
Revista Educación Física y Deporte, n. 32-2, 2013, Funámbulos Editores 1523

Physical Activity monitors: Limitations to measure 
physical activity in the free-living environment

Monitores de Actividad Física: limitaciones para medir la actividad física en la vida cotidiana

Yuri Feito1

1  Ph.D, MPH, Assistant Professor of Exercise Science, Dept. Exercise Science & Sport Management, 

kennesaw.edu

Cómo citar este artículo: Feito Y. (2013). Physical Activity monitors: Limitations to measure physical activi-
ty in the free-living environment. En: Revista Educación física y deporte.  Vol. 32-2 p.1523-1532

Resumen 

7HQLHQGR�HQ�FXHQWD�ODV�OLPLWDFLRQHV�GH�ORV�Pp-
WRGRV�GH�DXWR� LQIRUPH�SDUD�PHGLU�SDWURQHV�GH�
DFWLYLGDG� ItVLFD� FRQ�SUHFLVLyQ\� OD� IRUPD�SRFR�
SUiFWLFD�GH� OD�REVHUYDFLyQ�GLUHFWD��D� WUDYpV�GH�
ORV�DxRV�LQYHVWLJDGRUHV�KDQ�GHVDUUROODGR�PHGL-
GDV�REMHWLYDV�TXH�VRQ�YiOLGDV\�FRQ¿DEOHV�SDUD�
HVWLPDU�OD�DFWLYLGDG�ItVLFD��$FHOHUyPHWURV�\�SR-
GyPHWURV�SURSRUFLRQDQ�HVWLPDFLRQHV�SUHFLVDV�GH�
OD�DFWLYLGDG�ItVLFD�HQ�DPELHQWHV�FRQWURODGRV�\�HQ�
OD�YLGD�FRWLGLDQD��6LQ�HPEDUJR��HVWRV�GLVSRVLWLYRV�
WLHQHQ�OLPLWDFLRQHV�TXH�GHEHQ�VHU�FRQVLGHUDGDV�
DQWHV�GH� VX�XVR�� �$FHOHUyPHWURV�SURSRUFLRQDQ�
XQD�JUDQ�FDQWLGDG�GH�LQIRUPDFLyQ��SRU�HMHPSOR��
DFWLYLGDG��LQWHQVLGDG��ODV�HVWLPDFLRQHV�GH�JDVWR-
GH�HQHUJtD���VLQ�HPEDUJR��VRQ�FDURV�\�UHTXLHUHQ�
XQ�JUDQ�FRQRFLPLHQWR�\�KDELOLGDG�WpFQLFD�SDUD�
VHU�XWLOL]DGRV�FRQ�p[LWR���3RGyPHWURV�UHTXLHUHQ�
PHQRV�KDELOLGDG�WpFQLFD�\�VRQ�PHQRV�FRVWRVRV��
SHUR�OD�PD\RUtD�VH�OLPLWDQ�DO�Q~PHUR�GH�SDVRV�
GDGRV�SRU�XQ�LQGLYLGXR�

Palabras Clave: SRGyPHWURV�� DFHOHUyPHWURV��
PRQLWRUHV� GH� DFWLYLGDG� ItVLFD�� YLGD� FRWLGLDQD��
FDPLQDU

Abstract

&RQVLGHULQJ� WKH� OLPLWDWLRQV� RI� VHOI�UHSRUW�
PHWKRGV�WR�DFFXUDWHO\�PHDVXUH�SK\VLFDO�DFWLYLW\�

SDWWHUV��DQG�KRZ�LPSUDFWLFDO�GLUHFW�REVHUYDWLRQ�
LV�� UHVHDUFKHUV�KDYH�GHYHORSHG�REMHFWLYH�PHD-
VXUHV�WR�HVWLPDWH�SK\VLFDO�DFWLYLW\�WKDW�DUH�YDOLG�
DQG� UHOLDEOH�� �$FFHOHURPHWHUV� DQG�SHGRPHWHUV�
SURYLGH�DFFXUDWH�HVWLPDWHV�RI�SK\VLFDO�DFWLYLW\�LQ�
FRQWUROOHG�DQG�IUHH�OLYLQJ�HQYLURQPHQWV��+RZH-
YHU��WKHVH�GHYLFHV�KDYH�OLPLWDWLRQV�WKDW�PXVW�EH�
FRQVLGHUHG� SULRU� WR� WKHLU� XVH��$FFHOHURPHWHUV�
SURYLGH� WKH�PRVW� LQIRUPDWLRQ� �H�J�� DFWLYLW\��
LQWHQVLW\��HQHUJ\�H[SHQGLWXUH�HVWLPDWHV���KRZH-
YHU�� WKH\�DUH�H[SHQVLYH�DQG�UHTXLUH�VLJQL¿FDQW�
WHFKQLFDO�NQRZOHGJH�DQG�VNLOO�IRU�VXFFHVVIXO�XVH���
3HGRPHWHUV�UHTXLUH�OHVV�WHFKQLFDO�VNLOO�DQG�DUH�
OHVV�H[SHQVLYH��EXW�WKHLU�RXWSXW�GDWD�LV�OLPLWHG�
WR�WKH�QXPEHU�RI�VWHSV�WDNHQ�E\�DQ�LQGLYLGXDO�

