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A  ca se  s t udy  o f  a  s t a r t - up  comp a n y  w a s  p e r f o r m e d .  T h e  s t u d y  
a n a l y s e d  t h e  N e w  P r o d u c t  D e v e l o p me n t  P r o c e s s  a t  t h e  s t a r t - u p .  
 
The  s t a r t - up  unde r  i nves t i ga t i on  wa s  Zy ray  Wi re l e s s ,  a  s t a r t - up  i n  
S a n  D i e g o  C a l i f o r n i a .  Z y r a y  ma k e s  p roce s so r s  f o r  t he  nex t  gene ra t i on  
o f  mo b i l e  p h o n e s .   
 
T h e  r e s e a r c h  d o n e  w i t h  t h e  p a r t i c u l ar  s t a r t - up  c o m p a n y  w i l l  i d e n t i f y  
what  t h e  d i f f e r e nc e s  a r e  b e t w e e n  g e n e r a l l y  a c c e p t e d  b e s t  p ra c t i s e  
m e t h o d s  a n d  t h e  b e s t  p r a c t i s e  m e t h o d s  i m p l e m e n t e d  b y  a  p a r t i c u l a r  
s t a r t - u p  company .  
 
T h e  s tudy  w i l l  t he r e fo r e  a i m  t o  a n s w e r  t h e  fo l l o w i n g  q u e s t i o n s .  
 
H o w  d o e s  t h e  p r o d u c t  d e v e l o p me n t  p r oc e s s  c ha n g e  o v e r  t h e  l i f e  c y c l e  
o f  t h e  c o m p a n y ?  
 
H o w d o  t h e  b e s t  p r a c t i s e  p r o c e s s e s  i mp l e me n t e d  i n  t h e  i n d u s t r y  
d i f f e r  f r o m t h o s e  i m p l e me n t e d  d u r i ng  t h e  l i f e  c y c l e  o f  t h e  c o mp a n y  
u n d e r  i n v e s t i g a t i o n .   
 
Why  d o e s  t h e  c om p a n y  i m p l e me n t  b e s t  p r a c t i s e  p r o c e s s e s  a t  a  
s p e c i f i c  t i me  i n  i t s  l i f e  c y c le  a n d  n o t  d u r i n g  o t h e r  t i me s ?  
 
W h a t  p e r c e n t a g e  o f  b e s t  p r a c t i s e  p r o c e ss e s  a r e  a c c e p t e d  a n d  
i mp l e me n t e d  b y  t h e  c o mpa n y ,  w h y  w e r e  t h e y  c h o s e n  a n d  w h y  w e r e  
o t h e r s  n o t .    
 
M u l t i p l e  t y p e s  o f  e v i d e n c e  w e r e  u s ed  i n c l u d i n g  p a r t i c i p a n t  
o b s e r v a t i o n s ,  d o c u me n t a t i o n  a n d  s u r v e y s .  T h e  s u r v e y  t a k e n  a t  Z y r a y  
w a s  c o mp a r e d  w i t h  t h e  i n d us t r y  a v e ra g e s .  R e su l t s  w e r e  a l s o  o b t a i n e d  
a t  t h r e e  d i f f e r e n t  p o i n t s  i n  t i me  (Concep t /Seed ,  P roduc t  Deve lopmen t  
a n d  M a r k e t  p h a s e s ) .  
 
B y  c o mp a r i n g  t h e s e  r e s u l t s  w i t h  t he  i ndus t ry  r e su l t s  i t  was  pos s ib l e  
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t o  g a u g e  t h e  d i f f e r e n c e s  b e t w e e n  t h e  i n d u s t r y  a n d  Z y r a y  Wi r e l e s s  i n  
g e n e r a l .   
 
Z y r a y  Wi r e l e s s  s c o r e d  a b ov e  t h e  i nd u s t r y  a ve r a g e  i n  t h e  f o l l ow i n g  
c a t e g or i e s :  c o n t i nu o u s  q u a l i t y  i mp r o v e me n t ,  p r o d u c t  s u c c e s s ,  p r o j e c t  
s u c c e s s ,  c y c l e  t i me  i mp r o v e me n t ,  c u s t o me r  i n v o l v e me n t  q u e s t i o n s ,  
p ro j ec t  s e l ec t i on ,  p roduc t  s t r a t egy  ques t i ons ,  t e chno log i ca l  
l e a d e r s h i p  a n d  p r o d u c t  g o a l  q u e s t i o n s .   
 
T h e  b e s t  p r a c t i s e s  f o r  me t r i c s ,  h u ma n  r e s o u r c e  d e v e l o p me n t ,  
documen t a t i on  and  change  con t ro l  imp leme n t ed  by  Zy ray  Wi re l e s s  
s co red  a t  o r  be low  t h e  i n d u s t r y  a v e r a g e .  
 
T h e  b e s t  p r a c t i s e  r e s u l t s  s h o w e d  t ha t  t h e  s t a r t - u p  f o c u s e d  m o r e  o n  
s t ra t egy  and  eng ineer ing  and  l e s s  on  p roces s  con t ro l .  
 
T h e  s t u d y  r e v e a l e d  t h e  f o l l o w i n g  i m p o r t a n t  po i n t s :  
 

1 .  I n  t h e  i n i t i a l  p h a se s  t h e  s t a r t - u p ’ s  cu s t o me r s  w e r e  t h e  v e n t u r e  
funds .  

2 .  T h e  p r o j e c t  s e l e c t i o n  p r o c e s s  was  i n fo rma l  bu t  d r i ven  by  
e c o n o mi c  c r i t e r i a .  

3 .  T h e  c o m p a n y  d i s c o v e r e d  t h a t  i t  h a d  t o  c h o o s e  a  p r o d u c t  
s t r a t e g y  e a r l y  o n  a n d  t h e n  d e v e l o p  t h e  p r od u c t  a cco r d i n g  t o  
t h i s  s t r a t egy .  

4 .  M a r k e t i ng  c r e a t e d  t h e  de s i g n  c o n c e p t  b u t  i t  a l s o  i n f l u e n c e d  t he  
f u t u r e  o f  t h e  c o m p a n y  b e c a u s e  i t  d i c t a t e d  t h e  c o m p a n y ’ s  
p r o d u c t  s t r a t e g y .  

5 .  The  company  fo l l owed  a  t e chno logy  fo l l ower  s t r a t egy .  The  
t e c h n o l o g i c a l  c o m p e t e n c y  w a s  o f  such  a  h igh  s t anda rd  t ha t  a  
p r o d u c t  w a s  d e v e l o p e d  a f t e r  ve ry  f ew  i t e r a t i ons .  

6 .  T h e  s t a r t - u p  s h o w e d  t h a t  i n t e r n a l  doc u me n t a t i o n  w a s  l i mi t e d  
b u t  t h a t  e x t e r n a l  d o c u me n t a t i o n  t o  c l i e n t s  an d  ma n u f a c t u re r s  
h a d  t o  b e  o f  a  h i g h  s t a n d a r d .  

