAL� CONTROL� OBSERVED� IN� THE�
YOUNGER�CHILDREN��!CCORDING�TO�.EUMANN������	��TWO�TASKS�
THAT� ARE� COMPETING� FOR� ATTENTIONAL� RESOURCES� ARE� NOT� INDE

PENDENT� ACTIONS� BUT� INSTEAD� ARE� COMBINED� BY� THE� NEURO

MOTOR� SYSTEM� INTO�ONE� SKILL� THAT� REQUIRES� ACTION�PLANNING��
!CCORDING�TO�THIS�MODEL��THE�NERVOUS�SYSTEM�MUST�INTEGRATE�
THE�TWO�ACTIVITIES�THROUGH�ACTION�PLANNING��AND�COORDINATION�
OF�THE�PERFORMANCE�OF�THE�TWO�TASKS�IMPROVES�WITH�PRACTICE��
WITH� THE� RESULT� THAT� THE� SITUATION� BECOMES� A� HIGHER� ORDER�
SINGLE� TASK��0ELLECCHIA� �����	�DEMONSTRATED� THAT�DUAL
TASK�
TRAINING� CAN� LESSEN� DUAL
TASK� EFFECTS� ON� POSTURAL� CONTROL��
AND�CONCLUDED�THAT�THAT�FINDING�SUPPORTS�.EUMANN�S�THEORY��
0ELLECCHIA�STATED�THAT�THE�FACT�THAT�DUAL
TASK��BUT�NOT�SINGLE

TASK�� TRAINING� ELIMINATED� DUAL
TASK� INTERFERENCE� IS� COUNTER�
TO� THE�PREDICTION�OF� LIMITED� CAPACITY� THEORIES� OF� ATTENTION��
3HE� BELIEVES� THAT� THE� DUAL
TASK� TRAINING� EFFECT� SHOWS� THAT�
INDIVIDUALS� CAN� BEST� LEARN� DUAL
TASK� SKILLS� THROUGH� DUAL

TASK�PRACTICE�RATHER�THAN�BY�PRACTICING�THE�TASKS�SEPARATELY��
THEREBY�REDUCING�THE�ATTENTIONAL�RESOURCES�REQUIRED�OF�EACH�
SINGLE�TASK��4HEREFORE��ACCORDING�TO�THE�MODEL��THE�YOUNGER�
CHILDREN�MAY�HAVE�HAD� THE�GREATEST� POSTURAL� CONTROL� INTER

FERENCE� IN� COMPARISON�WITH� THAT� EXPERIENCED� BY� THE� OLDER�
CHILDREN�AND�ADULTS�BECAUSE�THEY�HAD�THE�LEAST�EXPOSURE�TO�
THE�DUAL
TASK�SETTINGS�
)N�ADDITION��THE�RESULTS�OF�3TOFFREGEN��3MART��"ARDY��AND�

0AGULAYAN������	�SUGGEST�THAT�POSTURAL�TASKS�ARE�NOT�ORGA

NIZED� INDEPENDENTLY� OF� OTHER� TASKS� IN� A� DUAL
TASK� CONTEXT�
�CALLED�SUPRAPOSTURAL� TASKS	��3TOFFREGEN�ET�AL�� SHOWED� THAT�
WHEN�POSTURAL�CONTROL�IS�COMBINED�WITH�CERTAIN�VISUAL�TASKS�
IN�ADULTS��THE�VISUOMOTOR�SYSTEM�MAY�REDUCE�POSTURAL�SWAY�
TO�STABILIZE�THE�VISUAL�IMAGE�FOR�PERFORMANCE�OF�THE�SECOND�
TASK�� )T� IS� THEREFORE�POSSIBLE� THAT�OLDER�CHILDREN�AND�ADULTS�
HAVE� THE� ABILITY� TO� APPROPRIATELY� STABILIZE� POSTURE� WHEN�
PERFORMING� A� VISUALLY� DEMANDING� TASK�� WHEREAS� YOUNGER�
CHILDREN�DO�NOT��)T� IS�ALSO�POSSIBLE�THAT�DEVELOPMENTAL�DIF

FERENCES�IN�SUCH�VISUAL�FUNCTIONS�AS�CONTRAST�SENSITIVITY�MAY�
INFLUENCE�THE�LEVEL�OF�PERFORMANCE�OF�DIFFERENT�AGE�GROUPS�
WHEN�THEY�PERFORM�A�POSTURAL� TASK�AND�A�SECONDARY�VISUAL�
TASK��+INSELLA
3HAW��(ARRISON��#OLON
3EMENZA����4URVEY��
����	�� (OWEVER�� WE� DID� NOT� MEASURE� THE� DIFFERENT� AGE�
GROUPS��VISUAL�CONTRAST�SENSITIVITY�

!PPLICATIONS�OF�4HIS�2ESEARCH�TO�THE�!CADEMIC�3ETTING

!RE�THE�EXTRANEOUS�MOVEMENTS�OF�YOUNGER�CHILDREN�IN�THE�
ACADEMIC�SETTING��ESPECIALLY�THOSE�DIAGNOSED�WITH�ATTENTION�
DEFICIT� DISORDERS�WITH� HYPERACTIVITY�� THE� RESULT� OF� A� DEFICIT�
OF�ATTENTION�OR�ARE�THERE�OTHER�CONTRIBUTING�FACTORS��)N�THIS�
STUDY�� WE� PROVIDED� EVIDENCE� FOR� AN� INTERACTION� BETWEEN�
DEVELOPMENT�OF�POSTURAL�CONTROL�AND�DEVELOPMENT�OF�EXECU
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TIVE�ATTENTION�IN�DUAL
TASK�SITUATIONS��4HE�OLDER�CHILDREN�WITH�
THE�MORE�DEVELOPED�POSTURAL�CONTROL�AND�EXECUTIVE�ATTENTION�
SYSTEMS�DID�NOT�EXPERIENCE�DUAL
TASK�INTERFERENCE�IN�EITHER�
THE� POSTURAL� OR� SECONDARY� TASK�� EVEN�WITH� AN� ATTENTIONALLY�
DEMANDING�COGNITIVE�TASK��4HE�YOUNGER�CHILDREN��WITH�LESS�
MATURATION� OF� THE� TWO� SYSTEMS�� EXPERIENCED� POSTURAL� CON

TROL� INTERFERENCE� THAT� INCREASED� WHEN� THE� ATTENTIONAL� LOAD�
OF� THE� POSTURAL� TASK� INCREASED��4HEREFORE�� EARLY� CHILDHOOD�
EDUCATORS� SHOULD� CONSIDER� THAT� INTERACTION� WHEN� PLANNING�
AN�ACADEMIC�CURRICULUM�AND�CREATING�AN�ENVIRONMENT�MOST�
CONDUCIVE� TO� LEARNING�� )N� YOUNGER� CHILDREN�� AN� ATTENTION

ALLY�DEMANDING� COGNITIVE� TASK�MAY�OVERLOAD� THE�NATURALLY�
LIMITED� ATTENTIONAL� RESOURCES�� RESULTING� IN� POSTURAL� CONTROL�
INTERFERENCE�AND�MANIFESTING�AS�EXTRANEOUS�MOVEMENTS��
4O� REDUCE� THE� ATTENTIONAL� DEMANDS� OF� POSTURAL� CONTROL�

AND� OPTIMIZE� COGNITIVE� TASK� PERFORMANCE� IN� THE� DUAL
TASK�
CONDITION�� ONE� MUST� PROVIDE� YOUNGER� CHILDREN� WITH� GOOD�
POSTURAL� SUPPORT�� ESPECIALLY� WHEN� THEY� USE� CHAIRS�� DESKS��
OR�BOTH��)N�THIS�STUDY��WE�SHOWED�THAT�EVEN�WHEN�YOUNGER�
CHILDREN�WERE� IN� THE�MORE�UNSTABLE�POSITION� �WHICH� COULD�
RESULT� IN�A� LOSS�OF�BALANCE�WITH�INCREASED�INSTABILITY	�� THEY�
COMPROMISED� POSTURE� STABILITY� FOR� THE� PERFORMANCE� OF� THE�
COGNITIVE�TASK��"ECAUSE�THERE�MAY�ALSO�BE�COMPETITION�FOR�
VISUAL�RESOURCES�BETWEEN�POSTURAL�TASKS�AND�SECONDARY�TASKS�
REQUIRING� VISUAL� PROCESSING�� REDUCING� EXTRANEOUS� VISUAL�
STIMULI� IN� THE� CLASSROOM� ENVIRONMENT� MAY� DECREASE� THE�
DEGREE�OF�COMPETITION�FOR�THOSE�ATTENTIONAL�RESOURCES�
-OREOVER�� THE�RESULTS�OF� THIS�STUDY�SUPPORT� THE�NEED�FOR�

EDUCATORS� TO� INCLUDE� IN� THE�CURRICULUM�FOR�CHILDREN�AT��n��
YEARS�OF�AGE�A�PROGRAM�OF�PERCEPTUAL
MOTOR�ACTIVITIES� THAT�
EMPHASIZES�THE�DEVELOPMENT�OF�POSTURAL�CONTROL��4HE�MORE�
AUTOMATIC�THE�POSTURAL�CONTROL��THE�LESS�ATTENTIONAL�RESOURCES�
ARE� REQUIRED� FOR� POSTURAL� CONTROL� TASKS� AND� THEREFORE� THE�
MORE�ATTENTIONAL�RESOURCES�SHOULD�BE�AVAILABLE�FOR�COGNITIVE�
PROCESSING�
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