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AbVWUacW.   GeVWXUe  cRnWURl  haV  been  a  WRSic  Rf  UeVeaUch  and  deYelRSmenW  Vince             
Whe  1970V.  AV  handV  aUe  hXmanV¶  naWiYe  WRRl  fRU  inWeUacWiRn,  iW  iV  naWXUal  WR  lRRk                 
aW  geVWXUe  cRnWURl  Zhen  Walking  abRXW  ne[W-geneUaWiRn  hXman-cRmSXWeU          
inWeUacWiRn.  ThURXghRXW  hiVWRU\  man\  haYe  WUied  WR  Wake  adYanWage  Rf  Whe             
SRWenWial  Rf  geVWXUe  cRnWURl,  ZiWhRXW  hXge  VXcceVV.  GeVWXUe-baVed  inWeUacWiRn  fRU            
cRnVXmeU  elecWURnicV  haYe  been  Zidel\  e[SlRUed  XVing  geVWXUe  WR  cRnWURl  TVV,             
mRbile  ShRneV  and  dURneV,  ZiWhRXW  making  iW  a  SUefeUUed  inWeUacWiRn  SaWWeUn.  IW              
iV  haUd  WR  aUgXe  WhaW  VcUeen-baVed  media  iV  a  SUefeUUed  aSSlicaWiRn  fRU              
geVWXUe-baVed  inWeUacWiRn  dXe  WR  Whe  lack  Rf  cleaU  benefiWV  Rf  changing  a  knRZn               
inWeUacWiRn  SaWWeUn.  DigiWal  RbjecWV  ZiWhRXW  VcUeen  inWeUfaceV  VhRZ  SRWenWial  fRU            
XVe  Rf  geVWXUe  cRnWURl  bXW  lackV  Whe  SRVVibiliW\  Rf  giYing  SURSeU  feedback  WR               
make  iW  inWXiWiYe.  CRnVideUing  deVign  SUinciSleV  aV  YiVibiliW\,  feedback  and            
cRnVWUainWV,  VR  and  AR  VWandV  RXW  aV  Whe  mRVW  SURmiVing  mediaV  WR  aSSl\               
geVWXUe-baVed  inWeUacWiRn.  The  SRWenWial  iV  nRW  Rnl\  deWeUmined  b\  Whe  mediXm,             
bXW  alVR  in  ZhaW  dRmain  iW  iV  aSSlied  WR.  DRmainV  like  edXcaWiRn,  healWhcaUe,               
URbRWicV,  heaY\  indXVWU\  and  VSace  VhRZ  cleaU  benefiWV.  When  deVigning  fRU  Whe              
glRbal  maUkeW  (B2C),  VRcial  acceSWance,  cXlWXUal  diffeUenceV  and  Wiming  aUe            
cRmSlicaWiRnV  Rne  haV  WR  cRnVideU.  WhaW  gReV  fRU  an\  caVe  aSSl\ing  WhiV              
WechnRlRg\;  geVWXUe-baVed  inWeUacWiRn  VhRXld  nRW  be  XVed  becaXVe  iW  iV  SRVVible,             
bXW   becaXVe   iW   iV   needed.   
  

Ke\ZRUdV:  GeVWXUe-baVed  InWeUacWiRn,  GeVWXUe  CRnWURl,  ViUWXal  RealiW\,         
AXgmenWed   RealiW\   

1 IQWURGXFWLRQ   

The  adYenW  of  Whe  MacinWoVh  in  1984  ZaV  an  impoUWanW  eYenW  in  Whe  hiVWoU\  of                 
hXman-machine  inWeUface  and  compXWaWion  in  geneUal.  Since  When,  people           
fXndamenWall\  changed  Whe  Za\  people  WhoXghW  of  compXWeUV  and  hoZ  Wo  inWeUacW  ZiWh               
Whem.  EYeU  Vince  WhiV  VhifW  in  hXman-compXWeU  inWeUacWion  (HCI),  Wechnolog\  in             
geneUal  haV  dUaVWicall\  eYolYed.  MemoU\  capaciW\,  pUoceVVing  VpeedV  and  gUaphicV            
poZeU  haYe  Vk\UockeWed.  The  Web  and,  moUe  UecenWl\,  Whe  cloXd  haYe  UeYolXWioni]ed              
Whe  Za\  Ze  inWeUacW  ZiWh  compXWeUV.  InWeUfaceV  haYe  WhoXgh  \eW  Wo  change              
(UndeUkoffleU,   2010).     

HXmanV  VWill  mainl\  inWeUacW  ZiWh  digiWal  media  XVing  moXVe  and  ke\boaUd,  VWickV,              
leYeUV,  bXWWonV  oU  WoXch,  ZiWh  eYeU\Whing  diVpla\ed  on  a  VcUeen.  We  aUe  Veeing  a  VhifW                 
in  hoZ  Ze  inWeUacW  ZiWh  digiWal  media  WhoXgh.  Voice  conWUol  combined  ZiWh  aUWificial               
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inWelligence  iV  becoming  moUe  and  moUe  implemenWed  in  people¶V  inWeUacWion  paWWeUnV.             
BXW  aV  foU  noZ,  iW  onl\  ZoUkV  aV  a  VXpplemenW  Wo  VcUeen-baVed  inWeUfaceV  and  can¶W                 
Ueplace   Whem   compleWel\.     

HXmanV¶  inVWincWiYe  Za\  of  inWeUacWing  ZiWh  objecWV  iV  XVing  WheiU  handV.  IW  iV,               
WheUefoUe,  logical  Wo  look  aW  geVWXUe  conWUol  Zhen  Ze  Walk  aboXW  Whe  ne[W  geneUaWion  of                 
HCI.  GeVWXUe  conWUol  iV  noW  VomeWhing  neZ.  SWeYen  SpielbeUg'V  moYie  MinoUiW\  RepoUW              
ZheUe  Tom  CUXiVe  iV  conWUolling  a  fXWXUiVWic  geVWXUe-baVed  inWeUface  iV  ofWen  XVed  aV  a                
UefeUence  in  WheVe  diVcXVVionV.  And  ZiWh  good  UeaVonV;  Whe  moYie  pUodXceUV  acWXall\              
hiUed  a  Weam  of  deVigneUV  and  engineeUV  Wo  deVign  Whe  inWeUface  aV  an  R  &  D                  
(UndeUkoffleU,  2010).  The  moYie  pUemieUed  in  2002  and  eYeU  Vince  haYe  diffeUenW              
companieV  WUied  Wo  make  XVe  of  WhiV  Wechnolog\  and  UeYolXWioni]e  hoZ  Ze  inWeUacW               
ZiWh   digiWal   media.     

To  diVcXVV  Whe  poWenWial  of  geVWXUe-baVed  inWeUacWion  WhiV  aUWicle  Zill  fiUVWl\  look  aW               
Vome  ke\  mileVWoneV  in  Whe  hiVWoU\  of  geVWXUe  conWUol,  When  look  aW  diffeUenW  domainV                
and   digiWal   media   ZheUe   geVWXUe   conWUol   can   be   applied.     

2 BACKGROUND   

2.1 MeWhRd   

The  aUWicle  UelieV  moVWl\  on  UeYieZing  liWeUaWXUe  WhaW  ZaV  UeleYanW  Wo  Whe  VXbjecW.               
AUWicleV  in  domainV  of  compXWeU  Vcience,  pV\cholog\,  UoboWicV,  engineeUing  and            
inWeUacWion  deVign  ZeUe  focXVed  on.  IW  ZaV  impoUWanW  Wo  XndeUVWand  Whe  Wechnical              
challengeV  of  geVWXUe-baVed  inWeUacWion  b\  looking  aW  aUWicleV  fUom  compXWeU  Vcience,             
engineeUing  and  UoboWicV  bXW  alVo  geW  an  XndeUVWanding  of  ZhaW  had  been  done  in                
WeUmV  of  UeVeaUch  and  WeVWing,  WheUefoUe  looking  aW  aUWicleV  fUom  pV\cholog\  and              
inWeUacWion   deVign.     

2.2 GeVWXUe   CRnWURl   Defined   

The  WeUm   GeVWXUe  conWUol   iV  XVed  in  a  Zide  Uange  of  conWe[WV  and  can  be  inWeUpUeWed                  
diffeUenWl\.  In  GaUWneU  GloVVaU\  iW  iV  defined  aV:  ³GeVWXUe  conWUol  iV  Whe  abiliW\  Wo                
Uecogni]e  and  inWeUpUeW  moYemenWV  of  Whe  hXman  bod\  in  oUdeU  Wo  inWeUacW  ZiWh  and                
conWUol   a   compXWeU   V\VWem   ZiWhoXW   diUecW   ph\Vical   conWacW´   ("GeVWXUe   ConWUol,"   2019).   

The  definiWion  aboYe  coYeUV  ³moYemenWV  of  Whe  hXman  bod\´,  ZheUe  WhiV  aUWicle              
Zill  meUel\  focXV  on  hand  geVWXUeV.  CombinaWionV  of  conWUolleU  inpXWV  and  geVWXUeV              
(i.e.   VR   conWUolleUV)   Zill   neiWheU   be   in   Whe   Vcope   of   WhiV   aUWicle.     
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2.3 BUief   HiVWRU\   Rf   GeVWXUe   CRnWURl   

To  geW  an  XndeUVWanding  of  Whe  fXWXUe  of  geVWXUe  conWUol,  one  haV  Wo  look  aW  ZheUe                  
geVWXUe  conWUol  haV  been  XVed  in  Whe  paVW.  ThiV  VecWion  Zill  menWion  Vome  ke\                
mileVWoneV   in   Whe   hiVWoU\   of   geVWXUe   conWUol.     