7 .  T h e  c o m p a n y  s h owe d  t h a t  c h a n g e  c o n t r o l  w a s  l i mi t e d  t o  t h e  
eng inee r ing  func t i on .  

8 .  T h e  s t a r t - u p  s h o we d  t h a t  o v e r - ach i ev ing  on  goa l s  s e t  by  i t s e l f  
a n d  i n v e s t o r s  w a s  o f  c r i t i c a l  i mp o r t a n c e .  

9 .  T h e  s t a r t - u p  s h owe d  t h a t  p r oces s  con t ro l  was  kep t  t o  a  
mi n i mu m  a n d  t h a t  i t  c o u l d  r e a c t  v e r y  q u i c k l y  t o  c h a n g i n g  
s i t u a t i o n s .  

10 .  T h e  s t a r t - u p  s h o w e d  t h a t  t h e  e s t a b l i s h me n t  o f  a  s t r o n g  
t e a m i s  o f  c r i t i c a l  i mp o r t a n c e  t o  t h e  s u c c e s s  o f  t h e  c o m p a n y .  
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1.  New Product  Development  Processes  in  Start-up 
Companies .  

 
T h e  e v o l v e me n t  o f  t h e  c o m p a n y ’ s  N e w  P r o d u c t  D e v e l o p me n t  ( N P D )  
p r o c e s s  w i l l  b e  i n v e s t i ga t e d .  N P D  p r o c e s s es  h a v e  c ha n g e d  o ve r  t he  
l a s t  f e w  d e c a d e s  a s  e n g i n e e r i n g  p r o j e c t s  h a v e  b e c o me  m o r e  c o m p l e x ,  
r e q u i r i n g  mo r e  i n v o l v e me n t  f r o m a l l  t he  d i s c ip l i ne s  w i th in  a  
c o mp a n y .   
 
T h e  u n i t  o f  a n a l y s i s  f or  t h e  c a se  s t u d y  wi l l  b e  t h e  p ro d u c t  
d e v e l o p m e n t  p r o c e s s  f o l l o wed  in  a  s tar t -up  company .  
  
M o s t  N P D  t h e o r y  c o n c e n t r a t e s  o n  c o mpa n i e s  i n  t he i r  s t e a d y - s t a t e  o r  
ma r k e t  p h a s e s .  I n  c u r r e n t  N P D  t h e o r y  ‘ b e s t  p r a c t i s e s ’  f o r  N P D  a r e  
d e f i n e d .  H o w e v e r ,  t h e s e  b e s t  p r a c t i s e s  mi g h t  n o t  a l l  b e  a p p l i c a b l e  t o  
t h e  s t a r t - u p  c o mp a n y .  H o w  t h e  d e ve lopmen t  p roce s s  changed  and  
e v o l v e d  w i l l  b e  i nv e s t i ga t ed .  
 
T h e  d i f f e r e n t  l i f e  c y c l e  p h a s e s  (Be l l  1991 :251 )  a r e  de f i ned  a s ;  
C o n c e p t ,  S e e d ,  P r o d u c t  D e v e l o p me n t ,  M a r k e t  D e v e l o p m e n t  a n d  
S t e a d y  S t a t e .  
 
B e s t  p r a c t i s e s  ( D o o l e y  2 0 0 2 : 2 0 )  c a n  b e  d i v i d e d  i n t o  t h e  f o l l o w i n g  
c a t e g o r i e s :  c u s t o me r  i n v o l v e me n t ,  p r o j e c t  s e l e c t i o n ,  p r o d u c t  s t r a t e g y ,  
c o n c e p t  d e s i g n ,  t e c h n o l o g i c a l  l e a de r s h i p ,  d o c u me n t a t i o n ,  c h a n g e  
c o n t r o l ,  p r o d u c t  g o a l ,  me t r i c s ,  p r o c e s s  c o n t r o l  a n d  h u ma n  r e s o u r c e  
d e v e l o p m e n t .   
 
T h e  d i s s e r t a t i o n  wi l l  t h e re f o r e  p res e n t  a  c as e  s t u d y  t h a t  wi l l  a i m 
t o  d e t e r m i n e  t h e  d e g r e e  o f  a d o p t i o n  o f  p r o d u c t  d e v e l o p m e nt  b e s t  
p r a c t i s e  i t e m s  o v e r  t h e  l i f e  c y c l e  o f  t h e  s t a r t - u p  c o m p a n y .  
  
T h i s  c h ap t e r  w i l l  g i v e  c o n t e x t  t o  t he  d i f f e r e n t  f a c t o r s  t h a t  i n f lu e n ce  
t h e  p r o c e s s  o f  s t a r t i n g  a  h ig h - t e c h n o l o g y  c o mp a n y .  F i r s t ,  
e n t r e p r e ne u r s h i p  w i l l  b e  d e s c r i be d  a n d  d e f i n e d .  N e x t ,  t h e  s o u r c e s  o f  
c a p i t a l  fo r  n e w  v e n t u r e s  w i l l  b e  d e s c r ib e d .  T h i s  w i l l  h e l p  t o  p u t  s ome  
k e y  i s s u e s  o f  i mp o r t a n c e  t o  s t a r t -up  c o mp a n i e s  i n t o  c o n t e x t .  N e x t  a  
more  de t a i l ed  d i s cus s ion  o f  t he  d i f f e r en t  f unc t i ons  w i th in  a  bus ine s s  
w i l l  b e  p r e s e n t e d .  D i f f e r e n t  t i e r s  o f  s t r a t e g y  w i l l  b e  de f i n e d  a nd  t h e  
r a n g e  o f  t a s k s  w i t h i n  v a r i o us  b u s i n e s s  fu n c t i on s  w i l l  be  h i g h l i gh t e d .   
 
I n  t h e  s e c o n d  c h a p t e r  t h e  h i s t o r y  o f  N P D  w i l l  b e  h i g h l i g h t e d .  T h e  
p r o g r e s s  o f  N P D ,  s t a r t i ng  a f t e r  t h e  S e c o nd  Wo r l d  Wa r ,  w i l l  be  
d e t a i l e d .  S o me  o f  t h e  a r e a s  h i g h l i gh t ed  w i l l  be  t he  NPD p roces s ,  
p r o j e c t  ma n a g e me n t ,  k n o w l e d g e  ma na geme n t  and  r e sou rce  
ma n a g e m e n t  a mo n g s t  o t h e r s .  
 