Keywords: 3HGRPHWHUV��$FFHOHURPHWHUV��3K\VL-
FDO�$FWLYLW\�0RQLWRUV��)UHH�/LYLQJ�(QYLURQPHQW��
:DONLQJ

Introduction

$FFXUDWHO\�PHDVXULQJ� SK\VLFDO� DFWLYLW\� �3$��
KDV� EHHQ� LPSRUWDQW� WR� LQYHVWLJDWRUV� RYHU� WKH�
\HDUV��7RGD\�� VXUYHLOODQFH� V\VWHPV� WKURXJKRXW�
WKH�ZRUOG� XVH� REMHFWLYH�PHDVXUHV� WR� HVWLPDWH�
VHFXODU�WUHQGV�LQ�SK\VLFDO�DFWLYLW\�DPRQJ�DGXOWV�
DQG�FKLOGUHQ��+DZNLQV�	�FRO���������5LGGRFK	�
FRO���������7UHPEOD\	�FRO���������7URLDQR	�FRO��
�������(YHQ�WKRXJK�GLUHFW�REVHUYDWLRQ�LV�FRQVL-
GHUHG�WKH�EHVW�ZD\�WR�PHDVXUH�D�SHUVRQ¶V�DFWLYLW\�
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OHYHO��WKLV�PHWKRG�LV�QHLWKHU�SUDFWLFDO�QRU�UHDOLV-
WLF��WKHUHIRUH��LQYHVWLJDWRUV�KDYH�UHOLHG�RQ�VHOI�
UHSRUW�PHWKRGV��H�J��VXUYH\V��GLDULHV��WR�DVVHVV�
3$�SDWWHUQV��6DOOLV�	�6DHOHQV����������+RZHYHU��
WKHVH�PHWKRGV�WHQG�WR�EH�OLPLWHG��DV�SXUSRVHIXO��
PRUH�LQWHQVH�DFWLYLWLHV�DUH�PRUH�HDVLO\�UHFDOOHG�
WKDQ� HYHU\GD\� DFWLYLWLHV��ZKLFK� FRXOG�SURYLGH�
LPSUHFLVH� HVWLPDWHV� RI� RYHUDOO� GDLO\� SK\VLFDO�
DFWLYLW\� �$LQVZRUWK	� FRO�� ������%DUDQRZVNL��
������6DOOLV�	�6DHOHQV��������:DUQHFNH	�FRO���
�������+HQFH��UHVHDUFKHUV�KDYH�VXJJHVWHG�XVLQJ�
GHYLFHV��VXFK�DV�SHGRPHWHUV�DQG�DFFHOHURPHWHUV��
ZKLFK�SURYLGH�REMHFWLYH�PHDVXUHV�DQG�FDQ�PRUH�
DFFXUDWHO\�PHDVXUH�3$�OHYHOV�WKURXJKRXW�WKH�GD\�
�6DOOLV�	�6DHOHQV��������

&RQVLGHULQJ� WKDW�ZDONLQJ� LV� D� FRPPRQ� DQG�
LQH[SHQVLYH�PRGH�RI�SK\VLFDO�DFWLYLW\��DYDLODEOH�
WR�SHRSOH� WKURXJKRXW� WKH�ZRUOG� �+DOODO	�FRO���
�������SHGRPHWHUV�DQG�DFFHOHURPHWHUV�SURYLGH�
D� VPDOO� DQG�SRUWDEOH�ZD\� WR�PHDVXUHPHQW�3$�
OHYHOV��ZKLOH�EHLQJ�PLQLPDOO\�LQWUXVLYH�WR�DQ�LQ-
GLYLGXDO��7KH�YDOLGLW\�DQG�UHOLDELOLW\�RI�WKHVH�GH-
YLFHV�KDV�EHHQ�ZLGHO\�VWXGLHG�ZLWK�JRRG�UHVXOWV�
�%DVVHWW��������%DVVHWW	�FRO���������%DVVHWW	�
FRO���������&URXWHU	�FRO���������6FKQHLGHU	�FRO��
������6FKQHLGHU	�FRO����������DQG�WKHLU�XVH�LQ�
3$�LQWHUYHQWLRQV�KDV�EHHQ�VKRZQ�WR�EH�EHQH¿FLDO�
�%UDYDWD	�FRO���������5LFKDUGVRQ	�FRO����������
+RZHYHU�� VRPH� OLPLWDWLRQV� H[LVW��ZKLFK�PD\�
OLPLW� WKH� DSSOLFDELOLW\� RI� WKHVH� GHYLFHV� IRU� DOO�
SRSXODWLRQV��L�H��HOGHUO\��REHVH����3ULPDULO\��WKHUH�
VHHPV�WR�EH�D�VSHHG�WKUHVKROG�EHORZ�ZKLFK�WKHVH�
GHYLFHV�ORVH�DFFXUDF\�DQG�WHQG�WR�XQGHUHVWLPDWH�
DFWLYLW\�OHYHOV��DV�WKH�PDJQLWXGH�RI�WKH�YHUWLFDO�
accelerations recorded tends to be below the 
GHYLFHV¶� VHQVLWLYLW\� WKUHVKROGV� �&URXWHU	�FRO���
������(VOLJHU	�FRO���������5RWKQH\	�FRO���������
6FKQHLGHU	�FRO����������$GGLWLRQDOO\��DEGRPLQDO�
DGLSRVLW\�VHHPV�WR�KDYH�D�QHJDWLYH�HIIHFW�RQ�VRPH�
DFFHOHURPHWHUV�DQG�VSULQJ�OHYHUHG�SHGRPHWHUV��
FDXVLQJ�WKHP�WR�VLJQL¿FDQWO\�XQGHUHVWLPDWH�3$�LQ�
RYHUZHLJKW�DQG�REHVH�LQGLYLGXDOV��2Q�WKH�RWKHU�
KDQG��SLH]RHOHFWULF�PRQLWRUV�GR�QRW�VHHP�WR�EH�
DIIHFWHG� E\� DEGRPLQDO� DGLSRVLW\� RU� WLOW�DQJOH��
WKHUHE\�PDNLQJ�WKHP�PRUH�DSSURSULDWH�WR�PHD-
VXUH�3$�DPRQJ�RYHUZHLJKW�DQG�REHVH�LQGLYLGXDOV�
�&URXWHU	�FRO��� ������0HODQVRQ	�FRO��� ������
6KHSKHUG	� FRO��� ������� �$V� D� UHVXOW� RI� WKHVH�
OLPLWDWLRQV��VRPH�LQYHVWLJDWRUV�KDYH�VXJJHVWHG�

WKH�XVH�RI�DQNOH�ERUQH�GHYLFHV�LQ�RUGHU�WR�DYRLG�
WKHVH�OLPLWDWLRQV�DQG�SURYLGH�PRUH�DFFXUDWH�HV-
WLPDWHV�RI�SK\VLFDO�DFWLYLW\��DV�WKHVH�GHYLFHV�DUH�
QRW�DIIHFWHG�E\�VORZ�ZDONLQJ�VSHHG�RU�DGLSRVLW\�
�)RVWHU	�FRO���������.DUDEXOXW	�FRO����������

7KH� SXUSRVH� RI� WKLV� DUWLFOH� LV� WR� LGHQWLI\� DQG�
UHYLHZ�VHYHUDO�DFWLYLW\�PRQLWRUV� WKDW�DUH�PRVW�
FRPPRQO\�XVHG�LQ�UHVHDUFK��,Q�DGGLWLRQ��LW�ZLOO�
VXPPDUL]H�VHYHUDO�RI�WKHLU�OLPLWDWLRQV�JLYLQJ�WKH�
UHDGHU�D�JUHDWHU�XQGHUVWDQGLQJ�RI�KRZ�WKHVH�GH-
YLFHV�FDQ�EH�XVHG�WR�DFFXUDWHO\�PHDVXUH�SK\VLFDO�
DFWLYLW\�LQ�WKH�IUHH�OLYLQJ�HQYLURQPHQW�

Activity Monitors

Accelerometers

7KH� DFFHOHURPHWHUV� XVHG� LQ� SK\VLFDO� DFWLYLW\�
UHVHDUFK�DUH�GHVLJQHG�WR�PHDVXUH�KXPDQ�PRYH-
PHQW�WKURXJK�FKDQJHV�LQ�DFFHOHUDWLRQ��ZKLFK�FDQ�
WKHQ�EH�XVHG�WR�HVWLPDWH�3$�RYHU�WLPH���$GYDQFHV�
LQ�WHFKQRORJ\�KDYH�DOORZHG�WKH�GHYHORSPHQW�RI�
VPDOO��SRUWDEOH��DQG�PLQLPDOO\�LQWUXVLYH�GHYLFHV�
WKDW� DFFXUDWHO\� DVVHVV�PRYHPHQW� SDWWHUQV� DQG�
UHFRUG�3$�DQG�HQHUJ\�H[SHQGLWXUH��&KHQ�	�%DV-
VHWW��������7XGRU�/RFNH�	�FRO����������+RZHYHU��
WKHVH�GHYLFHV�WHQG�WR�KDYH�D�UHODWLYHO\�KLJK�FRVW��
UHTXLUH�D�KLJK�OHYHO�RI�WHFKQLFDO�H[SHUWLVH�WR�DF-
cess and interpret their data, as well as, the need 
IRU�DGGLWLRQDO�KDUGZDUH�DQG�VRIWZDUH��ZKLFK�PD\�
OLPLW�WKHLU�XVHIXOQHVV�IRU�ODUJH�VFDOH�VWXGLHV�DQG�
PRVW�LQYHVWLJDWRUV��7XGRU�/RFNH	�FRO���������

$OWKRXJK�GLIIHUHQW�W\SH�RI�DFFHOHURPHWHUV�H[LVWV�
�H�J�� SLH]RHOHFWULF� FU\VWDOV�� SLH]RUHVLVWLYH� DQG�
HOHFWURQLF�SLH]RHOHFWULF�VHQVRUV���PRVW�GHYLFHV�
XVH�D�YDULDWLRQ�RI�D�VSULQJ�PDVV�V\VWHP�FRQWDL-
QLQJ�D�VHLVPLF�PDVV�DQG�D�SLH]RHOHFWULF�VHQVRU�
LQ�D�FDQWLOHYHU�EHDP��RU�LQWHJUDWHG�FKLS�VHQVRU�
GHVLJQ�� ,Q� HLWKHU� GHVLJQ��ZKHQ� DFFHOHUDWLRQ� LV�
DSSOLHG��WKH�VHLVPLF�PDVV�UHVSRQGV�E\�DSSO\LQJ�
IRUFH� WR� WKH�SLH]RHOHFWULF� VHQVRU�� FDXVLQJ� LW� WR�
EHQG�RU�FRPSUHVV��&KHQ	�FRO���������0DWKLH	�
FRO����������$FFHOHURPHWHUV�GHVLJQHG�WR�PHDVXUH�
DPEXODWRU\�DFWLYLW\�XVH�RQH�RU�PRUH�SLH]RHOHFWULF�
VHQVRUV�WKDW�UHVSRQG�WR�FKDQJHV�LQ�DFFHOHUDWLRQ�
LQ�HLWKHU�D�VLQJOH�RU�PXOWLSOH�RUWKRJRQDO�SODQHV�
�DQWHURSRVWHULRU��PHGLRODWHUDO�� DQG� YHUWLFDO��
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�&KHQ�	�%DVVHWW���������7KH�SLH]RHOHFWULF�VHQVRU�
LV�PRVW�VHQVLWLYH�LQ�D�YHUWLFDO�GLUHFWLRQ��WKHUHIRUH��
LW�LV�RIWHQ�UHIHUUHG�WR�DV�XQLD[LDO��DV�LW�SULPDULO\�
UHFRUGV�DFFHOHUDWLRQ�LQ�WKH�YHUWLFDO�SODQH��&KHQ�	�
%DVVHWW����������'HYLFHV�WKDW�FRQWDLQ�WZR�RU�PRUH�
DFFHOHURPHWHUV�WKDW�PHDVXUH�DFFHOHUDWLRQV�LQ�WKH�
DQWHURSRVWHULRU�DQG�RU�ODWHUDO�SODQHV�DUH�VDLG�WR�
EH�ELD[LDO�RU� WULD[LDO��2PQLGLUHFWLRQDO�GHYLFHV�
WKHRUHWLFDOO\� DVVHVV� DFFHOHUDWLRQV� LQ�PXOWLSOH�
SODQHV��EXW�DUH�PRVW�VHQVLWLYH�WR�PRYHPHQW�LQ�D�
VLQJOH�SODQH��&KHQ�	�%DVVHWW���������

'XULQJ�SK\VLFDO�DFWLYLW\��WKH�UDZ�DFFHOHUDWLRQV�
DUH�FRQYHUWHG�WR�³DFWLYLW\�FRXQWV´�E\�WKH�VXP-
PDWLRQ�RI�DFFHOHUDWLRQ�DEVROXWH�YDOXHV��WKURXJK�
D� VSHFL¿HG� SHULRG� RI� WLPH� �L�H�� FRXQWVÂPLQ-1��
�$FWLJUDSK��������&KHQ�	�%DVVHWW���������7KHVH�
DFFHOHUDWLRQV�DUH�SURSRUWLRQDO�WR�PXVFXODU�IRUFHV�
and thus these counts can hypothetically trans-
ODWHG� LQWR� HQHUJ\� H[SHQGLWXUH� �((�� �)UHHGVRQ�
	�0LOOHU���������7KH�JHQHUDO�FRQVHQVXV�LV�WKDW�
DFFHOHURPHWHUV�SURYLGH�DQ�DFFXUDWH�DVVHVVPHQW�
RI�SK\VLFDO�DFWLYLW\��EXW�OHVV�DFFXUDWH�SUHGLFWLRQ�
RI�((��HVSHFLDOO\�LQ�WKH�IUHH�OLYLQJ�HQYLURQPHQW�
�:HON��������

ActiGraph

7KH�$FWL*UDSK��$*��*7�;���$FWL*UDSK��//&��
3HQVDFROD��)/���DQG�LWV�ZLUHOHVV�FRXQWHUSDUW�WKH�
Z*7�;���DUH�UHODWLYHO\�VPDOO�����FP�[����FP�[�
���FP�����J���)LJXUH����DQG�UHFRUG�DFFHOHUDWLRQV�
LQ�WKH�UDQJH�RI������±�����*¶V���7KLV�GHYLFH�GLJLWL-
]HV�3$�WKURXJK�D����ELW�$�'�FRQYHUWHU�DW����±�����
+HUW]�LQ����+]�LQFUHPHQWV��SURYLGLQJ�WKUHH�WLPHV�
PRUH�VDPSOLQJ�FDSDELOLWLHV�WKDQ�LWV�SUHGHFHVVRU���
6DPSOLQJ�LQWHUYDOV��HSRFKV��FDQ�EH�VHW�DV�ORZ�DV�
��VHFRQG��WR�DV�KLJK�DV����VHFRQGV���7KH�$*¶V�
DUH� FDSDEOH� RI�PHDVXULQJ� DFWLYLW\� FRXQWV� DQG�
DFWLYLW\�OHYHOV��VWHSV�WDNHQ��DQG�HQHUJ\�H[SHQGL-
WXUH���7KH\�KDYH�D�PHPRU\�FDSDFLW\�RI�����0%��
ZKLFK�DOORZV� IRU�XS� WR����GD\V�RI�FRQWLQXRXV�
PHDVXUHPHQW��$FWLJUDSK��������

7KH�$*�LV�PRVW�FRPPRQO\�XVHG�DFFHOHURPHWHU�LQ�
3$�UHVHDUFK�WRGD\��DQG�DOWKRXJK�VHYHUDO�YHUVLRQV�
KDYH� EHHQ� LQWURGXFHG� WKURXJKRXW� WKH� \HDUV� LW�
KDV�VKRZQ�WR�EH�D�YDOLG�DQG�UHOLDEOH�WR�PHDVXUH�
SK\VLFDO�DFWLYLW\� �%DVVHWW��������+HQGHOPDQ	�
FRO�������� -DQ]�� ������0HODQVRQ�	�)UHHGVRQ��

�������DQG�WR�HVWLPDWH�HQHUJ\�H[SHQGLWXUH��&URX-
WHU	�FRO���������&URXWHU	�FRO���������)UHHGVRQ	�
FRO��� ������.LQJ	� FRO��������5RWKQH\	� FRO���
6ZDUW]	�FRO���������

Actical

7KH�$FWLFDO� �$&��3KLOOLSV�5HVSLWURQLFV��%HQG��
25��LV�FRQVLGHUHG�DQ�³RPQL�GLUHFWLRQDO´�GHYL-
FH��FDSDEOH�RI�UHFRUGLQJ�LQ�PXOWLSOH�GLUHFWLRQV��
DOWKRXJK�LV�PRVW�VHQVLWLYH�LQ�WKH�YHUWLFDO�SODQH�
�+HLO���������7KLV�GHYLFH�LV�WKH�VPDOOHVW�GHYLFH�
DYDLODEOH������[�����[�����FP��ZHLJKWLQJ�RQO\����
J��)LJXUH�����,W�KDV�WKH�FDSDELOLW\�WR�UHFRUG�XS�WR�
���GD\V�RI�GDWD�WLPH�LQ���PLQXWH�HSRFKV���(YHQ�
WKRXJK�WKH�GHYLFH�FDQ�EH�ZRUQ�RQ�PXOWLSOH�VLWHV�
�L�H��ZULVW��KLS��RU�DQNOH���WKH�KLS�LV�WKH�SUHIHUUHG�
ZHDULQJ�VLWH���7KH�$FWLFDO�GHWHFWV�ORZ�IUHTXHQF\�
DFFHOHUDWLRQV�LQ� WKH�UDQJH�RI������±���*�������
±�����+]��FRPPRQ�WR�KXPDQ�PRYHPHQW��+HLO��
'�3��� ������� � 6LPLODUO\� WR� WKH�$FWL*UDSK�� WKLV�
GHYLFH� VDPSOLQJ� LQWHUYDOV� �HSRFKV�� FDQ�EH� VHW�
WR�D�PLQLPXP�RI�RQH�VHFRQG��DQG�DV�KLJK�DV����
VHFRQGV��7KH�DFFHOHUDWLRQV�UHFRUGHG�E\�WKH�LQWHU-
QDO�PHFKDQLVP�JHQHUDWH�DQ�DQDORJ�YROWDJH�WKDW�
LV�¿OWHUHG��DPSOL¿HG��DQG�GLJLWL]HG� WKURXJK�DQ�
$�'�FRQYHUWHU�DW����+]���7KH�GHYLFH�LV�LQLWLDOL]HG�
DQG�GRZQORDGV�GDWD�WKURXJK�D�VHULDO�SRUW�UHDGHU�
�$FWLUHDGHU���ZKLFK� DOORZV� WKH� GHYLFH� WR� EH�
FRPSOHWHO\�ZDWHUSURRI��0LQL�0LWWHU�&R����������

6LPLODU�WR�WKH�$FWL*UDSK��WKH�$FWLFDO�KDV�EHHQ�
VXEMHFW� WR� YDULRXV� UHOLDELOLW\� DQG�YDOLGLW\� VWX-
GLHV��(VOLJHU	�FRO���������(VOLJHU�	�7UHPEOD\��
������3DXO	�FRO���������5RWKQH\	�FRO����������
&XUUHQWO\�� &DQDGD� LV� XVLQJ� WKH� GHYLFH� DV� DQ�
REMHFWLYH�PHDVXUH�RI�SK\VLFDO�DFWLYLW\�WKURXJK�
WKH�LQFRUSRUDWLRQ�RI�WKH�GHYLFH�LQ�WKH�&DQDGLDQ�
+HDOWK�0HDVXUHV�6XUYH\��ZKLFK�ZDV�GHYHORSHG�
WR�FROOHFW�KHDOWK�LQIRUPDWLRQ�RI�D�UHSUHVHQWDWLYH�
VDPSOH�RI�WKH�&DQDGLDQ�SRSXODWLRQ��7UHPEOD\	�
FRO���������7UHPEOD\	�*RUEHU��������

Pedometers

(YHQ�WKRXJK�SHGRPHWHUV�DUH�OLPLWHG�WR�PHDVX-
ULQJ�RQO\� DPEXODWRU\� DFWLYLW\� �%DVVHWW�� �������
FDQQRW�SURYLGH�DFFXUDWH�HVWLPDWHV�RI�3$�HQHUJ\�
H[SHQGLWXUH� �%DVVHWW�� ������� DQG�KDYH� OLPLWHG�
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DFFXUDF\�ZKHQ�PHDVXULQJ�SK\VLFDO� DFWLYLW\� DW�
VORZHU� �H�J�� VKXIÀLQJ�� RU� IDVWHU� �H�J�� UXQQLQJ��
VSHHGV��)UHHGVRQ�	�0LOOHU���������WKH\�SURYLGH�
D� VPDOO�� HDV\� WR� XVH�� DQG� LQH[SHQVLYH�ZD\� WR�
SURPRWH�SK\VLFDO�DFWLYLW\�WKDW�KDV�EHHQ�VKRZQ�WR�
EH�HIIHFWLYH��%UDYDWD	�FRO���������5LFKDUGVRQ	�
FRO���������

0RVW�SHGRPHWHUV�WRGD\�XVH�DQ�HOHFWURQLF�FLUFXLW�
WKDW�UHVSRQGV�WR�FKDQJHV�LQ�YHUWLFDO�DFFHOHUDWLRQV�
ZKHQ�D�SHUVRQ�ZDONV��3HGRPHWHUV�DUH�GHVLJQHG�WR�
PHDVXUH�DPEXODWRU\�DFWLYLW\�SURYLGLQJ�D�VLPSOH�
DQG�D�XVHU�IULHQGO\�RXWSXW�PHDVXUH�FRPPRQO\�
NQRZQ�DV�D�VWHS�FRXQW��RU�VWHS���0RVW�SHGRPH-
ters are usually worn on the waist and house a 
VSULQJ�VXVSHQGHG� OHYHU� DUP��ZKLFK�PRYHV� XS�
DQG�GRZQ�DV� D� UHVXOW� RI� YHUWLFDO� DFFHOHUDWLRQV�
SURGXFHG�DW�WKH�ZDLVW�GXULQJ�ZDONLQJ��%DVVHWW��
������7XGRU�/RFNH�	�/XWHV���������3HGRPHWHUV�
DUH�GHVLJQHG�WR�SURYLGH�D�VXP�RI�DFFXPXODWHG�
VWHSV�GXULQJ�ZDONLQJ��KRZHYHU��D�VWHS�LV�UHFRUGHG�
ZKHQ� DQ� DFFHOHUDWLRQ� DERYH� D�PDQXIDFWXUHU�
GHVLJQ�WKUHVKROG��H�J�������J��FDXVHV�WKH�OHYHU�
DUP�WR�PRYH�XS�DQG�GRZQ�RSHQLQJ�DQG�FORVLQJ�
DQ�HOHFWULFDO�FLUFXLW��%DVVHWW��������7XGRU�/RFNH�
	�/XWHV��������

Step Activity Monitor

7KH� 6WHS�$FWLYLW\�0RQLWRU�� RU� 6WHS�:DWFK���
�6:����2UWKR&DUH�,QQRYDWLRQV��6HDWWOH��:$��LV�
D�VOLJKWO\�ODUJHU�GHYLFH�WKDQ�PRVW������[�����[�
����FP�����J���LW� LV�ZDWHUSURRI�DQG�DWWDFKHV�WR�
WKH�DQNOH��XQOLNH�WKH�$*�DQG�$&��ZKLFK�XVXDOO\�
DWWDFK�WR�WKH�ZDLVWOLQH��)LJXUH�����7KH�6:�FRQ-
WLQXRXVO\�UHFRUGV�VWHSV�GXULQJ�D�XVHU�VSHFL¿HG�
SHULRG� RI� WLPH� DW� VSHFL¿F� LQWHUYDOV� �HSRFKV���
7KH�PLQLPXP� VDPSOLQJ� LQWHUYDO� LV� �� VHFRQGV�
DOORZLQJ�IRU�D�WRWDO�RI������GD\V�RI�DPEXODWLRQ�
GDWD��7KH�PD[LPXP�VDPSOLQJ� LQWHUYDO� LV� �����
PLQ��SURYLGLQJ�IRU�������GD\V�RI�FRQWLQXRXV�PR-
QLWRULQJ��&ROHPDQ	�FRO�����������$W�RQH�PLQXWH�
HSRFKV��WKH�6:�FDQ�VWRUH�VWHS�GDWD�IRU�XS�WR���
PRQWKV�EHIRUH�UHTXLULQJ�GDWD�WR�EH�GRZQORDGHG�
�6WXQNDUG	�FRO�����������7KH�VRIWZDUH�SURYLGHG�
E\�WKH�PDQXIDFWXUHU�DOORZV�IRU�WKH�DGMXVWPHQW�
RI�WKH�VHQVLWLYLW\�WR�PRYHPHQW��IUHTXHQF\�ZLWK�
ZKLFK�VWHSV�DUH�GHWHFWHG�GXULQJ�ZDONLQJ��DQG�WKH�
DFFHOHUDWLRQ�UHTXLUHG�WR�UHFRUG�VWHSV�

DigiWalker

7KH�'LJL:DONHU��<DPD[�&RUS���7RN\R��-DSDQ��
LV�D�VPDOO������[�����[�����FP���)LJXUH�����LQH[-
SHQVLYH�DQG� VLPSOH� WR�XVH�SHGRPHWHU� WKDW�KDV�
EHHQ� XVHG� H[WHQVLYHO\� LQ� UHVHDUFK� �%DVVHWW	�
FRO��� ������&URXWHU	� FRO��� ������ 6FKQHLGHU	�
FRO��� ������ 6FKQHLGHU	� FRO��� ������ 6ZDUW]	�
FRO����������8QOLNH�DOO�RWKHU�GHYLFHV�SUHYLRXVO\�
GHVFULEHG��WKH�'LJL:DONHU�KDV�D�VLPSOH�GLVSOD\�
which records steps taken and reset button to 
FOHDU�VWHSV�DW�WKH�HQG�RI�D�VDPSOLQJ�SHULRG��H�J��
D�GD\����7KH�'LJL:DONHU�PD\�EH�WKH�VLPSOHVW�DQG�
HDVLHVW�WR�XVH�RI�DOO�WKH�SHGRPHWHUV�

Limitations

&RPSDUHG�WR�SHGRPHWHUV��DFFHOHURPHWHUV�KDYH�
VHYHUDO� OLPLWDWLRQV� WKDW�PD\� OLPLW� WKHLU� XVH��
3ULPDULO\��DFFHOHURPHWHU�FRVW�PRUH�WKDQ�SHGR-
PHWHUV��WKH\�UHTXLUH�JUHDWHU�DPRXQW�RI�WLPH�WR�
LQLWLDOL]H��GRZQORDG�DQG�LQWHUSUHW�WKH�UHFRUGHG�
GDWD��DQG�WKH\�GHPDQG�D�JUHDWHU�OHYHO�RI�H[SHU-
WLVH�WR�LQWHUSUHW�WKHLU�RXWSXW��2Q�WKH�RWKHU�KDQG��
PRVW� SHGRPHWHUV� GR�QRW� UHTXLUH� LQLWLDOL]DWLRQ��
RWKHU� WKDQ� SHUKDSV� HQWHULQJ� WKH� SDUWLFLSDQW¶V�
DJH��ZHLJKW�DQG�WKH�WLPH�RI�GD\�GHSHQGLQJ�RQ�
WKH�PRGHO��7KHLU�³VLPSOLFLW\´��RI�FRXUVH��OLPLWV�
WKH�LQIRUPDWLRQ�SURYLGHG�E\�SHGRPHWHUV��DV�PRVW�
RQO\�UHFRUG�VWHSV�DFFXUDWHO\��ZKLOH�RWKHUV�SURYLGH�
VRPH�HVWLPDWH��DOEHLW�QRW�YHU\�DFFXUDWH��RI�HQHUJ\�
H[SHQGLWXUH�DQG�GLVWDQFH�WUDYHOHG��7KLV�VHFWLRQ�
ZLOO�H[SDQG�RQ�VRPH�RI�WKHVH�OLPLWDWLRQV�

Accelerometers

6HYHUDO�RI�WKH�HDUO\�LQYHVWLJDWLRQV�GHPRQVWUDWHG�
WKDW�DFFHOHURPHWHUV�PHDVXUH�SK\VLFDO�DFWLYLW\�DF-
FXUDWHO\�DQG�FDQ�HYHQ�GHWHFW�FKDQJHV�LQ�ZDONLQJ�
VSHHG�ZKLOH�ZDONLQJ��-DQ]��������0HODQVRQ�	�
)UHHGVRQ���������,Q�DGGLWLRQ��WKH\�VKRZHG�KRZ�
DFFHOHURPHWHU�HVWLPDWHG�HQHUJ\�H[SHQGLWXUH�ZDV�
PRGHUDWHO\�FRUUHODWHG��U� �������P��������ZLWK�
OHYHOV� RI�PHDVXUHG� HQHUJ\� H[SHQGLWXUH�GXULQJ�
ZDONLQJ��0HODQVRQ�	�)UHHGVRQ���������KRZHYHU��
WKLV�FRUUHODWLRQ�VHHQ�UHGXFHG��U� ������±�������
ZKHQ� WKH� HVWLPDWHG�((�ZDV� FRPSDUHG� LQ� WKH�
IUHH�OLYLQJ� HQYLURQPHQW�� GXH� WR� WKH�PRQLWRU¶V�
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LQDELOLW\� WR�PHDVXUH� XSSHU� ERG\�PRYHPHQWV��
FKDQJHV� LQ� WHUUDLQ� GXULQJ� DPEXODWLRQ� DQG�RU�
ORDGLQJ�DFWLYLWLHV� WKDW�PLJKW� WDNH�SODFH�GXULQJ�
WKH�IUHH�OLYLQJ�HQYLURQPHQW�WKURXJKRXW�WKH�GD\�
�%DVVHWW	�FRO���������+HQGHOPDQ	�FRO���������

(YHQ�WKRXJK�VRPH�RI�WKHVH�HDUO\�LQYHVWLJDWLRQV�
ZHUH�SULPDULO\�SHUIRUPHG�XVLQJ�WKH�$*��/\GHQ�
	�FRO���������UHFHQWO\�VKRZHG�WKHVH�OLPLWDWLRQV�
H[LVW�IRU�D�QXPEHU�RI�RWKHU�GHYLFHV�DV�ZHOO��,Q�
DGGLWLRQ��&URXWHU�	�FRO��������DQG�5RWKQH\	�
FRO�������� � FRQFOXGHG� WKDW� D� VLQJOH� HTXDWLRQ�
ZDV�XQDEOH�WR�HVWLPDWH�((�IRU�DOO�DFWLYLWLHV�SHU-
IRUPHG�WKURXJKRXW�WKH�GD\��DQG�PRVW�HTXDWLRQV�
GHYHORSHG�IRU�ZDONLQJ�ZRXOG�EH�PRVW�DFFXUDWH�
IRU�DPEXODWLQJ�DFWLYLW\��EXW�QRW�IRU�PRVW�RWKHU�
DFWLYLWLHV�

,Q�DGGLWLRQ��VRPH�DFFHOHURPHWHUV�KDYH�VKRZQ�WR�
EH�VLJQL¿FDQWO\�DIIHFWHG�E\�OHYHOV�RI�DGLSRVLW\��
)HLWR�	� FRO�������� ������ GHPRQVWUDWHG� WKDW�
WKH�$FWLFDO�DFWLYLW\�PRQLWRU�LV�VLJQL¿FDQWO\�LQ-
ÀXHQFHG�E\�DGLSRVLW\�ZKHQ�WKH�GHYLFH�LV�WLOWHG�
IRUZDUG�PRUH�WKDQ������UHFRUGLQJ�KLJKHU�DFWLYLW\�
FRXQWV�IRU�REHVH�SDUWLFLSDQWV�FRPSDUHG�WR�QRUPDO�
LQGLYLGXDOV��)HLWR	�FRO�������.���7KLV�GLIIHUHQFH�
ZDV�QRW�VHHQ�IRU�WKH�$FWL*UDSK�GHYLFH�DW�DQ\�WLOW�
DQJOH��)HLWR	�FRO���������

Pedometers

6HYHUDO�LQYHVWLJDWRUV�KDYH�PHDVXUHG�WKH�DFFXUD-
F\�RI�VHYHUDO�W\SHV�RI�HOHFWURQLF�SHGRPHWHUV�IRU�
PHDVXULQJ�VWHSV�DQG�GLVWDQFH�RQ�D�FRQWUROOHG�RU�
IUHH�OLYLQJ� HQYLURQPHQW� �%DVVHWW	� FRO��� ������
&URXWHU	�FRO���������)HLWR	�FRO���������)HLWR	�
FRO���������6FKQHLGHU	�FRO����������$OO�LQYHVWLJD-
WRUV�FRQFOXGHG�WKDW�PRVW�HOHFWURQLF�SHGRPHWHUV�
DUH�PRVW� DFFXUDWH� LQ�PHDVXULQJ� VWHSV� WDNHQ�DW�
VSHHGV� DERYH� ���PÂPLQ���� WKH\�ZLOO� XVXDOO\�
RYHUHVWLPDWH�GLVWDQFH�WUDYHOHG�DW�VORZHU�VSHHGV��
DQG�XQGHUHVWLPDWHG�DW�IDVWHU�VSHHGV���,Q�DGGLWLRQ��
WKRVH�GHYLFHV�WKDW�HVWLPDWH�((�VHHP�WR�VLJQL¿-
FDQWO\�RYHUHVWLPDWH�DFWXDO�YDOXHV�RI�JURVV�DQG�
QHW�((�GXULQJ�WUHDGPLOO�ZDONLQJ���5HVHDUFKHUV�
FRQFOXGHG�WKDW�WKH�YHUWLFDO�DFFHOHUDWLRQV�DFWLQJ�
RQ�WKH�ZDLVW�DW�VSHHGV�EHORZ����PÂPLQ���DUH�EH-
ORZ�WKH�WKUHVKROG��L�H�������J��IRU�WKH�'LJL:DONHU��

QHHGHG�WR�UHFRUG�D�VWHS���0RUHRYHU��DEGRPLQDO�
DGLSRVLW\� VLJQL¿FDQWO\� KLQGHUV� WKH� DELOLW\� IRU�
VSULQJ�OHYHUHG�SHGRPHWHUV�� EXW� QRW� SLH]RHOHF-
WULF�GHYLFHV��WR�DFFXUDWHO\�PHDVXUH�VWHSV��DV�WKH�
PDJQLWXGH�RI�DFFHOHUDWLRQV�UHFRGHG�DW�WKH�ZDLVW�
LV�UHGXFHG��%DVVHWW	�FRO���������&URXWHU	�FRO���
������ )HLWR	� FRO��� ������ )HLWR	� FRO��� ������
6FKQHLGHU	� FRO��� �������$OWKRXJK� WKHVH� OLPL-
WDWLRQV�PD\� KLGHU� KLQGHU� WKH� DSSOLFDELOLW\� RI�
SHGRPHWHUV��SHGRPHWHUV�KDYH�VKRZQ�WR�EH�KLJKO\�
FRUUHODWHG��U�!�������ZLWK�DFFHOHURPHWHUV�EDVHG�
DFWLYLW\�PRQLWRUV� LQ� FRQWUROOHG� DQG� IUHH�OLYLQJ�
HQYLURQPHQWV� �/H�0DVXULHU�	�7XGRU�/RFNH��
������7XGRU�/RFNH	�FRO���������

