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Mo bi l e  e -c o mmer ce  (M - co mme rc e )  i s  on e  o f  e l ec t r on i c  c o mmer ce  th at  u se s  

mo b i l e  dev ic e s  su ch  as  smar tph on e s an d tab le t s .  M - c o mme rc e  c on s i s t s  o f  mo b i l e  

sho pp ing  an d  mo b i l e  pay men t .  T h e po in t  sy s te m i s  on e  o f  th e  lo y a l ty  p ro gr a ms  

f or  r ew ar d ing  cu sto me r s  a f ter  pay me n t in  mo b i l e  pay men t .  Co mbin ing  th e  

ch ar ac ter i s t i c s  o f  mo b i l e  dev ic e s  t o  de s ig n  n ex t -g en e r at i on  po in t  sy s te ms  c ou ld  

br ing  ne w be n ef i t s  t o  M - c o mme rc e .  On  th e  o th er  h an d ,  aug men te d  r e a l i ty  ( AR)  

app l ic a t i o n s  ar e  be co ming  mo r e  an d  mor e  impo r tan t  on  mo b i l e  dev i c e s .  M o b i l e  

dev ic e s  th at  c an  su ppo r t  AR ar e  be ing  pu t  t o  p r ac t i c a l  u se  a t  a  v er y  f as t  sp e e d.  

Th e pur po se  o f  th i s  d i sse r ta t i on  i s  t o  de s ign  a  n ex t - ge n er at i o n  po in t  sy s te m  

base d on  AR an d mo b i l e  dev i c e s ,  an d to  pr o po se  t ec hn iqu e s  f or  dev e lo p ing  AR 

app l ic a t i o n s  th at  c an  be  e as i l y  ope r a te d  on  mo b i l e  de v ic e s .  T o  ach iev e  th i s  g o a l ,  I  

h av e pr o po sed  a g am i f i e d  po in t  sy s te m base d o n  AR and  mo b i l e  de v ic e s ,  and  

qu an t i ta t iv e ly  ev a lu ated  i t s  e f fe c t s  in  Ch apter s  2  an d  3 .  In  Ch apter  4 ,  th e  

co nc e p t o f  "v ir tu a l  mar ke r s "  th at  ex i s t  o n ly  in  th e  AR w or ld  i s  p ro po se d,  in  

add i t i on  to  the  c onv e n t i on a l  ph y s ic a l  A R mark er s .  Th e  c o nc e p t  i s  g ive n  fr o m the  

v i e wpo in t  o f  dev e lo p in g  AR  app l ic a t i o n s  th at  c an  be  e as i l y  o per ate d o n  mo b i l e  

dev ic e s .  I t  i s  imp le men te d  an d te s te d  thr ou gh a  p i l o t  s tudy .  I  h ave  a l so  

i l lu s tr a te d  ho w  to  u se  v i r tu a l  mark e r s  t o  imp le me n t  a  fr amew or k  f or  a  g ami f i e d  

po in t  sy s te m  base d  on  AR and  mo b i l e  de v i c e s.  

Ch apte r  1  ex p la in s  th e  pr er e qu i s i t e  k no w le dge  o f  th i s  r e se ar ch ,  "AR" ,  

"g ami f i c a t i o n ",  an d "mo b i l e  e - c o mme rc e " .  Wi th  the  spr e a d  o f  mo b i l e  de v ic e s ,  i t  

h as  bec o me  po ss ib l e  t o  r e a l i ze  th e  po in t  sy s te m on  mo b i l e  de v ic e s .  Compar e d  to  

t r ad i t i on a l  l o y a l ty  c ar d an d s tamp c ard l o y a l ty  sy s te ms ,  l oy a l ty  sy s te ms  o n  

mo b i l e  dev ic e s  c an  u pdate  po in ts  mo r e  qu ic k ly ,  pr ov id ing  u se r s w i th  a  dyn amic  

and  eng ag in g  in ter ac t i v e  d i sp lay .  

In  Ch apter  2 ,  AR- base d  3D  ch ar ac ter  d e s ign  h as  be e n  pr opo se d  as  a  w ay  to  

v i su a l i ze  the  " c o mpe t i t i o n "  o f  sh o pp in g  beh av ior  f or  the  po in t  sy s te m ,  an d  h as  

be en  c o mpare d  w i th  t r ad i t i on a l  t ex t - base d  de s ig n  an d  2D  image  de s ig n .  Th e  

co mpe t i t i o n - base d  lo y a l ty  sy s te m pro v ide s dyn amic  f e e dback f or  th e  u se r ' s  

sho pp ing  th r oug h  th e  u se r ' s  co mpe t i t i v e  aw are n e ss .  I n  add i t i o n ,  th e  tr ad i t i o n a l  

po in t  sy s te m i s  t o  r ew ar d  u se r s  f or  sh o pp ing .  In  th i s  r e se ar ch ,  th e  miss i o n  i s  

in t r o du ce d .  User s  c an  mak e  pu rch ase s  t o  a c h iev e  th e  g o a l  o f  " en v ir on me n ta l  

pr o tec t i o n " ,  "h e a l th "  and  " l o c a l i za t i on " .  I  h av e  in tr o du c e d g ami f i c a t i o n  

mec h an isms  to  re a l i ze  n ew  v a lue s  bey o nd  e c on o mic  mo t iv at i on s ,  su ch  as  soc ia l  

va lu e s.  User s  c an  c o mple te  miss i o n s  acc or d ing  to  th e ir  pr e fe r enc e s .  I  h av e  

co n duc te d  an  ev a lu at i on  ex per imen t  an d c on f ir me d  th at  par t ic ipan ts  wh o  u se d  