T h e  t h i r d  c h a p t e r  p r e s e n t s  t h e  b e s t  p r a c t i s e  c a t e g or i e s .  I t  w i l l  g i v e  a  
m o r e  d e t a i l e d  d e s c r i p t i o n  o f  t h e  t h e o r y  b e h i n d  t h e  b e s t  p r a c t i s e  
c a t e g or i e s .   
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T h e  f o u r t h  c h a p t e r  d esc r i be s  t he  r e s ea r ch  de s ign  chosen  and  
d e s c r i b e s  h o w  t h e  d a t a  w i l l  b e  c a p t ur e d .  P a r t  o f  t h e  d e s c r i p t i o n  o f  t h e  
d a t a  c a p t u r i n g  t e c h n i q u e s  u s e d  i s  a  fu l l  d e s c r i p t i o n  o f  q u e s t i o n s  t o  b e  
p r e s e n t e d  t o  t h e  c o m p a n y  u n d e r  i n v e s t i g a t i o n .  
 
T h e  f i f t h  c h a p t e r  p r e s e n t s  t h e  d a t a  g a t h e r e d  a n d  a n  a n a l y s i s  o f  t h e  
d a t a .  T he  s i x t h  a n d  f i n a l  c h a p t e r  o u t l i n es  t h e  f i n a l  r e s u l t s  a n d  
p r e s e n t s  t h e  c o n c l u s i o n s .  
 
1 . 1 .  E n t r e p r e n e u r s h i p  d e f i n e d .  
 
I n  t he  yea r s  be tween  1970  and  1985  t he  Un i t ed  S t a t e s  c r ea t ed  40  
mi l l i o n  n e w  j o b s  (D r u c k e r  1 9 8 5 : 1 ) .  D u r i n g  t h e  s a me  t i me  f r a me  b i g  
b u s i n e s s  i n  A me r i c a  d e c l i ne d .  M a n y  o f  t h e  b i g  e mp l o y e r s — i n c l u d i n g  
t h e  o i l  i n d u s t r y  a n d  s t e e l  ma n u f a c tu r e r s—weren ’ t  g rowing  a t  a l l .  
A f t e r  t he  Second  Wor ld  War ,  t r ad i t i o n a l  e m p l o y e r s  co u l d  n o t  c r e a t e  
t he  number  o f  j obs  t he  ‘Baby  Bo o m’  g e n e r a t i o n  n e e d e d .  O n  a  
w o r l d w i d e  s c a l e  t h e  A me r i c a n  expans ion  was  un ique .  Dur ing  t he  
s a me  t i m e  p e r i o d  E u r o p e  l o s t  mi l l i o ns  o f  j o b s .  T h e  R u s s i a n  ec o no mi s t  
N o k o l a i  K o n d r a t i e f f  i s  k n o w n  f o r  deve lop ing  t he  ‘Kondra t i e f f  wave ’  
t h e o r y .  T h i s  i n c l u d e d  t h e  ‘ f i f t y -yea r  Kondra t i e f f  l ong  wave ’ .  
A c c o r d i ng  t o  t h i s  t h e o r y  a n  e c o n om y  r e a c he s  i t s  p e a k  e v e r y  f i f t y  
y e a r s  o r  s o .  D u r i n g  t h e  l a s t  t w e n t y  yea r s  o f  t he  cyc l e  t he  i ndus t ry  o f  
an  economy  i s  ve ry  p ro f i t ab l e  bu t  t he  t e chno logy  become s  s t agnan t .  
A f t e r  a  c r i s i s  e v e n t  t h e  i n d u s t r y  c a n n o t  c o n t i nue  i t s  g rowth ,  and  
consequen t l y  j obs  a r e  l o s t .  Why  do e s  i t  s e em t h a t  E u r o p e  fo l l o w e d  
t h i s  t r e n d  w h i l e  t he  U n i t e d  S t a t e s  d id  n o t ?  
 
D u r i n g  t h e  A me r i c a n  e x p a n s i o n  t h e  F o r t u n e  5 0 0  c o mp a n i e s  w e r e  
c u t t i n g  j ob s  w h i l e  mi d - s i z e d  c o mpa n i e s  ( r e v e n u e s  o f  $ 2 5  -  $ 1  b i l l i o n )  
w e r e  g r o w i n g  i n  p r o f i t s  a n d  s a l e s  a t  t h r e e  t i me s  t h e  r a t e  o f  F o r t u n e  
5 0 0  c o m p a n i e s .  T h e y  w e r e  a l s o  a d d i n g  j o b s  a t  t h r e e  t i me s  t h e  
n a t i o n a l  a v e r a g e  r a t e .  T h e se  mi d - s i z e d  c o mpa n i e s  i nc l u d e d  s e r v i c e  
b u s i n e s s e s  a s  w e l l  a s  ma n u f a c t u r in g  c o mpa n i e s  a n d  s p a n n e d  t h e  b o a r d  
f r o m l o w - t e c h n o l o g y  t o  h i g h - t e c h n ology .  Acco rd ing  t o  Pe t e r  Drucke r  
( 1 9 8 5 : 2 0 )  i n  t h e  h i g h l y  r e s p e c t e d  “ Innova t i on  and  En t r ep reneu r sh ip”  
t h e  o n l y  t h i n g  t h a t  a l l  t he se  e n t e r p r i s e s  h a v e  i n  c o m m o n  i s  t h e  n e w  
t e c h n o l o g y  o f  e n t r e p r e n e u r i a l  ma n a g e me n t .   
 
D r u c k e r  h o w e v e r  s i n g l e s  o u t  h i g h  t e c h n o l o g y  c o mpa n i e s  a s  cu lp r i t s  
w h o  d o  n o t  s u b s c r i b e  t o  t h e  “ s y s t ema t i c ,  p u r p o s e f u l  ma n a g e m e n t  o f  
e n t r e p r e n e u r s h i p ” .  H e  s e e s  h i g h  t e c h n o l o g y  c o mp a n i e s  a s  i n v e n t o r s  
r a the r  t han  i nnova to r s  and  specu l a to r s  r a the r  t han  en t r ep reneu r s .  He  
a l s o  v i e w s  ma n a g e me n t  a s  a  s y s t ema t i c  d i s c ip l i ne  deve loped  on ly  
a f t e r  t h e  S e c o n d  W o r l d  W a r .  T h e r e  i s  s t i l l  a  l o t  t o  b e  l e a r n e d ,  m o s t l y ,  
a c c o r d i n g  t o  D r u c k e r ,  a bo u t  t h e  ma n a g e m e n t  o f  t h e  k n o w l e d g e  
w o r k e r .  T h e  h i g h  t e c h n o l o g y  w o r ke r  and  bus ine s s  a r e  t he  mos t  
d i f f i c u l t  t o  ma n a g e .  I n n o v a t i o n  i n  h igh  t e chno logy  ha s  a  ve ry  sho r t  
w indow in  wh ich  i t  h a s  an  oppo r tun i t y  t o  pene t r a t e  t he  ma rke t .  Th i s  
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i s  mo s t l y  d u e  t o  h i g h  l e v e l s  o f  c o mp e t i t i o n  a n d  f a s t - c han g i n g  
t e c h n o l o g i e s .   
 