The  fiUVW  pUoWoW\pe  of  a  geVWXUe  WUacing  gloYe  emeUged  in  1977  and  ZaV  called  Whe                 
Sa\Ue  GloYe.  IW  XVed  fle[ible  WXbeV  ZiWh  a  lighW  VoXUce  aW  one  end  and  a  phoWocell  aW                   
Whe  oWheU,  Zhich  ZeUe  moXnWed  along  each  fingeU  of  Whe  gloYe.  When  \oX  benW  \oXU                 
fingeUV,  Whe  lighW  paVVing  WhUoXgh  Whe  WXbeV  ZoXld  decUeaVe.  LaWeU  in  Whe  70V  and  Whe                 
80V  VeYeUal  diffeUenW  pUoWoW\peV  of  gloYeV  emeUged,  XVing  diffeUenW  W\peV  of  VenVoUV              
(PUemaUaWne,   2014).     

The  XVe  of  cameUaV  Wo  Uecogni]e  hand  geVWXUeV  VWaUWed  YeU\  eaUl\  along  ZiWh  Whe                
deYelopmenW  of  Whe  fiUVW  ZeaUable  VenVoU  gloYeV.  TheUe  ZeUe  man\  hXUdleV  aW  WhaW  Wime                
in  inWeUpUeWing  cameUa-baVed  geVWXUeV.  CoXpled  ZiWh  VignificanWl\  loZ          
compXWing-poZeU  aYailable  onl\  on  mainfUame  compXWeUV,  cameUaV  offeUed  YeU\  pooU            
UeVolXWion  along  ZiWh  coloU  inconViVWenc\.  DeVpiWe  WheVe  hXUdleV,  Whe  fiUVW  compXWeU             
YiVion  geVWXUe  UecogniWion  V\VWem  ZaV  UepoUWed  in  Whe  1980V  (PUemaUaWne,  2014).  The              
MIT-LED  gloYe  ZaV  deYeloped  aW  Whe  MIT  Media  LaboUaWoU\  in  Whe  eaUl\  1980V  aV                
paUW  of  a  cameUa-baVed  LED  V\VWem  Wo  WUack  bod\  and  limb  poViWion  foU  Ueal-Wime                
compXWeU  gUaphicV  animaWion  (SWXUman  &  ZelW]eU,  1994).  The  fiUVW  inVWance  of  a  hand               
UecogniWion  V\VWem  WhaW  WoWall\  Uelied  on  compXWeU  YiVion  ZiWhoXW  maUkeUV  ZaV             
UepoUWed  b\  Rehg  and  Kanade  in  1993  and  ZaV  called  DigiWE\eV(Rehg  &  Kanade,               
1994).     

ThUoXghoXW  hiVWoU\  Whe  gaming  indXVWU\  haV  been  one  of  Whe  leading  foUceV  Wo  bUing                
geVWXUe  conWUol  Wo  Whe  conVXmeU  maUkeW.  FUom  Whe  NinWendo  PoZeU  GloYe  in  1989,               
maUkeWed  aV  Whe  fXWXUe  of  game  conWUolleU  (Lee,  2011)  Wo  Whe  Pla\SWaWion  E\e  To\  in                
2003,  Whe  NinWendo  Wii  in  2006  and  Whe  Xbo[  KinecW  in  2009.  EYen  WhoXgh  WheVe                 
deYiceV  do  noW  fiW  Whe  giYen  definiWion  of  geVWXUe  conWUol,  Whe\  aUe  VWill  ZoUWh                
menWioning.     

AUoXnd  2008  VeYeUal  companieV  VWaUW  Wo  focXV  on  geVWXUe  conWUol  foU  Whe  conVXmeU               
elecWUonicV(CE)  maUkeW.  In  IFA  2008,  Whe  Vecond-laUgeVW  CE  VhoZ  in  Whe  ZoUld              
(behind  CES),  ToVhiba  VhoZed  geVWXUe  conWUol  foU  TVV.  SamVXng,  JVC  and  HiWachi              
pUeVenWed  TVV  ZiWh  geVWXUe  conWUol  aW  CES  in  2008  and  in  2009  (Shan,  2010).  GeVWXUe                 
conWUol  haV  alVo  been  implemenWed  in  mobile  phoneV  oYeU  Whe  \eaUV.  Son\  EUicVVon               
laXnched  iWV  Z555  in  2008  ZiWh  Whe  abiliW\  Wo  mXWe  oU  Vnoo]e  Whe  alaUm  b\  ZaYing  Whe                   
hand  Wo  Whe  bXild-in  cameUa  (Shan,  2010).  In  2019  Google  laXnched  Whe  Pi[el  4  WhaW                 
VXppoUWV   geVWXUe   conWUol.   

Leap  MoWion  laXnched  iWV  VenVoU  in  2011,  WhaW  leWV  XVeUV  conWUol  WheiU              
compXWeU  b\  XVing  geVWXUeV.  The  Dji  SpaUk  dUone  (nicknamed  Whe  ³SelfiedUone´)             
laXnched  in  2017,  alloZV  XVeUV  Wo  conWUol  Whe  dUone  b\  XVing  WheiU  hand  inVWead  of  a                  
conWUolleU.     
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2.4 TechnRlRgieV   fRU   TUacking   GeVWXUeV   

GeVWXUe  conWUol  UeqXiUeV  adYanced  Wechnolog\  and  VeYeUal  diffeUenW  appUoacheV  haYe            
been  WeVWed  oYeU  Whe  \eaUV.  ThiV  aUWicle  Zill  giYe  an  oYeUYieZ  of  Whe  geneUal                
appUoacheV   in   Whe   Wechnolog\   of   geVWXUe   conWUol.   
  

  
FLg.   1.    OYeUYieZ   Rf   WechnRlRgieV   

SenVRU  GlRYeV.   SenVoU  GloYeV  ZaV  Whe  fiUVW  Wechnolog\  made  foU  geVWXUe  conWUol              
alUead\  back  in  1970V.  SenVoU  gloYe  in  eVVence  iV  a  ZiUed  inWeUface  ZiWh  ceUWain  WacWile                 
oU  oWheU  VenVoU\  XniWV  WhaW  ZeUe  aWWached  Wo  Whe  fingeUV  oU  joinWV  of  Whe  gloYe,  ZoUn  b\                   
Whe  XVeU  (PUemaUaWne,  2014).  TheVe  gloYeV  offeU  high  accXUac\  bXW  aUe  alVo  highl\               
inWUXViYe   compaUed   Wo   oWheU   WechnologieV.   

ViViRn-BaVed  GeVWXUe  RecRgniWiRn.   In  UecenW  \eaUV,  moUe  and  moUe  UeVeaUch  iV             
concenWUaWed  on  YiVion-baVed  hand  geVWXUe  UecogniWion.  CompaUed  Wo  VenVoU  gloYeV,            
YiVion-baVed  UecogniWion  iV  moUe  naWXUal  and  comfoUWable-  able,  aV  iW  doeV  noW              
conVWUain  Whe  fle[ibiliW\  of  hand  moYemenWV  (PUemaUaWne,  2014).  The  doZnVide  Wo  WhiV              
Wechnolog\   iV   WhaW   iW   lackV   Whe   accXUac\   WhaW   modeUn   VenVoU   gloYeV   pUoYide.     

2D  CameUaV:   WiWh  cameUa  VenVoUV  becoming  loZ-coVW  and  peUYaViYe  in  CE             
pUodXcWV,  YiVion  WechnologieV  UeceiYe  incUeaVing  aWWenWion,  Zhich  alloZ  XnobWUXViYe           
and  paVViYe  geVWXUe  VenVing  (Shan,  2010).  B\  XVing  maUkeUV  on  \oXU  handV,  eiWheU  aV                
coloUed  gloYeV  oU  aV  VWickeUV  on  \oXU  fingeUV,  Whe  cameUa  iV  able  Wo  WUack  \oXU  hand                  
geVWXUeV  accXUaWel\  (PUemaUaWne,  2014).  The  pUoblem  ZiWh  WhiV  appUoach  iV  WhaW  XVing              
gloYeV  makeV  iW  moUe  inWUXViYe  and  mighW  be  ineffecWiYe  in  ceUWain  XVe  caVeV.  AV                
cameUa  Wechnolog\  adYanceV,  man\  e[ampleV  occXU  of  geVWXUe  WUacking  XVing            
algoUiWhmV  Wo  WUack  geVWXUeV  ZiWhoXW  XVing  maUkeUV,  deliYeUing  high  accXUac\.  A             
pUoblem  ZiWh  2D  cameUa  WUacking  iV  WhaW  one  mighW  loVe  accXUac\  dXe  Wo               
Velf-occlXVion,   ZheUe   Whe   hand   fUom   ceUWain   angelV   oYeUlapV   iWVelf   (PUemaUaWne,   2014).   