AR- base d  3D  c h ar ac ter  de s ig n s c o mple t e d mo re  miss i o n s  th an 2D  an d  tex t - base d  

de s ig n s.  Co mpar e d w i th  2D - base d  ( p  < 0 . 001 )  an d tex t - base d  ( p  <  0. 001 )  de s ig n ,  
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the  pa i rw ise  co mpar i son s  u s in g  th e  Bon f er ro n i  m e th o d  r ev e a le d  th at  A R- base d  3D  

ch ar ac ter  de s ign  s ig n i f ic an t ly  in cr e ase s  u ser s '  w i l l in gn e ss  t o  spen d mo re  t ime in  

the  c o mpe t i t i ve  ex per i en c e .  

In  Ch apte r  3 ,  th e  mar k er - base d  AR po in t  sy s te m de scr ibe d  in  Ch a pte r  2  

h as  bee n  f ur th er  ex p an de d,  an d  th e  e f f ec t s  o f  e ac h  e l e men t  o f  g ami f i c a t i on  an d  

the  e f f e c t s  o f  soc ia l  in ter ac t i on s  such  as  " co mpe t i t i o n "  an d " c o ope r at i on "  h av e  

be en  ev a lu ate d.  As  an  ex ten s io n  o f  the  AR po in t  sy s te m,  I  h av e  pr e pare d  a  

v i r tu a l  pe t  as  a  3D  c h ar ac ter  an d  pr ov ide  v a lu e  po in ts  as  r ew ar ds  fo r  c o mple t i ng  

miss i o n s .  Use r s  g e t  v a lu e  po in ts  a f t e r  c o mple t ing  miss i o n s .  Th e  u se r  c an  u se  th e  

va lu e  po in ts  t o  pur ch ase  v i r tu a l  f o o d t o  r e s tor e  the  en e rgy  o f  th e  v ir tu a l  pe t .  

Base d  on  th e se  g ame  e le me n ts,  u ser s  c an  c o nduc t  so c i a l  in ter ac t i on s  suc h  as  

" co mp e t i t i o n "  an d  " c oo per at i o n "  w i th  o the r  u ser s .  Use r s  c an  "c o mpe te "  w i th  e ac h  

o th e r  thr o ugh  th e ir  v i r tu a l  pe ts ,  or  "c o o pe r ate "  w i th  e ac h  o th er  by  d i s t r ibu t in g  

v i r tu a l  f o o d  t o  o th er  u ser s '  v i r tu a l  pe ts .  T h e  f i r s t  ev a lu at i o n  e xpe r im e n t 

ex amine d  th e  impac t  o f  m iss i o n s  an d  pe t - base d  f ee dbac k  o n  pur ch ase  m o t iv at i o n .  

P a ir w ise  c o mpar i so n s  u s ing  Bon f err o n i ' s  me tho d  sho w th at  pe t - base d f e e dbac k  

mo t iv ate s  u ser s  t o  pur ch ase  ( p  =  0 . 001 ) ,  an d miss i o n s  a f fe c t  u se r s '  pu rch a s e  

ch o ic e s ( p  <  0. 005 ) .  I n  th e  se c on d ev a lu at i on  ex per ime n t,  a  s ing le -u ser  sy s te m  

was  co mp ar ed  w i th  a  mu l t i - u ser  sy s te m.  T he  r e su l t s  sh ow e d th at  in  a mu l t i -u se r  

sy s te m w i th  soc ia l  in ter ac t i on ,  the  sy s te m u sage  h as  inc re ase d  s ign i f ic an t ly .   

In  Ch apte r  4,  I  h av e pro po se d  th e  c o nc e p t  o f  "v i r tu a l  mar k er s "  th at  on ly  

ex i s t  in  th e  AR w or ld .  Th e c on ce p t  was  imp le men te d an d te s te d fr o m th e  

per spec t iv e  o f  dev e lo p in g  AR app l i c a t i on s  th at  are  e asy  t o  o pe r ate  o n  mo b i l e  

dev ic e s .  T he  v i r tu a l  mark er  i s  g en e r ate d fr o m a ph y s i c a l  t e mplate  mar k er  o r  

fr o m an  e x i s t ing  v ir tu a l  mar k er .  Use r s  c an  cu sto mize  an d u se  v ir tu a l  mar k er s .  

Mu l t ip l e  AR mark er s ,  inc lu d ing  v ir tu a l  and  phy s i c a l  mark e r s,  c an  w or k tog e the r .  