T h e  n e x t  q u e s t i o n  i s ;  w h a t  d e f i n e s  an  en t r ep reneu r?  En t r ep reneu r sh ip  
c o u l d  b e  d e f i n e d  a s  t h e  p r oc e s s  w h e r e b y  s o m e t h i n g  n e w  o r  d i f f e r e n t  
i s  c r e a t e d .  T h i s  c o u l d  l i t e r a l l y  b e  a  n e w  c us t o me r  t y p e  o r  a  n e w  
ma rke t .  I nnova t i on  i s  t he  p roce s s  u s ed  t o  exp lo i t  t he  change  and  
c r ea t e  a  new  bus ine s s .  To  i nnova t e  i mp l i e s  t h a t  y o u  d o  s o me t h i n g  i n  
a  u n i q u e  w a y  t h a t  g i v e s  y o u  a n  e d g e  i n  t h e  b u s i n e s s .  T h i s  i nc l u d es  
t h e  ma n a g e me n t  p r o c e s s .  I t  s h o u l d  h o w e v e r  b e  n o t e d  t h a t  t h e  d e b a t e  
a s  t o  t he  a c c e p t e d  d e f i n i t i on  o f  a n  e n t r e p r e n e u r  i s  c o n t i n u i n g .  
 
T h i s  d i s se r t a t i o n  w i l l  c o n ce r n  i t s e l f  w i t h  t h e  s t a r t - u p  c o mpa n y .  T h e  
s t a r t - u p  c o mp a n y  o f f e r s  e v e r y o n e  i n v o lved  a  un ique  oppo r tun i t y  t o  be  
i nnova t i ve .  The  i dea s  me n t ioned  above  w i l l  be  r ev i s i t ed  l a t e r  on  bu t  
f i r s t  t h e  c o mpa n y  m u s t  a c t ua l l y  g e t  t o  a  po in t  we re  i t  c an  s t a r t  do ing  
b u s i n e s s .  E v e n  a t  t h e  be s t  o f  t i me s  i t  i s  d i f f i c u l t  f o r  a  c o mp a n y  t o  
s u r v i v e  a n d  p r o s p e r .  T h i s  i s  e s p e c i a l l y  t r u e  f o r  c o mp a n i e s  i n v o l v e d  i n  
N e w  P r o d u c t  D e ve l o p me n t  ( N P D ) .  Be c a u s e  o f  i n c r e a s e d  l e v e l s  o f  
c o mpe t i t i o n ,  r a p i d l y  c h a n g i n g  ma r k e t s ,  h i g h e r  r a t e s  o f  t e c h n o l o g y  
change  and  sho r t e r  p roduc t  l i f e  cyc l e s  c o mp e t i t i o n  i s  f i e r c e .  T h e s e  
c h a l l e n g e s  a r e  s i g n i f i c a n t l y  a mpl i f i e d  fo r  s t a r t -u p  c o mp a n i e s .  
 
 
 
1 . 2 .  C a p i t a l  f o r  t h e  s t a r t - u p  t e c h n o l o g y  c o m p a n y .  
 
Techn i ca l  f i rms  a r e  s een  t o  go  t h rough  4  phase s  o f  ex i s t ence  (Robe r t s  
1991 :11 ) .  F i r s t  i s  t he  p r e - company  R e s e a r c h  a n d  D e v e l o p me n t  ( R & D )  
phase ,  s econd  i s  t he  s t a r t - up  phase  whe re  i n i t i a l  s eed  money  i s  
o b t a i n e d ,  t h i r d  i s  t h e  i n i t i a l  g r o wt h  p h a s e ,  a n d  l a s t l y  t h e  s u s t a i n e d  
g r o w t h  p h a s e .  
 
D u r i n g  t h e  p r e - c o mpa n y  p h a s e  t he  f o u n d e r s — w i t h o u t  a n y  s p e c i f i c  
f u n d i n g — w o r k  o n  t h e i r  i d e a .  S t u d i e s  i n t o  t h e  f e a s i b i l i t y  o f  t h e  
t e c h n o l o g y  a n d  t h e  c r e a t i o n  o f  a  p r o d u c t  a r e  c o n d u c t e d .  T h e  
b e g i n n i n g s  o f  a  b u s i n e s s  p l a n  a re  d e v e l o p e d  d u r i n g  t h i s  p h a s e .   
 
T h e  n e x t  p h a s e  i s  i n i t i a t e d  w h e n  a  c o mpa n y  i s  f o r me d  a s  a  f o r ma l  
e n t i t y .  A  c o r p o r a t e  a n d  s ome t i me s  bus ine s s  s t r a t egy  i s  dev i s ed  and  
t h e  f i r s t  me m b e r s  o f  t h e  t e a m  a r e  b r o u g h t  o n  b o a r d .  A t  t h i s  p o i n t  t h e  
f e a s i b i l i t y  o f  t h e  p r o d u c t  h a s  t o  b e  d e mo n s t r a t e d  a n d  t h e  b u s i n e s s  
p l a n  mus t  b e  f o r ma l i z e d .  B y  n o w  t h e  f o u n d e r s  h a v e  l e f t  t h e i r  
p r e v i o u s  j o b s  a n d  a r e  a c t i ve ly  i nvo lved  i n  t he  ma nageme n t  and  R& D 
p roces s  o f  t he  company  on  a  f u l l - t ime  ba s i s .  A t  t h i s  po in t  s a l a r i e s  
m u s t  b e  p a i d  t o  t e c h n i c a l  p e r sonne l  and  equ ipmen t  mu s t  be  
p u r c h a s e d .  Wh o e v e r  i s  w i l l i n g  t o  p r o v i d e  s o u r c e  c a p i t a l  m u s t  b e  
p a t i e n t  an d  w i l l i ng  t o  w a i t  b e t w e e n  f i v e  a n d  t e n  y e a r s  o n  r e t u r ns .  
 
T h e  i n i t i a l  g r o w t h  p h a s e  s t a r t s  w h e n  t h e  c o m p a n y  h a s  a  p r o d u c t  l i n e  
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a n d  s o me  s u s t a i n e d  s a l e s .  I t  n o w has  t o  improve  i t s  p roduc t s ,  and  
c o mpa n y  p r o c e s s e s  w i t h i n  t h e  v a r io u s  f u n c t i o n s  ( R & D ,  ma r k e t i n g ,  
p r o d u c t i o n  a n d  p e r s o n n e l )  a n d  t h e  ma n a g e m e n t  t e a m.  T h e  c o m p a n y  
n e e d s  c a p i t a l  t o  s u s t a i n  i t s  g r o w th .  T h e  t y p e  o f  f i n a n c i a l  b a c k e r  
c h a n g e s  i n  t h i s  p ha s e .  T h e  r i s k s  a r e  l o w e r  a nd  t h e i r  i nv e s t me n t  t e r ms  
c a n  b e  s h o r t e r .  Th e  c o mp a n y  c a n  a l so  s t a r t  l ook ing  a t  becomi ng  a  
pub l i c l y - t r aded  company .  
 