SWeUeo  CameUaV:   A  VWeUeo  cameUa  iV  a  cameUa  ZiWh  WZo  oU  moUe  lenVeV  and  can                 
VimXlaWe  hXman  binocXlaU  YiVion.  Toda\  VWeUeo  cameUaV  aUe  implemenWed  in  high-end             
VmaUWphoneV,  bXW  pUeYioXVl\  UeqXiUed  a  VWaWionaU\  VeWXp  ZiWh  VeYeUal  cameUaV.  WiWh             
VWeUeo  cameUa  VeWXpV  foU  geVWXUe  WUacking  one  haV  Wo  XVe  VeYeUal  cameUaV  Wo  geW  a  3D                  
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WUacking  of  Whe  hand  and  b\paVV  Whe  pUoblem  of  Velf-occlXVion  (PUemaUaWne,  2014).              
SWeUeo   cameUaV   aUe   moUe   e[penViYe   Whan   2D   cameUaV.   

RadaU  WechnRlRg\.   MoUe  UecenWl\,  pUodXcWV  XVing  UadaU  Wechnolog\  Wo  WUack  hand             
geVWXUeV  haYe  been  UeleaVed.  Soli,  Google¶V  geVWXUe  UecogniWion  UadaU  chip  iV  an              
e[ample  of  WhiV.  IW  iV  a  high-UeVolXWion,  loZ-  poZeU,  miniaWXUe  geVWXUe  VenVing             
Wechnolog\.  IW  iV  baVed  on  millimeWeU-ZaYe  UadaU  WhaW  opeUaWeV  on  Whe  pUinciple  of               
UeflecWion  and  deWecWion  of  UadiofUeqXenc\  elecWUomagneWic  ZaYeV  (Lien  eW  al.,  2016).             
EYen   WhoXgh   WhiV   Wechnolog\   iV   YeU\   pUomiVing,   iWV   fXll   poWenWial   iV   \eW   Wo   be   Veen.     

OWheU  TechnRlRgieV.   ElecWUomagneWic  SenVoUV  haYe  alVo  been  XVed  foU  WUacking            
geVWXUeV.  The  M\o  ZUiVWband  WUackV  hand  geVWXUeV  b\  VenVing  WenVion  in  one¶V  aUm               
mXVcleV  (SaWhi\anaUa\anan  &  Rajan,  2016).  UlWUaVonic  ZaYeV  iV  a  cheap  alWeUnaWiYe  Wo              
WUack  hand  geVWXUeV  (KalgaonkaU  &  Raj,  2009)aV  Zell  aV  InfUa-Red  VenVoUV,  WhaW  can  be                
XVed  aV  a  VWandalone  VenVoU  (HillebUand,  BaXeU,  AchaW],  &  KlinkeU,  2006;  Kim  eW  al.,                
2012;  Megalingam,  Rangan,  KUiVhnan,  &  Alinkee]hil,  2016)  oU  combined  ZiWh  oWheU             
inpXWV   (AbUaham,   UUUX,   NoUmani,   Wilk,   &   WalVh,   2018).     

The  Wable  (Wable  1)  VXmmaUi]eV  hoZ  Whe  diffeUenW  WechnologieV  peUfoUm  in  UelaWion              
Wo  moYabiliW\,  mobiliW\  and  accXUac\.  WheUe  moYabiliW\  UefeUV  Wo  Whe  amoXnW  of              
inWUXVion  foU  Whe  XVeU  (i.e.  a  gloYe  Zill  be  moUe  inWUXViYe  Whan  a  fUee  hand),  mobiliW\                  
UefeUV  Wo  Whe  VeWXp  being  VWaWionaU\  oU  mobile  and  accXUac\  UefeUV  Wo  hoZ  accXUaWe  Whe                 
Wechnolog\  can  WUack  \oXU  hand  geVWXUeV.  The  claVVificaWion  of  loZ,  mediXm  and  high               
iV  in  UelaWion  Wo  each  oWheU,  meaning  WhaW  loZ  in  accXUac\  doeV  noW  neceVVaUil\  mean                 
WhaW   iW   iV   inaccXUaWe   bXW   leVV   accXUaWe   Whan   Whe   oWheUV.   

TabOe   1.    MRYabiliW\,   MRbiliW\   and   AccXUac\   Rf   Whe   giYen   WechnRlRgieV   

  

3 FINDINGS   

3.1 GeVWXUe   CRnWURl   in   DiffeUenW   Media   

GeVWXUe   conWUol   can   be   XVed   in   a   Uange   of   diffeUenW   domainV,   aV   pUeVenWed   beloZ.   
GeVWXUe  ConWUol  foU  ViUWXal  RealiW\.  GeVWXUe  conWUol  foU  ViUWXal  RealiW\  (VR)  haV  a               

hXge  poWenWial  aV  iW  can  giYe  YiVXal  feedback  Wo  Whe  XVeU.  Man\  VR  V\VWemV  aUe                 
depending  on  hand  conWUolleUV  Wo  inWeUacW  in  Whe  YiUWXal  ZoUld.  TheVe  conWUolleUV  WU\  Wo                
giYe  aV  mXch  feedback  Wo  Whe  XVeU  aV  poVVible  b\  WUacking  Vome  hand  geVWXUeV  aV                 
UoWaWion  and  Vome  fingeU  moYemenWV  bXW  UeVWUicW  Whe  XVeU¶V  moYabiliW\.  B\  XVing             

TechQRORg\   MRYabLOLW\   MRbLOLW\   AccXUac\   
SenVRU   GlRYe   LRZ   High   High   
2D   VB   ZiWh   maUkeUV   MediXm   MediXm   MediXm   
2D   VB   ZiWhRXW   maUkeUV   High   MediXm   LRZ   
VB   SWeUeR   CameUa   High   LRZ   MediXm   
RadaU   High   MediXm   High   
UlWUaVRXnd   MediXm   High   LRZ   
EM   SenVRUV   High   LRZ   LRZ   
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accXUaWe  geVWXUe  conWUol  Wechnolog\  one  can  map  ph\Vical  handV  in  VR  1-1,  giYing  Whe                
XVeU   Whe   feeling   of   embodimenW   in   Whe   YiUWXal   ZoUld   (HaanV   &   IjVVelVWeijn,   2012).   
ReVeaUch  haV  VhoZn  WhaW  b\  engaging  Whe  XVeU¶V  moWoUic  V\VWem  Yia  Whe  hand  leadV  Wo                 
a  UedXcWion  in  VimXlaWoU  VickneVV,  Zhich  can  be  XVed  aV  an  aUgXmenW  foU  geVWXUe                
conWUol   in   VR   (SWanne\   &   HaVh,   1998).   

GeVWXUe  ConWUol  foU  AXgmenWed  RealiW\.   In  AXgmenWed  RealiW\  (AR)  YiVXal            
infoUmaWion  iV  la\eUed  on  Wop  of  Whe  ZoUld  one  VeeV.  A  YiVXal  UepUeVenWaWion  of  \oXU                 
handV  iV  WheUefoUe  noW  needed.  BXW  b\  XVing  geVWXUeV  Wo  conWUol  VomeWhing  in  Whe  Ueal                 
ZoUld,   AR   can   be   highl\   beneficial   foU   giYing   YiVXal   feedback   WhaW   iV   needed.     

GeVWXUe  ConWUol  foU  ScUeenV.   Man\  e[ampleV  of  geVWXUe  conWUol  foU  VcUeenV  haYe              
been  giYen  in  Whe  chapWeU  aboXW  hiVWoU\  (2.2).  AV  hXmanV  haYe  deYeloped  a               
Zell-knoZn  inWeUacWion  paWWeUn  foU  inWeUacWing  ZiWh  VcUeenV,  Whe  aUgXmenWV  foU            
adapWing  Wo  anoWheU  W\pe  of  inWeUacWion  haYe  Wo  be  VXbVWanWial.  Don  NoUman  aUgXeV               
WhaW:     

GeVWXUeV  Zill  foUm  a  YalXable  addiWion  Wo  oXU  UeSeUWoiUe  of  inWeUacWion             
WechniTXeV,  bXW  Whe\  need  Wime  Wo  be  beWWeU  deYeloSed,  foU  XV  Wo  XndeUVWand               
hoZ  beVW  Wo  deSlo\  Whem,  and  foU  VWandaUd  conYenWionV  Wo  deYeloS  Vo  Whe               
Vame   geVWXUeV   mean   Whe   Vame   WhingV   in   diffeUenW   V\VWemV    (NoUman,   2010).   
  

GeVWXUe  ConWUol  foU  DigiWal  ObjecWV.   InWeUacWing  ZiWh  objecWV  XVing  \oXU  handV  iV  a               
naWXUal  paUW  of  hXman  behaYioU.  UVing  \oXU  handV  Wo  inWeUacW  ZiWh  digiWal  objecWV  and                
VmaUW  deYiceV  iV  WheUefoUe  naWXUal  aV  Zell.  DigiWal  objecWV  aUe  in  WhiV  aUWicle  defined  aV                 
deYiceV  WhaW  do  noW  haYe  a  deVignaWed  inWeUface.  ThiV  can  be  elecWUonicV  and  deYiceV  in                 
a  VmaUW  home  VXch  aV  lighWV,  oYenV  VpeakeUV  eWc.  TheVe  digiWal  objecWV  ofWen  go  XndeU                 
Whe  WeUm  InWeUneW  of  ThingV  (IoT)  and  Talal  H.  NooU  aUgXeV  WhaW  ³GeVWXUe  conWUol  can                 
help  IoT  VeUYiceV'  XVeUV  Wo  haYe  a  beWWeU  e[peUience  Zhen  conWUolling  Whe  IoT               
pUodXcWV´  (NooU,  2018,  p.  3894).  In  hiV  aUWicle  he  e[ploUeV  Whe  Wechnical  poVVibiliW\  of                
conWUolling  IoT  pUodXcWV  b\  making  VignV  ZiWh  WheiU  fingeUWipV  (NooU,  2018).  B\              
Uecogni]ing  Whe  XVeU¶V  e\eV  and  fingeU,  geVWXUeV  can  be  XVed  Wo  inWeUacW  ZiWh  a  VcUeen.                 
ThiV  meWhod  makeV  Whe  HCI  moUe  VecXUe  Whan  a  WoXch-baVed  inWeUface  (XX,  Zhang,  &                
ZhoX,   2018).     