Th e  v i r tu a l  mar k er  t ec hn iqu e  c an  be  u se d  to  man ipu la te  AR o b je c t s  mor e  

co nv en ien t ly  an d  impro v e  th e  in te r ac t iv i ty  an d  sc a lab i l i ty  o f  th e  mar k er - base d  

AR sy s te m.  T he  ar r an ge me n t o f  mu l t ip l e  AR mark er s  c an  be  d iv ide d in to  tw o  

c a teg or i e s .  On e i s  t o  ar r an g e an d l in k mu l t ip l e  AR mar k er s  in  on e  or  tw o  

d imen s io n s,  an d  th e  o the r  i s  t o  dy n amic a l ly  arr ang e mu l t ip l e  d i so r de r ed  AR 

mark er s  thr ou gh g e s tu r e s.   I  h av e de s ign ed  a se r i e s o f  ge s tu re s  t o  man i pu la t e  

v i r tu a l  mark er s .  T h e u se r  c an  c re ate  a pr og r am by  arr ang ing  mu l t ip l e  AR  

mark er s  in  a spe c i f ic  or der  or  dy n amic a l ly  l in k  mu l t ip l e  AR m ar k er s  thr ou g h 

ge s tur e s .  T he  r e su l t  i s  d i sp laye d  on  th e  AR mark er  an d  c an  be  c on f i r me d  by  th e  

su pe r impo se d  in f o r mat i on  on  the  AR mark er .  I  h av e  c o nduc te d  a  p i l o t  s tu dy  in  

wh ic h  e xpe r ime n ter s  cr e ate d  a s imp le  pr og r am w i th  mu l t ip l e  AR mark er s  t o  

ve r i f y  the  e f f ec t i ve n e ss o f  v i r t u a l  mark er s .  Th e p i l o t  s tu dy  sh ow e d th at the  
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ex per imen te r s  qu i ck ly  adapte d  to  g e s tur e  o per at i o n s  an d  smoo th ly  c o n tr o l l e d  

v i r tu a l  mar k er s .  I  h av e a l so  pr ov ide d  a f r ame w or k to  i l lu s t r a te  h ow to  u se  

v i r tu a l  mar ke r s  t o  imp le me n t  a  g ami f i e d  po in t  sy s te m base d  o n  AR an d  mo b i l e  

dev ic e s .  F i r s t ,  a  v ir tu a l  po in t  c ar d i s  c r e ate d u s ing  th e  v ir tu a l  mar k er  t ec hn iqu e  

f or  th e  c o nv en t i o n a l  ph y s ic a l  po in t  c ar d th at d i sp l ay s AR c on te n t .  In  add i t i o n ,  

the  o per at i o n s  o f  v i r tu a l  pe ts ,  v a lue  po in ts ,  an d v ir tu a l  fo o ds  on  th e  po in t  c ar d  

are  c on tr o l l e d by  fu nc t i o n  mark e r s and  ac t i o n  mark e r s,  w h ic h  ar e  pr og r ams  

cr e ate d by  mu l t ip l e  AR mar k er s .  I t  w as  sho wn  th at  by  u s ing  th i s f r amew or k,  

soc ia l  in ter ac t i on s  su ch  as  " c o mpe t i t i o n "  and  " c oo pe r at i on "  o f  mu l t ip l e  u se r s  c a n  

be  r e a l i ze d in  the  p o in t  sy s te m imp le me n te d  on  mo b i l e  de v ic e s .  

Ch apte r  5 co nc lu de d th i s d i sse r ta t i o n  and de scr ibe d ou r  fu tur e  w or k .  T h e  

fu tur e  e -c o mmer ce  en v ir o nme n t  w i l l  n o  l ong e r  be  l imi te d  to  t r ad i t i on a l  w e b  

bro w s in g  mode  an d  mo u se -k ey bo ar d  in ter ac t i on .  3D  av atar s  an d  n e w  in ter ac t iv e  

t ec hn iqu e s  c an  be  po te n t ia l l y  v a lu ab le  t o  p r o mo te  the  dev e lo pme n t  o f  e -c o mmer c e .  

In  add i t i on ,  so c ia l  e le me n ts  c an  be  in t ro du c ed  in to  the  n ew  sh opp ing  e nv i ro n men t  

t o  p r ov ide  a  mor e  eng ag in g  sh o pp ing  ex per i en c e .  O ur  r e se ar ch  in t r o du ce d  soc ia l  

e l e me n ts  an d  3D  av atar s  in to  th e  po in t  sy s te m to  bu i ld  a  g ami f ie d  AR f r ame w or k.  

Th e v ir tu a l  mar ke r  t e chn iqu e w as pr o po se d  to  ex pand  th e  in te r ac t iv i ty  an d  

sc a lab i l i ty  o f  th e  AR fr amew o rk .  F u tur e  i s su e s  in c lu de cu sto mizat i o n  o f  3D 

av atar s ,  d iv e r s i f ic a t i o n  o f  miss i o n s,  l on g - te r m o pe r at i on  e v a lu at i o n  o f  th e  

pr o po se d po in t  sy s te m,  an d  fur th er  enh anc e me n t  o f  v i r tu a l  mar k er s .  