I n  t h e  s us t a i ne d  g r o w t h  p ha s e  t he  co mpa n y  h a s  mu l t i p l e  p r o d uc t  l i n e s  
and  cus tomer s  i n  va r i ous  marke t s .  I t s  r a t e  o f  g r o w t h  h a s  b e c o me  i t s  
b i g g e s t  p r o b l e m.  I t  ma y  n o t  h a v e  t h e  c a s h  f l o w  a n d  r e s o u r c e s  i t  n e e d s  
t o  e n t e r  a l l  t h e  ma r k e t s  a nd  p u r s u e  a l l  t h e  c u s t o me r s  i t  w a n t s  t o .  
B e c a u s e  i t  h a s  a s s e t s  a n d  a  g o o d  t r a c k  r e c o r d  i t  i s  muc h  e a s i e r  f o r  t h e  
company  t o  ge t  c a sh  advances  and  goo d  t e r ms  o f  c r e d i t  f r o m d i f f e r e n t  
r i s k - a v e r s e  o r g a n i s a t i o n s .   
 
D u r i n g  t h e  d i f f e r e n t  l i f e  c y c l e  p h a se s  o f  t h e  c o mp a n y  t h e  a va i l a b l e  
f i n a n c i a l  s o u r c es  c h a n ge s .  T r ad i t i o na l  v e n t u re  c a p i t a l  ( V C )  
c o mp a n i e s  a r e  v e r y  r i s k  a v e r s e .  W h a t  o t h e r  f i n a n c i a l  s o u r c e s  a r e  
ava i l ab l e  t o  s t a r t - up  compa n ie s?  Acco rd ing  t o  Robe r t s  ( 1991 :9 )  t he  
p r i me  f i n a n c i a l  s ou r c e s  f o r  s e e d  mo n e y  a r e  t h e  p e r s ona l  s a v i ngs  o f  
t he  founde r s ,  f ami ly  and  f r i ends ,  w e a l t h y  p r i v a t e  i n d i v i d u a l s ,  a n d  
p r i v a t e  f a mi l y  v e n t u r e  c a p i t a l  g r o u p s .  T h e  n e x t  mo s t  l i k e l y  
i n v e s t me n t  g r o u p  i s  t h e  t r a d i t i o na l  V C  c o r p o r a t i o n .  T h e  s o u r c e s  
me n t i o n e d  a r e  t h e  t y p e s  o f  s o u r c e s  t h a t  w ou l d  i n v e s t  i n  t he  e a r l y  
s t a g e s  o f  t h e  c o mp a n i e s ’  e x i s t e n c e .   
 
Phase  3  and  4  i nves to r s  i nc lude  VC’ s  a n d  s ma l l  b u s i n e s s  i n v e s t me n t  
c o mp a n i e s  t h a t  c o u l d  b e  g o v e r n me n t - c o n t r o l l e d  b u t  mo s t l y  n o t  
i n t e r e s t e d  i n  h i g h - t e c h n ol o g y .  T h e y  c o u l d  i n v e s t  i n  s t a r t - u p s  b u t  t h e i r  
f i n a n c i a l  r e s o u r c e s  a r e  u s u a l l y  l i mi t ed .  O t h e r  g r o u p s  o f  i n v e s t o r s  a r e :  
c o r p o r a t i o n s  t h a t  i n v e s t  i n  s p e c i f i c  t e chno log i e s ,  commerc i a l  banks ,  
a n d  p u b l i c  s t o c k  i s s u e s .  
 
T h e  p r o b l e m w i t h  t h e  f i r s t  t wo  f i n a n c i a l  s o u rc e s  t h a t  w e r e  
me n t i o n e d — p e r s o n a l  s a v i n g s  a n d  f a mi ly—are  t ha t  t hey  a r e  u sua l l y  
n o t  a b l e  t o  f r o n t  a  l o t  o f  mo n e y .  I t  m i g h t  b e  e n o u g h  t o  f u n d  t h e  v e r y  
e a r l y  s t a g e s  b u t  t h e  f u n d i n g  g a i n e d  f r o m t h e s e  s o u r c e s  u s u a l l y  d o e s  
n o t  l a s t  v e r y  l o n g .  T h e  r e s t  o f  t h e  s o u r c e s  a r e  a l l  s o u r c e s  no t  
p e r s o n a l l y  k n o w n  b y  t h e  f o u n d e r s .  A t  t h i s  p o i n t  t h e  f o u n d e r s  m u s t  
w r i t e  a  bus i n e s s  p l a n  t o  s ho w  t o  p o t e n t i a l  i nv e s t o r s .  T h e  b u s i n e s s  
p l a n  i s  w r i t t e n  t o  p r o v e  ( o r  n o t )  t ha t  t h e  f o u n d e r s  h a v e  t h o u g h t  o u t  a  
v i a b l e  s t r a t e g y  f o r  t h e  s e t u p  a n d  o p e r a t i o n  o f  t h e  c o mpa n y .  V C ’ s  o n l y  
i n v e s t  i n  a b o u t  1 %  o f  c o m p a n i e s  t h e y  r e c e i v e  b u s i n e s s  p l a n s  f r o m.  
T h e  o b v i o u s  n e x t  q u e s t i o n  i s ;  w h a t  d o  f u n d  ma n a g e r s  l o o k  f o r  i n  a  
b u s i n e s s  p l a n  t h a t  w o u l d  e n c o u r a g e  t h e m t o  i n v e s t ?  
 
D i f f e r en t  VC’s  have  d i f f e r en t  dec i s i on  c r i t e r i a .  Some  on ly  i nves t  i n  
t h e  e a r l y  s t a g e s  o f  a  s t a r t - up ,  w h i l e  m o s t  d o  n o t .  S o m e  d o  n o t  i n v e s t  
i n  t e c h n o l o g y  w h i l e  s o me  o t h e r s  exc lu s ive ly  i nves t  i n  t e chno logy -
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ba sed  s t a r t - ups .  VCs ’  do  have  one  t h ing  i n  common  howe v e r ;  t he y  a l l  
a n a l y s e  t h e  b u s i ne s s  p l a n s  p r e s e n t e d  t o  t he m f o r  d e f i c i e n c i e s  i n  
s i mi l a r  w a y s .  T h e  b u s i n e s s  p l a n  mus t  a d d r e s s  t h e  c on c e r n s  o f  t h e  
p o t e n t i a l  i n v e s t o r s  c o r r e c t l y  and  adequa t e ly .  The  bus ine s s  p lan  c a n  
b e  s u b - d i v i d e d  i n t o ;  m a r k e t i n g ,  m a n a g e m e n t ,  t e c h n o l o g y  a n d  p r o d u c t ,  
a n d  p l a n n i n g  a n d  f i n a n c e  (Ba i rd  1995 :103 ) .  
 