3.2 PRWenWial   DRmainV   fRU   GeVWXUe   CRnWURl   

GeVWXUe  conWUol  haV  been  e[ploUed  in  VeYeUal  diffeUenW  domainV.  ThiV  VecWion  Zill  look               
aW   Vome   domainV   ZheUe   geVWXUe   conWUol   can   haYe   a   big   impacW.     

GeVWXUe  ConWUol  in  RoboWicV.   TeleUoboWicV  alloZV  opeUaWoUV  Wo  e[ecXWe  WaVkV  fUom  a             
Vafe  diVWance  and  haYe  been  pUoYen  VXcceVVfXl  in  man\  ViWXaWionV.  BXW  man\  WaVkV  aUe                
VWill  compleWed  b\  hXman  opeUaWoUV  deVpiWe  Whe  pUeVence  of  ha]aUdV  and  Whe  coVWV               
aVVociaWed  ZiWh  pUoWecWiYe  geaU,  WUaining  and  addiWional  ZaVWe  diVpoVal.  GeVWXUe            
conWUol  can  in  WhiV  e[ample  haYe  a  gUeaW  adYanWage  aV  ZoUkeUV  VWill  haYe  peUfoUmance                
and  cogniWiYe  adYanWageV  oYeU  UemoWe  V\VWemV.  ThiV  inclXdeV  ZoUk-UaWe,  adapWabiliW\,            
de[WeUiW\  and  minimal  dela\  and  laWenc\  iVVXeV  dXUing  WaVk  planning  and  e[ecXWion              
(ValneU,   KUXXVamle,   &   PU\oU,   2018).   
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TeMoWo  iV  a  WeleopeUaWion  V\VWem  WhaW  combineV  geVWXUe  conWUol  ZiWh  Yoice  conWUol              
and  a  ph\Vical  WXUn  knob  Wo  inWeUacW  ZiWh  a  WeleUoboW.  The  V\VWem  ZaV  WeVWed  on                 
diffeUenW  UoboWV  in  diffeUenW  VcenaUioV;  WhUeading  a  needle  ZiWh  a  UoboWic  aUm  and               
naYigaWing  a  UoYeU  and  conWUolling  iWV  aUm.  The  UeVXlWV  VhoZ  WhaW  XnWUained  opeUaWoUV               
can  qXickl\  XndeUVWand  and  XVe  TeMoWo  aV  Zell  aV  Whe  Zell-eVWabliVhed  moXVe  inpXW,               
eYen  Wo  UXn  V\VWemV  Woo  comple[  Wo  be  efficienWl\  opeUaWed  ZiWh  onl\  a  moXVe  inpXW                 
(ValneU   eW   al.,   2018).   

GeVWXUe  ConWUol  in  HealWhcaUe.   A  domain  WhaW  can  benefiW  a  loW  fUom  geVWXUe              
conWUol  iV  Whe  healWhcaUe  VecWoU  b\  offeUing  a  majoU  adYanWage  in  VWeUiliW\  (WachV  eW  al.,                 
2008)  aV  Zell  aV  aiding  healWh  pUofeVVionalV  in  ViWXaWionV  ZheUe  conYenWional             
inWeUfaceV  mighW  noW  be  VXfficienW.  In  a  caVe  VWXd\,  UeVeaUcheUV  gaWheUed  eWhnogUaphic              
eYidence  fUom  VXUgeonV  aboXW  Whe  concepW  of  geVWXUe-baVed  conWUol  oYeU  Whe  diVpla\  of               
WheiU  paWienWV¶  UadiogUaphic  Vcan  daWa  dXUing  VXUgeU\.  ThiV  gaYe  Whe  VXUgeonV  diUecW              
acceVV  Wo  WheiU  paWienWV¶  Vcan  daWa  ZiWhoXW  compUomiVing  WheiU  VWeUile  ZoUking  field              
and  ZiWhoXW  needing  Wo  Uel\  on  oWheU  clinicianV  Wo  inWeUpUeW  diVpla\  inVWUXcWionV              
(SWeYenVon  eW  al.,  2016).  AnoWheU  e[ample  of  geVWXUe  conWUol  in  healWh  caUe  iV  GeVWi[,  a                 
YiVion-baVed  hand  geVWXUe  capWXUe  and  UecogniWion  V\VWem  WhaW  inWeUpUeWV  in  Ueal-Wime             
Whe  XVeU'V  geVWXUeV  foU  naYigaWion  and  manipXlaWion  of  imageV  in  an  elecWUonic  medical               
UecoUd  (EMR)  daWabaVe  (WachV  eW  al.,  2008).  UlWigeVWXUe  iV  anoWheU  e[ample;  a              
loZ-coVW  ZUiVWband  able  Wo  WUack  hand  geVWXUeV  foU  Vimple  naYigaWion.  (Zhao,  Wang,              
ZhoX,  &  Zhang,  2019).  UVing  geVWXUe  conWUol  Wo  opeUaWe  a  UoboWic  micUoVcope  in               
VXUgeU\  (AnWoni,  SonnenbXUg,  SaaWhoff,  &  SchlaefeU,  2015),  lapaUoVcopic  inVWUXmenWV           
(AUkenboXW,  de  WinWeU,  Ali,  Dankelman,  &  BUeedYeld,  2018)  and  foU  conWUolling             
opeUaWing   lighW   (HaUWmann   &   SchlaefeU,   2013)   haYe   alVo   been   e[ploUed.   

GeVWXUe  ConWUol  foU  SSace  and  MiliWaU\.   DomainV  WhaW  leadV  Wo  ph\Vical  UeVWUicWionV              
Wo  bodil\  moYemenW  Zill  haYe  cleaU  incenWiYeV  foU  Waking  adYanWage  of  geVWXUe  conWUol.               
AVWUonaXWV  in  Space  aUe  one  e[ample  of  WhiV.  ReVeaUch  haV  been  done  XVing  VenVoU                
gloYeV  Wo  conWUol  a  Vnake-like  UoboW  in  Vpace  (LiX,  LXo,  &  JX,  2016).  MoUe  UecenWl\,                 
NWenWion,  a  VWaUW-Xp  aW  Whe  NoUZegian  UniYeUViW\  of  Science  and  Technolog\,             
collaboUaWed  ZiWh  NASA  and  Whe  SETI  InVWiWXWe  Wo  make  a  gloYe  WhaW  conWUolV  a  dUone                 
b\  onl\  XVing  hand  geVWXUeV  Vpecificall\  foU  XVe  in  Vpace  e[ploUaWion  (McDonald,              
2019).  UVing  mXlWimodal  inWeUacWion,  combining  geVWXUe  conWUol  and  Vpeech,  haV  been             
UeVeaUched  in  Whe  field  of  miliWaU\  Wechnolog\  Wo  deYelop  Vo-called  ³Ueal-Wime             
VolideU-UoboW   Weaming´   (BaUbeU,   HoZaUd,   &   WalWeU,   2016).     

GeVWXUe  ConWUol  in  AXWomoWiYe  SecWoU.   GeVWXUe  conWUol  haV  been  incUeaVingl\            
applied  Wo  Whe  aXWomoWiYe  indXVWU\  Wo  UedXce  Whe  diVWUacWion  caXVed  b\  in-Yehicle              
inWeUacWionV  Wo  Whe  pUimaU\  WaVk  of  dUiYing  (Ma,  XX,  &  DX,  2016).  SWXdieV  VhoZ  WhaW                 
geVWXUe  conWUol  indeed  UeqXiUed  leVV  aWWenWion  off  Whe  Uoad  (ga]e  aYeUVion)  (Ma  eW  al.,                
2016;  Z|lleU,  Bechmann,  &  AbendUoWh,  2018).  On  Whe  oWheU  hand,  Whe  W\peV  of               
geVWXUeV  WhaW  aUe  neceVVaU\/ZanWed  Zhile  dUiYing  aUe  impoUWanW  Wo  conVideU.  UVeUV             
pUefeU  noW  Wo  XVe  geVWXUeV  Wo  conWUol  fXncWionV  WhaW  aUe  diUecWl\  UelaWed  Wo  WheiU  VafeW\                 
(aV  adjXVWing  UeaUYieZ  miUUoU)  oU  UeqXiUe  high  pUeciVion  (aV  conWUolling  aiU  YenW)  (Ma               
eW   al.,   2016).   

GeVWXUe  ConWUol  in  HeaY\  IndXVWU\.   A  hXge  WhaW  domain  can  benefiW  fUom              
geVWXUe-baVed  inWeUacWion  iV  Whe  heaY\  indXVWU\.  In  conVWUXcWion,  cUaneV  can  impUoYe             
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WheiU  conWUol  V\VWem  b\  XVing  geVWXUe  conWUol  (PieWUXVeZic],  2014).  Mobile  UoboWic             
V\VWem  foU  UemoWe  leak  VenVing  and  locali]aWion  can  alVo  benefiW  fUom  geVWXUe-baVed              
inWeUacWion   (Soldan,   BonoZ,   &   KUoll,   2012).     