8QOLNH�PRVW�SHGRPHWHUV��ZKLFK�DUH�ZRUQ�RQ�WKH�
ZDLVW��WKH�6WHS�:DWFK�LV�WKH�RQO\�SHGRPHWHU�ZRUQ�
RQ� WKH�DQNOH�GXULQJ�DPEXODWLRQ�� �7KLV�GHVLJQ��
DOORZV�WKH�GHYLFH�WR�DFFXUDWHO\�PHDVXUH�DPEX-
ODWRU\�DFWLYLW\�IRU�DSSDUHQWO\�KHDOWK\�LQGLYLGXDOV�
DQG� WKRVH�ZLWK� FKURQLF� FRQGLWLRQV�� LQFOXGLQJ�
WKRVH�ZLWK�DPSXWDWLRQV��&ROHPDQ	�FRO���������
)RVWHU	�FRO���������.DUDEXOXW	�FRO���������0XG-
JH	�FRO���������6KHSKHUG	�FRO��������6WRUWL	�
FRO����������5HJDUGOHVV�RI�WKH�SRSXODWLRQ�VWXGLHG��
WKH�6:�KDV�VKRZQ�WR�DFFXUDWHO\�UHFRUG�ZLWKLQ����
RI�VWHSV�WDNHQ��PDNLQJ�WKH�PRVW�DFFXUDWH��UHOLDEOH�
LQVWUXPHQW� WR�PHDVXUH� DPEXODWRU\� DFWLYLW\� RQ�
D�ZDJH� UDQJH�RI� LQGLYLGXDOV� �&ROHPDQ	�FRO����
�������,QYHVWLJDWRUV�FRQFOXGHG�WKDW�WKH�6:�ZDV�
D�KLJKO\�DFFXUDWH��UHOLDEOH��LQVWUXPHQW�WKDW�FDQ�EH�
XVHG�WR�SHUIRUP�ORQJ�WHUP�VWHS�PRQLWRULQJ�RQ�D�
ZLGH�UDQJH�RI�VXEMHFWV�DQG�DFWLYLWLHV��&ROHPDQ	�
FRO�����������:KHQ�FRPSDUHG�WR�ZDLVW�ZRUQ�SH-
GRPHWHUV��WKH�6:�PHDVXUHV�ZLWKLQ����RI�VWHSV�
WDNHQ��ZKHUH�PRVW� SHGRPHWHUV� DUH�ZLWKLQ� ���
�+DWDQR��������6KHSKHUG	�FRO�����������)RVWHU�	�
FRO���������H[DPLQHG�WKH�DFFXUDF\�RI�WKH�6:�WR�
HVWLPDWH�HQHUJ\�H[SHQGLWXUH��DV�WKLV�IHDWXUH�KDV�
EHHQ�OLPLWHG�ZLWK�RWKHU�SHGRPHWHUV��&URXWHU	�
FRO���������7XGRU�/RFNH	�FRO�����������:KHQ�WKH�
FDOFXODWHG�((¶V�ZHUH�FRPSDUHG�ZLWK�WKH�PHDVX-
UHG�YDOXHV��((�ZDV�ZLWKLQ�����RI�WKH�PHDVXUHG�
YDOXHV�IRU�DOO�ZDONLQJ�VSHHGV���7KXV��VXJJHVWLQJ�
WKDW�WKH�6:�ZDV�D�SUHFLVH�DQG�DFFXUDWH�GHYLFH�
IRU�PHDVXULQJ�((�GXULQJ�ZDONLQJ�DPRQJ�D�UDQJH�
RI�GLIIHUHQW�YHORFLWLHV�IRU�LQGLYLGXDOV�RI�GLIIHUHQW�
ERG\�FRPSRVLWLRQV��
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Conclusion

2YHUDOO��WKH�XVH�RI�REMHFWLYH�PHDVXUHV�RI�SK\-
VLFDO�DFWLYLW\� LV� LPSRUWDQW� LQ� WKH�SURPRWLRQ�RI�
DQ�DFWLYH� OLIHVW\OH��$V�H[SHFWHG��DOO�PHDVXULQJ�
WRROV�KDYH�WKHLU� OLPLWDWLRQV��DQG�LW� LV�XS�WR�WKH�
UHVHDUFKHU�WR�GHWHUPLQH�ZKDW�GHYLFH�LV�EHVW�VXLWHG�
IRU�WKHLU�SXUSRVHV���:KHUHDV�GLUHFW�REVHUYDWLRQ�
RI�SK\VLFDO�DFWLYLW\�ZRXOG�SURYLGH�WKH�PRVW�DF-
FXUDWH�PHDVXUHPHQW�RI�RYHUDOO�SK\VLFDO�DFWLYLW\��
WKLV�PHDVXUHPHQW�LV�QRW�SUDFWLFDO��DV�LQYHVWLJDWRUV�
ZRXOG�KDYH�WR�IROORZ�DQG�GRFXPHQW�HYHU\�PRYH-
PHQW�D�SDUWLFLSDQW�SUHIRUPV�WKURXJKRXW�WKH�GD\���

8VLQJ�DFFHOHURPHWHUV�DQG�SHGRPHWHUV�SURYLGH�DQ�
DFFXUDWH�DQG�YDOLG�ZD\�WR�DVVHVV�SK\VLFDO�DFWLYLW\�

LQ�FRQWURO�DQG�IUHH�OLYLQJ�HQYLURQPHQWV��:KHUHDV�
DFFHOHURPHWHUV�SURYLGH�WKH�JUHDWHVW�DPRXQW�RI�
LQIRUPDWLRQ��DFWLYLW\�FRXQWV��LQWHQVLW\�DQG�HVWL-
PDWHG�HQHUJ\�H[SHQGLWXUH�� WKH\�DUH�H[SHQVLYH�
DQG� UHTXLUH� D� VLJQL¿FDQW� DPRXQW� RI� WHFKQLFDO�
VNLOO� WR� DFFXUDWHO\�PHDVXUH� SK\VLFDO� DFWLYLW\���
3HGRPHWHUV��RQ�WKH�RWKHU�KDQG��DUH�PXFK�VLPSOHU�
WR�XVH�DQG�FRVW� OHVV��KRZHYHU�� WKH�LQIRUPDWLRQ�
SURYLGHG�LV�SULPDULO\�OLPLWHG�WR�VWHSV�WDNHQ��DV�
WKH\�DUH�QRW�YHU\�DFFXUDWH�PHDVXULQJ�GLVWDQFH�
ZDONHG� RU� HQHUJ\� H[SHQGLWXUH� WKURXJKRXW� WKH�
GD\���<HW��LI�XVHG�UHJXODUO\��WKH\�FDQ�VHUYH�DV�D�
PRWLYDWLRQDO�WRRO�WR�LQFUHDVH�DPEXODWRU\�DFWLYLW\�
WKURXJKRXW�WKH�GD\�

Figure 1 – ActiGraph GT3X+ Figure 2 – Actical

Figures
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Figure 3 – DigiWalker

Figure 4 – Step Activity Monitor
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