S u c c e s s f u l  b u s i ne s s  p l a ns  i n c l u de  a  de t a i l e d  s e c t i o n  a bo u t  t he  
pa r t i cu l a r  ma rke t  and  t he  po t en t i a l  f o r  g r o w t h  w i t h i n  t he i r  ma r k e t .  A  
b u s i n e s s  p l a n  i s  s p e c i f i c  abou t  how and  when  t he  new  p roduc t  w i l l  be  
u s e d  i n  t h e  ma r k e t .  I t  a l s o  i n c l u d es  a  d e t a i l e d  s t r a t e gy  f o r  h o w  s a l e s  
g o a l s  w i l l  b e  r e a l i z e d .  T o  h a v e  s o me o n e  o n  t h e  ma n a g e me n t  t e a m  
w i t h  ma r k e t i n g  a n d  s a l e s  e x p e r i ence  i s  a  de f i n i t e  p lu s .   
 
T h e  p r o d u c t  c o u l d  f i t  i n t o  a n  e x i s t i ng  o r  a  new  marke t ,  and  t he  
p r o d u c t  i t s e l f  c o u l d  b e  e i t h e r  n e w  o r  e x i s t i n g .  D e p e n d i n g  o n  w h i c h  
ma r k e t  c o mbi n a t i o n  c o mp a n i e s  c om p e t e  i n  t h e  ma r k e t  w i l l  b e  
d i f f e r e n t .  T h e  c o m p a n y  d o e s  n o t  w a n t  t o  c o mp e t e  a g a i n s t  e n t r e n c h e d  
p r o d u c t s  i n  a n  e x i s t i n g  ma r k e t  i t  a l so  does  no t  wan t  t o  c r ea t e  a  who le  
n e w  ma r k e t .   
 
A  n e w  p r o d u c t  i n  a  n e w  ma r k e t  i s  a l s o  k n o w n  a s  a  t e c h n o l o g y  p u s h  
ma r k e t .  T h i s  i s  a n  e x t r e me l y  d i f f i c u l t  ma r k e t  t o  b r e a k  i n t o  b e c a us e  i t  
r e q u i r e s  t h e  c o mpa n y  t o  e d uc a t e  t he  ma r k e t  a n d  c r e a t e  a  n e e d .  I n  t h i s  
t y p e  o f  m a r k e t  a  c o mp a n y  m u s t  p ro t e c t  i t s  t e c h n o l o g y  o r  p roduc t  w i th  
p a t e n t s .  I t  mi g h t  b e  t o o  e a s y  f o r  s om e o n e  e l s e  t o  e n t e r  t h e  ma r k e t  a nd  
o v e r  t a ke  t h e  c o mp a n y  a f t e r  i t  h a s  done  a l l  t h e  p ionee r ing  work .  
 
A  m a r k e t  p u l l  s t r a t egy—where  t he  ma rke t  a l r e ady  ex i s t s  bu t  t he  
c o mp a n y ’ s  p r o d u c t  d i f f e r e n t i a t e s  o n  b e i n g  a b l e  t o  d o  t h e  j o b  b e t t e r —
i s  a  mor e  d e s i r a b l e  s t r a t e g y .  T he  c o mpa n y  r e l i e s  o n  t h e  ma r k e t ’ s  
d e s i r e  fo r  a  s p e c i f i c  b e n e f i t  t o  c r ea t e  s a l e s ;  t h e  c u s t o me r s  a r e  a l r e a dy  
a v a i l a b l e  ( B a i r d  1 9 9 5 : 3 5 ) .  
 
I nves to r s  f avou r  compan ie s  w i th  mo r e  t h a n  o n e  f o u n d e r .  T h e y  a l s o  
f a v o u r  a  ma n a g e m e n t  t e a m w h e r e  a t  l e a s t  o n e  p e r s o n  i s  s l i g h t l y  o l d e r  
a n d  h a s  a  l o t  o f  ma n a g i n g  e x p e r i e nc e .  M o s t  f o u n d e r s  t e n d  t o  b e  
t e chn i ca l  l e ade r s  w i thou t  enough  bus ine s s  expe r i ence .  Compan ie s  
t h a t  h a v e  p e o p l e  w i t h  ma r k e t i n g  a nd  p roduc t i on  sk i l l s  ( i f  app l i c ab l e )  
a r e  a l s o  f a v o u r e d  ( R o b e r t s  1 9 9 1 : 1 2 ) .  
 
Acco rd ing  t o  Ba i rd  (1995 :67 )  t he  emp h a s i s  o f  t h e  b u s i n e s s  p l a n  h a s  
t o  b e  o n  t h e  ma n a g e me n t  t e a m.  T h e  r e s u mè s  o f  t h e  ma n a g e me n t  t e a m 
m u s t  b e  e a s i l y  a c c e s s i b l e  t o  t h e  i nv e s t o r  a s  t h e y  n e e d  t o  f o s t e r  
c o n f i d e n ce  i n  t he  ma n a g e m e n t  c a pa b i l i t i e s  o f  t h e  t e a m .   H o w e v e r  i f  
t h e  t e a m  i s  i n e x p e r i e n c e d  t h e  b u s i n e s s  p l a n  s h o u l d  f o c u s  o n  y o u ’ r e  
t h e  c o mp a n y ’ s  u n i q u e  t e c h n o l o g y  and  un ique  oppo r tun i t y  i n  t he  
ma r k e t .   
  
T h e  f i n a n c i a l  p l an  mu s t  i n c l u d e  f i n a n c i a l  s t a t e me n t s ;  t h i s  i nc l u d e s  
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i n c o me  s t a t e me n t s ,  b a l a nc e  s h e e t s  a nd  ca sh  f l ow  s t a t emen t s .  Ana ly s t s  
u s e  v a r i o u s  me t h o d s  t o  d e t e r mi n e  t he  f i n a n c i a l  v i a b i l i t y  o f  t h e  s t a r t -
u p .  T h e  c o m mo n  t h r e a d  w i t h  a n a l y s t s  h o w e v e r ,  i s  a  d e s i r e  t o  b e  a b l e  
t o  p r e d i c t  w h e t h e r  o r  n o t  t h e  c o m p a n y  i s  g o i n g  t o  b e  f i n a n c i a l l y  
v i a b l e ,  a n d  t o  d e t e r mi n e  t h e  c u r r e n t  f i n a n c i a l  s t a t e  o f  t h e  c o mpa n y .  
 