GeVWXUe  ConWUol  foU  Enhanced  LeaUning.   An  aUea  ZheUe  geVWXUe  conWUol  can  be              
highl\  beneficial  iV  Zhen  XVed  foU  edXcaWional  pXUpoVeV.  IW  iV  VhoZn  WhaW  geVWXUeV               
acWiYaWe  laUgeU  poUWionV  of  Whe  VenVoUi-moWoU  V\VWem  and  moWoUic  pUe-planning            
paWhZa\V  Whan  Whe  oWheU  WZo  V\VWemV  and  geVWXUeV  ma\,  WheUefoUe,  lead  Wo  VWUongeU               
memoU\  WUaceV  (Goldin-MeadoZ,  2011).  Taking  adYanWage  of  modeUn  VR  Wechnolog\            
giYeV  Whe  poVVibiliW\  Wo  VimXlaWe  ViWXaWionV  and  YiVXali]aWionV  in  3D  Wo  make  Whe               
leaUneU  acqXiUe  knoZledge  faVWeU  and  VhoZ  beWWeU  UeWenWion  compaUed  Wo  2D  (JeffUe\,              
2011).  B\  XVing  handV  aV  conWUolV  ZiWh  geVWXUeV,  Whe  leaUneU  iV  giYen  Whe  poVVibiliW\                
noW  onl\  Wo  geW  3D  YiVXali]aWionV  bXW  alVo  Wo  inWeUacW  ZiWh  Whe  conWenW.  ThiV  folloZV  Whe                 
concepW  of  ³leaUning  b\  doing´  Zhich  ZoUkV  aV  a  VWUong  aUgXmenW  foU  geVWXUe  conWUol                
in  edXcaWion.  Engelkamp  and  ZimmeU  peUfoUmed  a  WaVk  liWeUaWXUe  ZheUe  Whe\  foXnd              
WhaW  Zhen  paUWicipanWV  peUfoUmed  VhoUW  WaVkV,  Whe  WaVk-aVVociaWed  ZoUdV  ZeUe  beWWeU             
UemembeUed  compaUed  Wo  condiWionV  ZheUe  Whe  paUWicipanWV  Uead  Whe  ZoUdV,  oU  VaZ              
oWheUV  peUfoUm  Whe  WaVkV  (Engelkamp  &  ZimmeU,  1994).  When  leaUneUV  Wake  ph\Vical              
deciVionV  aboXW  Whe  placemenW  of  conWenW  XVing  UepUeVenWaWional  geVWXUeV,  Whe\  become            
³acWiYe  leaUneUV´,  Zhich  haV  VhoZn  an  incUeaVe  of  STEM  gUadeV  b\  20%  (WaldUop,               
2015).  ThiV  UeVeaUch  can  boWh  aUgXe  foU  XVing  geVWXUe-baVed  inWeUacWion  diUecWl\  foU              
edXcaWional  pXUpoVeV,  bXW  alVo  aV  an  aUgXmenW  foU  XVing  geVWXUe  conWUol  oYeU              
conYenWional   conWUolleUV   foU   enhanced   leaUning   effecW.     

4 DISCUSSION   

4.1 Changing   cRnYenWiRnal   inWeUacWiRn   SaWWeUnV   UeTXiUeV   gRRd   
incenWiYeV   

Looking  back  aW  hiVWoU\,  Ze  haYe  Veen  WhaW  geVWXUe  conWUol  iV  noW  VomeWhing  neZ.                
TU\ing  Wo  implemenW  geVWXUe-baVed  inWeUacWion  in  Whe  conVXmeU  maUkeW  haV  been  WUied              
VeYeUal  WimeV  ZiWhoXW  making  a  VXbVWanWial  impacW.  GeVWXUe  conWUol  foU  TVV  had              
incenWiYeV  foU  implemenWing  WhiV  Wechnolog\;  Wo  VolYe  Whe  pUoblem  of  loVing  Whe              
UemoWe  oU  haYing  Wo  geW  oXW  of  Whe  Vofa  Wo  find  iW.  HoZeYeU,  Whe  incenWiYeV  ZheUe  noW                   
impacWfXl  enoXgh  foU  people  Wo  leaUn  WhiV  neZ  Za\  of  inWeUacWion.  AddiWionall\,  XVing               
inaccXUaWe  and  immaWXUe  Wechnolog\  aUe  aUgXabl\  UeaVonV  Zh\  Ze  do  noW  Vee  WhiV  W\pe                
of  inWeUacWion  in  TVV  Woda\.  Mobile  phoneV,  compXWeUV  and  an\  VcUeen-baVed  CE              
VeUYeV  eYen  feZeU  incenWiYeV  foU  implemenWing  geVWXUe-baVed  inWeUacWion.  The  Magic            
Leap  did  a  VeUioXV  aWWempW  aW  changing  hoZ  Ze  inWeUacW  ZiWh  compXWeUV,  bXW  iW  VeUYeV                 
moUe  aV  a  Wool  foU  deVigneUV  and  UeVeaUcheUV  on  Whe  Wopic  of  geVWXUe  conWUol  UaWheU  Whan                  
a  conVXmeU  pUodXcW.  Looking  aW  WheVe  e[ampleV  one  coXld  aUgXe  WhaW  geVWXUe  conWUol               
VhoXld  noW  be  applied  ZheUe  hXmanV  haYe  alUead\  a  Zell-eVWabliVhed  inWeUacWion             
paWWeUn   if   iW   iV   noW   enoXgh   incenWiYeV   Wo   change   iW.     
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4.2 WhaW   mediXm   haV   Whe   biggeVW   SRWenWial   fRU   geVWXUe-baVed   
inWeUacWiRn?   

MoVW  VcUeen-baVed  inWeUfaceV  lack  Whe  incenWiYeV  Wo  adapW  Wo  geVWXUe-baVed  inWeUacWion,             
bXW  WheUe  aUe  Vome  e[ampleV  ZheUe  WhiV  iV  noW  Whe  caVe.  In  healWhcaUe,  ZheUe  VWeUiliW\                 
ofWen  iV  UeqXiUed,  geVWXUe-baVed  inWeUacWion  can  aid  healWh  pUofeVVionalV  Wo  inWeUacW             
ZiWh   Whe   Vame   WoolV   ZiWhoXW   compUomiVing   WheiU   ZoUk-   oU   h\gienic   enYiUonmenW.     

DigiWal  objecWV  and  IoT  do  noW  haYe  an  eVWabliVhed  inWeUacWion  paWWeUn  and  WheUefoUe               
aUe  WableWV  and  compXWeUV  ofWen  XVed  Wo  conWUol  WheVe  XniWV.  In  WhiV  caVe,  iW  iV  plenW\  of                   
incenWiYeV  Wo  implemenW  a  neZ  and  moUe  effecWiYe  Za\  of  inWeUacWing.  The  pUoblem  iV                
WhaW  ZiWhoXW  an\  inWeUface,  Whe  XVeU  doeV  noW  geW  Whe  feedback  WhaW  iV  needed.  La\eUing                 
infoUmaWion  and  feedback  ZiWh  AR  can  VolYe  WhiV  pUoblem,  bXW  aV  AR  Wechnolog\  iV                
noW  a  common  poVVeVVion  foU  Whe  geneUal  conVXmeU,  iW  mighW  noW  be  Whe  UighW  Wime  Wo                  
appl\   WhiV   Wechnolog\.     

The  need  foU  feedback  iV  one  of  6  deVign  pUincipleV  b\  NoUman  (Whe  oWheU  being:                 
YiVibiliW\,  affoUdance,  mapping,  conVWUainWV  and  conViVWenc\)  (NoUman,  2013).  TheVe           
pUincipleV  can  be  XVed  aV  a  UefeUence  Zhen  diVcXVVing  Whe  UighW  mediXm  Wo  appl\                
geVWXUe-baVed  inWeUacWion.  Doing  Vo,  one  can  aUgXe  WhaW  VR  and  AR  VWand  oXW  aV  Whe                 
pUefeUUed   mediXm   aV   iW   pUoYideV   beWWeU   YiVibiliW\   and   affoUdance.     

4.3 WheUe   VhRXld   geVWXUe-baVed   inWeUacWiRn   be   aSSlied?   

Some  domainV  VhoZ  cleaUeU  incenWiYeV  of  appl\ing  geVWXUe-baVed  inWeUacWion  Whan            
oWheUV.  HealWhcaUe  haYe  alUead\  been  menWioned  aV  an  inWeUeVWing  domain  dXe  Wo              
VWeUiliW\,  bXW  man\  of  iWV  e[ampleV  alVo  oYeUlapV  ZiWh  Whe  domain  of  UoboWicV.               
ConWUolling  UoboWV,  in  an\  indXVWU\,  XVXall\  UelieV  on  adYanced  conWUolleUV  ZiWh  VWickV              
and  leYeUV.  If  deVigned  coUUecWl\,  geVWXUe-baVed  inWeUacWion  can  in  WheVe  caVeV  offeU  a               
moUe  naWXUal  and  inWXiWiYe  foUm  of  inWeUacWion.  SWXdieV  alVo  VhoZ  WhaW  b\  XVing               
geVWXUeV  compaUed  Wo  conWUolleUV  iW  leadV  Wo  faVWeU  leaUning  and  beWWeU  memoUabiliW\              
(Goldin-MeadoZ,   2011;   ValneU   eW   al.,   2018;   WaldUop,   2015).   

In  ViWXaWionV  ZheUe  Whe  hXman  bod\  iV  ph\Vicall\  UeVWUained  alVo  VhoZV  VeYeUal              
incenWiYeV  foU  appl\ing  geVWXUe-baVed  inWeUacWion.  ThaW  coXld  be  opeUaWing  dUoneV  in  a              
pUeVVXUi]ed  VpaceVXiW,  conWUolling  eqXipmenW  XndeU  ZaWeU,  in  ha]aUdoXV  enYiUonmenWV           
oU  XVed  in  miliWaU\  combaW.  GeVWXUe-baVed  inWeUacWion  VeUYeV  Whe  benefiW  of  onl\              
UeqXiUe   Vmall   moYemenWV   of   hand   geVWXUeV   and   UeqXiUeV   onl\   one   hand.     

GeVWXUe-baVed  inWeUacWion  in  Whe  aXWomoWiYe  indXVWU\  haYe  Vome  incenWiYeV  foU            
being  XVefXl  and  iV  implemenWed  in  VeYeUal  modeUn  caUV.  DeVpiWe  aUgXmenWV  foU  leVV               
ga]e-aYeUVion  Zhile  dUiYing  and  loZeU  opeUaWing  WimeV  of  daVhboaUd  conWUolleUV            
(Z|lleU  eW  al.,  2018)  Whe  aZaUd  of  leaUning  WhiV  Za\  of  inWeUacWion  iV  onl\  Zhen                 
opeUaWing  minoU  conWUolV  in  Whe  caU  (i.e.  YolXme,  aXdio  WUackV,  heaW,  eWc.).  One  can                
WheUefoUe  aUgXe  WhaW  eYen  WhoXgh  WheUe  aUe  incenWiYeV  foU  appl\ing  geVWXUe-baVed             
inWeUacWion  iW  iV  noW  ZheUe  iW  haV  Whe  biggeVW  poWenWial.  One  can  alVo  VpecXlaWe  if  caUV                  
Zill   dUiYe   b\   WhemVelYeV   in   Whe   neaU   fXWXUe   and   Zill   noW   need   hXman   inWeUacWion   aW   all.     
  



10   

4.4 WhaW   cRmSlicaWiRnV   need   WR   be   cRnVideUed   Zhen   deVigning   fRU   
geVWXUe-baVed   inWeUacWiRn?   

GeVWXUeV  aUe  highl\  UelaWed  Wo  oXU  cXlWXUe.  In  Vome  coXnWUieV  WhXmbV  Xp  meanV  good,                
Zhile  iW  mighW  mean  VomeWhing  compleWel\  diffeUenW  VomeZheUe  elVe.  CXlWXUal            
diffeUenceV  aUe  VomeWhing  deVigneUV  haYe  Wo  Wake  inWo  accoXnW  Zhen  deVigning  foU              
geVWXUeV.  In  a  VWXd\  Wo  WeVW  geVWXUe  conWUol  on  TVV  acUoVV  diffeUenW  coXnWUieV  Whe\                
conclXded  WhaW  WheiU  findingV  VXppoUW  Whe  poVVibiliW\  of  cUeaWing  a  global  geVWXUe              
langXage  foU  moVW  baVic  TV  inWeUacWionV  (MeieU,  GoWo,  &  W|Umann,  2014).  The              
aVpecW  of  Waking  accoXnW  foU  cXlWXUal  diffeUenceV  mainl\  applieV  Zhen  deVigning  foU              
pUodXcWV  WhaW  Zill  Ueach  Whe  global  maUkeW.  On  Whe  oWheU  hand  iW  iV  VhoZn  WhaW                 
XVeU-defined  geVWXUeV  aUe  pUefeUable  and  moUe  memoUable  Whan  Whe  oWheU  W\peV             
(Mali]ia  &  BellXcci,  2012);  (O'haUa,  HaUpeU,  MenWiV,  Sellen,  &  Ta\loU,  2013))  Zhich              
mighW   VolYe   Whe   pUoblem   of   cXlWXUal   diffeUenceV.   

Social  accepWance  iV  alVo  VomeWhing  Wo  conVideU  Zhen  deVigning  foU  geVWXUe  conWUol.              
When  Walking  aboXW  conVXmeU  elecWUonicV  man\  ZoXld  be  XncomfoUWable  XVing            
geVWXUeV  in  pXblic  VpaceV  (Rico  &  BUeZVWeU,  2010).  AlVo,  people  Zill  alZa\V  be               
UelXcWanW  Wo  leaUn  VomeWhing  neZ.  AV  aUgXed  befoUe,  iW  VhoXld  be  a  cleaU  incenWiYe  foU                 
people   Wo   VZiWch   fUom   conYenWional   inWeUacWion   Wo   geVWXUe-baVed   inWeUacWion.     

The  Wechnolog\  alVo  haV  Wo  be  maWXUe  enoXgh  foU  geVWXUe  conWUol  Wo  be  accepWed  b\                 
Whe  pXblic.  IW  iV  UeaVonable  Wo  aUgXe  WhaW  geVWXUe  WUacking  Wechnolog\  Zill  be  highl\                
accXUaWe  and  non-inWUXViYe  in  a  coXple  of  \eaUV.  UnWil  When  Whe  Wechnolog\  being  XVed                
VhoXld  fiW  Whe  pXUpoVe  of  Whe  applicaWion.  If  one  iV  depending  on  high  accXUac\  bXW                 
mobiliW\  iV  noW  a  neceVViW\,  When  a  VenVoU  gloYe  mighW  be  Whe  UighW  Wechnolog\  Wo  XVe                  
HoZeYeU,  if  moYabiliW\  iV  UeqXiUed  bXW  onl\  Vimple  geVWXUeV  aUe  being  WUacked,  When  a                
cameUa-baVed  Wechnolog\  mighW  be  VXiWable.  The  Wechnolog\  Ze  haYe  Woda\  iV             
definiWel\  good  enoXgh  Wo  be  conVideUed  a  Ueliable  Wool  foU  geVWXUe-baVed  inWeUacWion.              
Some  WechnologieV  WhoXgh,  like  AR  and  VR,  aUe  Zell  deYeloped,  bXW  VWill  e[penViYe               
and  noW  a  common  poVVeVVion  foU  Whe  geneUal  conVXmeU.  ThiV  makeV  WheVe              
WechnologieV  moUe  XVable  Zhen  deVigning  foU  a  feZ  e[peUWV  (B2B)  in  ceUWain  domainV               
Whan   foU   Whe   geneUal   pXblic   (B2C).     

AlWhoXgh  Whe  Wechnolog\  iV  maWXUe,  Whe  maUkeW  haV  Wo  be  aV  Zell.  Timing  and                
e[ecXWion  aUe  WheUefoUe  a  majoU  aVpecW  Wo  conVideU  Zhen  UeleaVing  neZ  Wechnolog\.              
The  Wechnolog\  haV  Wo  be  UeleaVed  aW  a  Wime  Zhen  Whe  maUkeW  iV  Uead\  foU  iW  and                   
e[ecXWed  pUopeUl\.  The  NinWendo  PoZeU  GloYe  iV  a  good  e[ample  of  a  gUeaW  concepW                
bXW  lacked  boWh  Whe  maWXUe  Wechnolog\  (aV  Whe  gloYe  ZaV  highl\  inaccXUaWe  and               
XnUeVponViYe)  and  Whe  e[ecXWion  (Whe  NinWendo  plaWfoUm  ZaV  noW  deVigned  foU  WhiV              
W\pe  of  inWeUacWion).  DecadeV  laWeU,  Whe\  managed  Wo  deliYeU  a  Wechnolog\  WhaW  ZaV               
maWXUe  enoXgh  and  e[ecXWed  pUopeUl\  ZiWh  Whe,  gUeaWl\  VXcceVVfXl,  NinWendo  Wii  (Lee,              
2011).   

The  lack  of  ph\Vical  feedback  Zhen  inWeUacWing  XVing  geVWXUeV  conWUadicWV  ZiWh             
NoUman¶V  deVign  pUincipleV  and  can  be  XVed  aV  an  aUgXmenW  againVW  Whe  XVe  of                
geVWXUe-baVed  inWeUacWion.  SWXdieV  of  conWUolling  VXUgical  UoboW  Whe\  conclXded  WhaW  a             
WoXch-baVed  inWeUface  ZaV  beWWeU  VXiWed  foU  Whe  WaVk  Whan  geVWXUe  inWeUacWion  dXe  Wo  lack                
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of  foUce-feedback  pUoYided  b\  conWacW  ZiWh  a  VXUface,  WhXV  leading  Wo  a  lack  of                
pUeciVion,  VenViWiYiW\,  and  conWe[W  (ZhoX,  CabUeUa,  WachV,  LoZ,  &  SXndaUam,  2016).             
WiWh  WhiV  in  mind,  geVWXUe-baVed  inWeUacWion  mighW,  in  ceUWain  aUeaV,  noW  be  VXiWable               
befoUe   beWWeU   Wechnolog\   (aV   VenVoU   gloYeV   ZiWh   hapWic   feedback)   aUe   aYailable.     

5 CONCLUSION   

ThiV  aUWicle  haV  looked  aW  Whe  hiVWoU\  of  geVWXUe  conWUol  and  hoZ  and  ZheUe  iW  haV  been                   
XVed  in  Whe  paVW.  DiffeUenW  media  ZheUe  geVWXUe  conWUol  can  be  XVed  haYe  been                
menWioned.  And  laVWl\,  iW  haV  pUeVenWed  pUomiVing  domainV  ZheUe  geVWXUe  conWUol  can             
make   an   impacW.   