A c c o r d i n g  t o  B a i r d  ( 1 9 9 5 : 1 1 6 )  a na l y s t s  c o u l d  u s e  t h e  f o l l o w i n g  
a n a l y t i c a l  me t h o d s ;  ba lance  shee t  cond i t i ons ,  l i qu id i t y  ana l y s i s ,  
so l vency  ana l y s i s  and  t he  p robab i l i t y  o f  b u s i n e s s  f a i l u r e .  Eve n  
t h o u g h  t h e  c o mp a n y  p r o b a b l y  d o e s  n o t  h a v e  a n y  s a l e s ,  i n v e n t o r y  o r  
p ro f i t s  a t  t h i s  po in t ,  t h e s e  f i n a n c i a l  m e t h o d s  h av e  t o  b e  a d d r e s s e d .   
 
S o me  k e y  b a l a n c e  s h e e t  t e r ms  and  r a t i o ’ s  a r e  a ccoun t s  payab l e ,  
a c c o u n t s  r e c e i v a b l e ,  c u r r e n t  a s s e t s ,  c u r r e n t  l i a b i l i t i e s ,  n e t  s a l e s ,  t o t a l  
a s s e t s  a nd  w o r k i n g  c a p i t a l .   
 
S o me  c o m m o n  l i q u i d i t y  r a t i o s  i n c l ude  t h e  c u r r e n t  r a t i o ,  w h i c h  i s  a  
c o mp a n y ’ s  c u r r e n t  a s s e t s  d i v i d e d  by  i t s  c u r r e n t  l i a b i l i t i e s .  I f  t h i s  
r a t i o  i s  t o o  s ma l l  a  c o mp a n y  mi g h t  no t  be  ab l e  t o  pay  i t s  b i l l s .  
A n o t h e r  r a t i o  i s  c a s h  a n d  a c c o u n t s  r e ce ivab l e  added  t oge the r  and  
d i v i d e d  b y  c u r r e n t  l i a b i l i t i e s .  T h e  t u rn - o v e r  r a t i o  i s  t h e  r a t i o  o f  s a l e s  
d i v i d e d  b y  w o r k i n g  c a p i t a l .  T h i s  r a t i o  i nd i ca t e s  whe the r  o r  no t  t he r e  
a r e  s u f f i c i e n t  f u n d s  t o  f u n d  s a l e s .  
 
T h e r e  a r e  a l s o  s o me  a v a i l a b l e  me t h o d s  f o r  p r e d i c t i ng  t h e  l i k e l i h o o d  
o f  f a i l u r e  fo r  t h e  c o mpa n y .  O n e  s u c h  me t h o d  i s  A l t ma n s  Z - S c o r e  
me t h o d  (  B a i r d  1 9 9 5 : 5 5 ) .  I n  t h e  USA  a u d i t o r s  a r e  o b l i g e d  t o  r e p o r t  
t h e  f a c t  t h a t  a  b u s i n e s s  h a s  a  h igh  p robab i l i t y  o f  f a i l u r e .  
 
The  bus ine s s  p l an  shou ld  a l so  i nc lude  a  t i me - l i n e  o f  t h e  p r o d u c t  p l a n .  
T h e  c o m p a n y  mu s t  s h o w  mi l e s t o n e s  f o r  t h e  d e v e l o p me n t  e f f o r t  a s  
w e l l  a s  t h e  ma n u f a c t u r i n g  p r o c e s s  ( i f  app l i c ab l e ) .  By  hav ing  
me a s u r a b l e  mi l e s t o n e s  s p e c i f i e d  t h e  i n v e s t o r  w i l l  b e  ab l e  t o  j u dg e  t h e  
p r o g r e s s  o f  t h e  p r o d u c t  mo r e  e a s i l y .  I t  w i l l  a l s o  a l l o w  t h e  i n v e s t o r s  
t o  f e e l  m o r e  c o m f o r t a b l e  w i t h  t h e  capab i l i t i e s  o f  t he  company  when  
t h e s e  mi l e s t o ne s  a r e  me t .  B y  p l a n n i n g  t he  d e v e l op me n t  p r o c e s s  
t h o r o u g h l y  i t  w i l l  b e  e a s i e r  t o  p r e d i c t  wha t  t ype  o f  c a sh  f l ow  needs  a  
c o mp a n y  h a s .  
 
F ina l l y ,  t he  bus ine s s  p l an  shou ld  show t h a t  t h e  t e c h n o l o g y  o r  p r o c e s s  
i s  un ique  i n  some  way .  (Cos t  d i f f e r en t i a t i on  i s  no t  cons ide r ed  t o  be  a  
g o o d  e n o u g h  c r i t e r i o n  a s  i t  i s  t o o  e a s y  t o  ma n i p u l a t e  d a t a . )  T h e  p l a n  
m u s t  i n d i c a t e  w h o  t h e  c o mpe t i t o r s  a r e  a n d  h ow  t h i s  s o l u t i o n  i s  b e t t e r  
t h a n  w h a t  t h e y  hav e  t o  o f f e r .  I t  s h ou l d  a l s o  i n d i c a t e  t o  w h a t  ex t e n d  
t h e  ma r k e t  i s  p r o t e c t e d  t o  e n t r y  a nd  w h e t h e r  t h e  c om p a n y  h a s  a n y  
p a t e n t s  t h a t  w i l l  ke e p  c o mp e t i t o r s  f r o m e n t e r i n g  t h e  m a r k e t .  T he  p l a n  
mus t  i nd i ca t e  how f a r  t he  p roduc t  ha s  been  deve loped ,  and  i f  t he  
p r o d u c t  i s  n o t  y e t  a v a i l a b l e ,  h o w  muc h  d e v e l o p me n t  i s  s t i l l  
n e c e s s a r y .   
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I t  i s  e v i d e n t  t h a t  V C s  w a n t  t o  s ee  p roduc t  s a l e s  be fo re  i nves t i ng  
m o n e y  i n t o  a n y  c o r p o r a t i on .  T h e  d i l e m ma  t he  c o r p o r a t i o n  f a c e s  i s  
t h a t  i n  m a n y  c a s e s  i t  c anno t  p roduce  a  p roduc t  w i t h o u t  s o me  f i n a n c i a l  
i nves tme n t .  I n  t he  f i r s t  and  s econd  phase s  de sc r i bed  above ,  
compan ie s  do  no t  have  a  l o t  o f  r e sou rce s .  No t  many  VCs  a r e  
i n t e r e s t ed  i n  fu n d i n g  t he  co mpa n y  i n  t h e se  s t a g e s  a s  t h e y  h a ve  n o t  
p r o v e n  t h e ms e l v e s  a n d  a r e  c o n s i de r ed  a  h igh– r i sk  i nves tme n t .   
 
The  company  ha s  t o  p roduce  a  qua l i t y  p roduc t  and  subsequen t  
s u s t a i ne d  s a l e s  t o  b e  c o n s i d e r e d  v i ab l e  b y  mor e  p o t e n t i a l  i n ve s t o r s .  
E v e n  a t  t h i s  l a t e r  s t a g e  c o m p a n i e s  m u s t  b e  a b l e  t o  m o v e  f a s t  a nd  
p r o d u c e  p r o d u c t s  fo r  d i f f e r e n t  ma r k e t  s e g me n t s .  
 