TheUe  iV  no  doXbW  WhaW  geVWXUe-baVed  inWeUacWion  haV  a  laUge  poWenWial,  bXW  iW  haV  Wo                 
be  XVed  in  aUeaV  ZheUe  iW  haV  cleaU  incenWiYeV  foU  changing  a  Zell-eVWabliVhed               
inWeUacWion  paWWeUn.  DiffeUenW  media  and  domainV  offeU  diffeUenW  challengeV  and            
poVVibiliWieV.  DeVigneUV  and  UeVeaUcheUV  haYe  Wo  conVideU  WhiV  Zhen  making  pUodXcWV             
foU  geVWXUe  conWUol.  When  deVigning  geVWXUe  conWUolling  foU  global  conVXmeUV,  one  haV              
Wo  Wake  inWo  accoXnW  Vocial  accepWance,  cXlWXUal  diYeUViW\  and  Whe  bXUden  of  leaUning               
VomeWhing  neZ.  In  all  caVeV  appl\ing  WhiV  Wechnolog\  one  haV  Wo  conVideU  Whe               
folloZing;  geVWXUe-baVed  inWeUacWion  VhoXld  noW  be  XVed  becaXVe  iW  iV  poVVible,  bXW              
becaXVe   iW   iV   needed.     

RefeUenceV   

1. AbUaham,  L.,  UUUX,  A.,  NRUmani,  N.,  Wilk,  M.,  &  WalVh,  M.  (2018).  Hand  TUacking                
and  GeVWXUe  RecRgniWiRn  UVing  LenVleVV  SmaUW  SenVRUV.   6HQVRUV,  18 (9).           
dRi:10.3390/V18092834   

2. AnWRni,  S.-T.,  SRnnenbXUg,  C.,  SaaWhRff,  T.,  &  SchlaefeU,  A.  (2015).  FeaVibiliW\  Rf              
inWeUacWiYe  geVWXUe  cRnWURl  Rf  a  URbRWic  micURVcRSe.  In   CXUUHQW  DLUHFWLRQV  LQ             
BLRPHGLFDO   EQJLQHHULQJ    (VRl.   1,   SS.   164).   

3. AUkenbRXW,  E.  A.,  de  WinWeU,  J.  C.  F.,  Ali,  A.,  Dankelman,  J.,  &  BUeedYeld,  P.  (2018).                  
A  geVWXUe-baVed  deVign  WRRl:  AVVeVVing  2DOF  YV.  4DOF  VWeeUable  inVWUXmenW  cRnWURl.             
3LR6   2NE,   13 (7),   XUn:iVVn:1932-6203.   dRi:10.1371/jRXUnal.SRne.0199367   

4. BaUbeU,  D.,  HRZaUd,  T.,  &  WalWeU,  M.  (2016).   A  PXOWLPRGDO  LQWHUIDFH  IRU  UHDO-WLPH               
VROGLHU-URERW   WHDPLQJ .  

5. EngelkamS,  J.,  &  ZimmeU,  H.  D.  (1994).  MRWRU  VimilaUiW\  in  VXbjecW-SeUfRUmed  WaVkV.              
3V\FKRORJLFDO   5HVHDUFK,   57 (1),   47-53.   dRi:10.1007/bf00452995   

6. GeVWXUe   CRnWURl.   (2019)   GaUWneU   GlRVVaU\.   
7. GRldin-MeadRZ,  S.  (2011).  LeaUning  WhURXgh  geVWXUe.   :LOH\  IQWHUGLVFLSOLQDU\          

5HYLHZV:   CRJQLWLYH   6FLHQFH,   2 (6),   595-607.   dRi:10.1002/ZcV.132   
8. HaUWmann,  F.,  &  SchlaefeU,  A.  (2013).  FeaVibiliW\  Rf  WRXch-leVV  cRnWURl  Rf  RSeUaWing              

URRm  lighWV.   IQWHUQDWLRQDO  JRXUQDO  RI  CRPSXWHU  AVVLVWHG  5DGLRORJ\  DQG  6XUJHU\,  8 (2),             
259-268.   dRi:10.1007/V11548-012-0778-2   

9. HillebUand,  G.,  BaXeU,  M.,  AchaW],  K.,  &  KlinkeU,  G.  (2006).  InYeUVe  kinemaWic              
infUaUed   RSWical   fingeU   WUacking.     

10. HaanV,  A.,  &  IjVVelVWeijn,  W.  A.  (2012).  EmbRdimenW  and  WeleSUeVence:  TRZaUd  a              
cRmSUehenViYe  WheRUeWical  fUameZRUk.   IQWHUDFWLQJ  ZLWK  CRPSXWHUV,  24 (4),  211-218.          
dRi: hWWSV://dRi.RUg/10.1016/j.inWcRm.2012.04.010   



12   

11. JeffUe\,  J.  (2011).  DigiWal  DRme  YeUVXV  DeVkWRS  DiVSla\  in  an  EdXcaWiRnal  Game:              
GaWeV  Rf  HRUXV.   IQWHUQDWLRQDO  JRXUQDO  RI  GDPLQJ  DQG  CRPSXWHU-MHGLDWHG           
6LPXODWLRQV   (IJGCM6),   3 (1),   13-32.   dRi:10.4018/jgcmV.2011010102   

12. KalgaRnkaU,  K.,  &  Raj,  B.  (2009,  19-24  ASUil  2009).   2QH-KDQGHG  JHVWXUH  UHFRJQLWLRQ              
XVLQJ  XOWUDVRQLF  DRSSOHU  VRQDU.  PaSeU  SUeVenWed  aW  Whe  2009  IEEE  InWeUnaWiRnal             
CRnfeUence   Rn   AcRXVWicV,   SSeech   and   Signal   PURceVVing.   

13. Kim,  D.,  HilligeV,  O.,  I]adi,  S.,  BXWleU,  A.  D.,  Chen,  J.,  OikRnRmidiV,  I.,  &  OliYieU,  P.                  
(2012).   DLJLWV:  IUHHKDQG  3D  LQWHUDFWLRQV  DQ\ZKHUH  XVLQJ  D  ZULVW-ZRUQ  JORYHOHVV            
VHQVRU .  PaSeU  SUeVenWed  aW  Whe  PURceedingV  Rf  Whe  25Wh  annXal  ACM  V\mSRViXm  Rn               
UVeU   inWeUface   VRfWZaUe   and   WechnRlRg\,   CambUidge,   MaVVachXVeWWV,   USA.     

14. Lee,   J.   C.   (2011).    KQRZ   <RXU   3ODWIRUP-CKDSWHU   22 :   ElVeYieU   Inc.   
15. Lien,  J.,  Gillian,  N.,  KaUagR]leU,  M.  E.,  AmihRRd,  P.,  SchZeVig,  C.,  OlVRn,  E.,  .  .  .                  

PRXS\UeY,  I.  (2016).  SRli:  XbiTXiWRXV  geVWXUe  VenVing  ZiWh  millimeWeU  ZaYe  UadaU.             
ACM   7UDQV.   GUDSK.,   35 (4),   1-19.   dRi:10.1145/2897824.2925953   

16. LiX,  J.,  LXR,  Y.,  &  JX,  Z.  (2016).  An  inWeUacWiYe  aVWURnaXW-URbRW  V\VWem  ZiWh  geVWXUe                
cRnWURl.(ReVeaUch  AUWicle)(ReSRUW).   CRPSXWDWLRQDO  IQWHOOLJHQFH  DQG  NHXURVFLHQFH,        
2016 (2016).   dRi:10.1155/2016/7845102   

17. Ma,  J.,  XX,  M.,  &  DX,  Y.  (2016).  A  UVabiliW\  SWXd\  Rn  In-Vehicle  GeVWXUe  CRnWURl.  In                  
(VRl.   2016-).   

18. Mali]ia,  A.,  &  BellXcci,  A.  (2012).  The  aUWificialiW\  Rf  naWXUal  XVeU  inWeUfaceV.              
CRPPXQLFDWLRQV   RI   WKH   ACM,   55 (3).   dRi:10.1145/2093548.2093563   

19. McDRnald,  R.  (2019).  An  AVWURnaXW  SmaUW  GlRYe  WR  E[SlRUe  The  MRRn,  MaUV  and               
Be\Rnd  [PUeVV  UeleaVe].  ReWUieYed  fURm       
hWWSV://ZZZ.VeWi.RUg/SUeVV-UeleaVe/aVWURnaXW-VmaUW-glRYe-e[SlRUe-mRRn-maUV-and-be\ 
Rnd   

20. Megalingam,  R.  K.,  Rangan,  V.,  KUiVhnan,  S.,  &  Alinkee]hil,  A.  B.  E.  (2016).  IR                
SenVRU-BaVed  GeVWXUe  CRnWURl  WheelchaiU  fRU  SWURke  and  SCI  PaWienWV.   IEEE  6HQVRUV             
JRXUQDO,   16 (17),   6755-6765.   dRi:10.1109/JSEN.2016.2585582   

21. MeieU,  A.,  GRWR,  K.,  &  W|Umann,  M.  (2014).  ThXmbV  XS  WR  geVWXUe  cRnWURlV?  A                
cURVV-cXlWXUal   VWXd\   Rn   VSRnWaneRXV   geVWXUeV.   In   (VRl.   8528,   SS.   211-217).   

22. NRRU,  T.  H.  (2018).  A  geVWXUe  UecRgniWiRn  V\VWem  fRU  geVWXUe  cRnWURl  Rn  inWeUneW  Rf                
WhingV  VeUYiceV.   JRXUQDO  RI  7KHRUHWLFDO  DQG  ASSOLHG  IQIRUPDWLRQ  7HFKQRORJ\,  96 (12),            
3886-3895.     

23. NRUman,  D.  A.  (2010).  The  Za\  I  Vee  iW:  NaWXUal  XVeU  inWeUfaceV  aUe  nRW  naWXUal.                 
LQWHUDFWLRQV,   17 (3).   dRi:10.1145/1744161.1744163   

24. NRUman,  D.  A.  (2013).   7KH  GHVLJQ  RI  HYHU\GD\  WKLQJV  (ReY.  and  e[S.  ed.  ed.).  NeZ                 
YRUk:   BaVic   BRRkV.   

25. O'haUa,  K.,  HaUSeU,  R.,  MenWiV,  H.,  Sellen,  A.,  &  Ta\lRU,  A.  (2013).  On  Whe  naWXUalneVV                 
Rf  WRXchleVV:  PXWWing  Whe  &ldTXR;inWeUacWiRn&UdTXR;  back  inWR  NUI.   ACM  7UDQV.            
CRPSXW.-HXP.   IQWHUDFW.,   20 (1),   1-25.   dRi:10.1145/2442106.2442111   

26. PieWUXVeZic],   K.   (2014).   GeVWXUeV   can   cRnWURl   cUaneV.    CRQWURO   EQJLQHHULQJ ,   n/a.     
27. PUemaUaWne,  P.  (2014).  HiVWRUical  DeYelRSmenW  Rf  Hand  GeVWXUe  RecRgniWiRn.  In            

HXPDQ  CRPSXWHU  IQWHUDFWLRQ  8VLQJ  HDQG  GHVWXUHV  (SS.  5-29).  SingaSRUe:  SSUingeU            
SingaSRUe.   

28. Rehg,  J.  M.,  &  Kanade,  T.  (1994,  11-12  NRY.  1994).   DLJLWE\HV:  YLVLRQ-EDVHG  KDQG               
WUDFNLQJ  IRU  KXPDQ-FRPSXWHU  LQWHUDFWLRQ.  PaSeU  SUeVenWed  aW  Whe  PURceedingV  Rf  1994             
IEEE   WRUkVhRS   Rn   MRWiRn   Rf   NRn-Uigid   and   AUWicXlaWed   ObjecWV.   

29. RicR,  J.,  &  BUeZVWeU,  S.  (2010).   8VDEOH  JHVWXUHV  IRU  PRELOH  LQWHUIDFHV:  HYDOXDWLQJ              
VRFLDO  DFFHSWDELOLW\ .  PaSeU  SUeVenWed  aW  Whe  PURceedingV  Rf  Whe  SIGCHI  CRnfeUence             
Rn   HXman   FacWRUV   in   CRmSXWing   S\VWemV,   AWlanWa,   GeRUgia,   USA.     

30. SaWhi\anaUa\anan,  M.,  &  Rajan,  S.  (2016).   M<2  AUPEDQG  IRU  SK\VLRWKHUDS\            
KHDOWKFDUH:   A   FDVH   VWXG\   XVLQJ   JHVWXUH   UHFRJQLWLRQ   DSSOLFDWLRQ .   



13   

31. Shan,  C.  (2010).  GeVWXUe  CRnWURl  fRU  CRnVXmeU  ElecWURnicV.  In  L.  ShaR,  C.  Shan,  J.                
LXR,  &  M.  EWRh  (EdV.),   MXOWLPHGLD  IQWHUDFWLRQ  DQG  IQWHOOLJHQW  8VHU  IQWHUIDFHV:             
3ULQFLSOHV,   MHWKRGV   DQG   ASSOLFDWLRQV    (SS.   107-128).   LRndRn:   SSUingeU   LRndRn.   

32. SRldan,  S.,  BRnRZ,  G.,  &  KURll,  A.  (2012).  RRbRGaVInVSecWRU  -  A  MRbile  RRbRWic               
S\VWem  fRU  RemRWe  Leak  SenVing  and  LRcali]aWiRn  in  LaUge  IndXVWUial  EnYiURnmenWV:             
OYeUYieZ  and  FiUVW  ReVXlWV.   IFAC  3URFHHGLQJV  9ROXPHV,  45 (8),  33-38.           
dRi: hWWSV://dRi.RUg/10.3182/20120531-2-NO-4020.00005   

33. SWanne\,  K.  M.,  &  HaVh,  P.  (1998).  LRcXV  Rf  UVeU-IniWiaWed  CRnWURl  in  ViUWXal               
EnYiURnmenWV:  InflXenceV  Rn  C\beUVickneVV.   3UHVHQFH:  7HOHRSHUDWRUV  DQG  9LUWXDO          
EQYLURQPHQWV,   7 (5),   447-459.   dRi:10.1162/105474698565848   

34. SWeYenVRn,  D.,  GaUdneU,  H.,  NeilVRn,  W.,  Beenen,  E.,  Gananadha,  S.,  FeUgXVVRn,  J.,  .  .                
.  Bandi,  H.  (2016).  EYidence  fURm  Whe  VXUgeRnV:  geVWXUe  cRnWURl  Rf  image  daWa               
diVSla\ed  dXUing  VXUgeU\.   BHKDYLRXU  &  IQIRUPDWLRQ  7HFKQRORJ\,  35 (12),  1063-1079.           
dRi:10.1080/0144929[.2016.1203025   

35. SWXUman,  D.  J.,  &  ZelW]eU,  D.  (1994).  A  VXUYe\  Rf  glRYe-baVed  inSXW.   IEEE  CRPSXWHU                
GUDSKLFV   DQG   ASSOLFDWLRQV,   14 (1),   30-39.   dRi:10.1109/38.250916   

36. UndeUkRffleU,  J.  (2010).   3RLQWLQJ  WR  WKH  IXWXUH  RI  8I .  PaSeU  SUeVenWed  aW  Whe  TED2010.                
hWWSV://ZZZ.Wed.cRm/WalkV/jRhn_XndeUkRffleU_dUiYe_3d_daWa_ZiWh_a_geVWXUe   

37. ValneU,  R.,  KUXXVamle,  K.,  &  PU\RU,  M.  (2018).  TeMRWR:  InWXiWiYe  MXlWi-Range             
TeleURbRWic  S\VWem  ZiWh  NaWXUal  GeVWXUal  and  VeUbal  InVWUXcWiRn  InWeUface.   5RERWLFV,            
7 (1),   9.   dRi:10.3390/URbRWicV7010009   

38. WachV,  J.  P.,  SWeUn,  H.  I.,  Edan,  Y.,  Gillam,  M.,  HandleU,  J.,  Feied,  C.,  &  SmiWh,  M.                   
(2008).  A  GeVWXUe-baVed  TRRl  fRU  SWeUile  BURZVing  Rf  RadiRlRg\  ImageV.   JRXUQDO  RI              
WKH  APHULFDQ  MHGLFDO  IQIRUPDWLFV  AVVRFLDWLRQ,  15 (3),  321-323.         
dRi:10.1197/jamia.M2410   

39. WaldURS,  M.  M.  (2015).  Wh\  Ze  aUe  Weaching  Vcience  ZURng,  and  hRZ  WR  make  iW                 
UighW.    NDWXUH,   523 (7560),   272-274.   dRi:10.1038/523272a   

40. XX,  J.,  Zhang,  X.,  &  ZhRX,  M.  (2018).  A  High-SecXUiW\  and  SmaUW  InWeUacWiRn  S\VWem                
BaVed  Rn  Hand  GeVWXUe  RecRgniWiRn  fRU  InWeUneW  Rf  ThingV.   6HFXULW\  DQG             
CRPPXQLFDWLRQ   NHWZRUNV,   2018 ,   11.   dRi:10.1155/2018/4879496   

41. ZhaR,  H.,  Wang,  S.,  ZhRX,  G.,  &  Zhang,  D.  (2019).  UlWigeVWXUe:  A  ZUiVWband-baVed               
SlaWfRUm  fRU  cRnWinXRXV  geVWXUe  cRnWURl  in  healWhcaUe.   6PDUW  HHDOWK,  11 ,  45-65.             
dRi: hWWSV://dRi.RUg/10.1016/j.Vmhl.2017.12.003   

42. ZhRX,  T.,  CabUeUa,  M.  E.,  WachV,  J.  P.,  LRZ,  T.,  &  SXndaUam,  C.  (2016).  A                 
cRmSaUaWiYe  VWXd\  fRU  WeleURbRWic  VXUgeU\  XVing  fUee  hand  geVWXUeV.   J.  HXP.-5RERW             
IQWHUDFW.,   5 (2),   1-28.   dRi:10.5898/JHRI.5.2.ZhRX   

43. Z|lleU,  I.,  Bechmann,  R.,  &  AbendURWh,  B.  (2018).  PRVVible  aSSlicaWiRnV  fRU  geVWXUeV              
Zhile  dUiYing.   AXWRPRWLYH  DQG  EQJLQH  7HFKQRORJ\,  3 (1),  11-20.          
dRi:10.1007/V41104-017-0023-7   

  