 
1 .3 .  S t r u c t u r e  o f  t h e  s t a r t - u p  c o m p a n y .  
 
A  s t a r t - u p  d o e s  n o t  h a v e  a l l  t h e  b u r e a u c r a t i c  t r a p p i n g s  o f  l a r g e r  
c o mp a n i e s .  I t  d o e s  h o w e v e r  n e e d  t o  h a v e  t h e  mi n i mu m r e s o u r c e s  t o  
p e r f o r m t h e  n e c e s sa r y  t a s k s  p r e v i o u s l y  p r e s e n t e d .  A  s t a r t - u p  n e e d s  t o  
h a v e  a  C E O  ( c h i e f  e x e c u t i v e  o f f i c e r ) ,  C T O  ( c h i e f  t e c h n i c a l  o f f i c e r )  
and  pos s ib ly  a  v i ce  P r e s iden t  o f  ma r k e t i n g .  T h e  c o m p a n y  d o e s  n o t  
n e c e s s a r i l y  h a v e  t o  h a v e  t he s e  p o s i t i o n s  b u t  w i l l  ha v e  t o  p e r fo rm t h e  
fu n c t i o n s  o f  t h e s e  p o s i t i o ns .  I n  F i g u r e  1  t h e  p o s s i b l e  p o s i t i o ns  i n  a  
s t a r t - u p  a n d  t h e  p o s s i b l e  r e spons ib i l i t i e s  o f  t he  va r i ous  func t i ons  a r e  
o u t l i ne d .  
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CEO/
Founders

- Funding
- Business Plan
- Finance
- Vision/Corporate Strategy
- Alliances/Joint Ventures
- Product Mix/Product 
Choices
- Team Management & hiring

CTO

- Product Mix/Project Choices
- NPD process define
- Development Team Structure
- Resource Commitment
- Technology Research
- Priorities
- Define Information System
- Supplier/Manufacturer 
Interaction
- Team hiring

Engineering Team

- NPD Process Execute
- Product Requirements
- Project Measurement & 
Control
- Project Execution
- Process Technology
- Information System use
- Manage Engineering 
people

Marketing VP and 
team

- Marketing Research
- Customer Interaction
- Partner Interaction
- Funding

 

Figure 1: Company Structure 

 
 
T h e r e  a r e  s e v e r a l  d i me n s i o n s  n ece s sa ry  fo r  succe s s  i n  a  new  
c o mp a n y .  O n e  o f  t h e s e  d i me n s i o n s  i s  t he  ma nage men t  t e am (Ba i rd  
1 9 9 5 : 6 7 ) .  V e n t u r e  c a p i t a l  i n v e s t o r s  p r e f e r  t o  i n v e s t  i n  c o mpa n i e s  t h a t  
h a v e  ma n a g e me n t  t e a ms  w i t h  a  good  t r a ck - r eco rd .  Of t en  t he  company  
i s  f ounded  by  a  t e chn i ca l  pe r son ,  t h i s  p e r s o n  h o w e v e r  h a s  t o  
c r i t i c a l l y  e v a l u a t e  h i mse l f  and  dec ide  whe the r  o r  no t  he  ha s  a l l  t h e  
q u a l i t i e s  a n d  e x p e r i e n c e  n e e d e d  t o  be  a  CEO.  The  founde r s  a l l  h ave  
t o  r e a l i s e  t h e i r  l i mi t a t i o n s  a n d  g e t  e x p e r i e n c e d  o u t s i d e  h e l p  w h e n  
n e c e s s a r y .  N o t  o n l y  w i l l  t h i s  h e l p  w i t h  t h e  o p e r a t i o ns  a s p e c t  o f  a  
c o mpa n y  b u t  w i l l  h a v e  t h e  a d d e d  a d v a n t a g e  o f  i n v e s t o r s  l o o k i n g  a t  
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t h e  c o mp a n y  mor e  f a v o u r a b l y .   
 
S e l e c t i n g  t h e  c o r r e c t  i n d i v i d u a l s  fo r  t h e  s t a r t - u p  i s  e x t r eme l y  
i mp o r t a n t  a s  o n e  mi s t a k e  c o u l d  me a n  t h e  f a i l u r e  o f  t h e  c o m p a ny  
( B a i r d  1 9 9 5 : 6 7 ) .  Pe o p l e  h a v e  t o  b e  i n t e r v i e w e d  t h o r o u g h l y  a n d  t h e i r  
b a c k g r o u n d s  n e e d  t o  b e  c h e c k e d .  Ea c h  p e r s on  h a s  t o  f i t  i n  w i t h  t h e  
o t h e r  t e a m  me m b e r s  a n d  h a v e  t h e  c or r e c t  a t t i t u d e  t o w a rds  t h e  s t a r t - u p  
c o mpa n y .  T h e  ma n a g e me n t  t e a m a l s o  ha s  t o  be  chosen  i n  s u c h  a  w a y  
a s  t o  a vo i d  p e r s ona l i t y  c l a s h e s  ( Ba i r d  1 9 9 5 : 7 2 ) .  T h e  t e a m c a n  b e  
v i e w e d  a s  a  ma r r i a g e  o f  s o r t s  w h e re  i n - f i g h t i n g  d u e  t o  a  c l a s h  o f  
p e r s o n a l i t i e s  w i l l  d e s t r o y  t h e  c o mp a n y .  
G e n e r a l l y  p e o p l e  i n  s t a r t - u p  c o mp a n i e s  s h o u l d  s h a r e  t h e  fo l l ow i n g  
t r a i t s ;  t he  a b i l i t y  t o  t h r i v e  o n  r i s k ,  be  i ncu rab ly  op t i m i s t i c  a n d  h a v e  
d o g g e d  p e r s i s t e n c e .  
 
T h e  n e x t  i mp o r t a n t  d i me n s i o n  o f  t h e  ma n a g e m e n t  t e a m i s  t h e  b o a r d  o f  
d i r e c t o r s .  T h e  b o a r d  i s  e l e c t e d  b y  t h e  s h a r e ho l d e r s  o f  t h e  c o mpa n y ;  
t h i s  i n c l u d e s  t h e  f o u n d e r s  a n d  t h e  i nves tme n t  pa r t ne r s .  Some  o f  t he  
f u n c t i o n s  o f  t h e  b o a r d  a r e ;  a p p o i n t i ng  s en io r  ma nageme n t ,  de c l a r i ng  
d i v i d e n d s ,  i s s u i n g  a d d i t i o na l  s h a r e s ,  r e v i ewi n g  f i n a n c ia l  
p e r f o r ma n c e ,  r e v i e w i n g  m a r k e t ing  p l ans  and  r ev i ewing  any  o the r  
ma j o r  d e c i s i o n s  a f f e c t i n g  t h e  c ompany .  The  boa rd  ha s  t o  b r i ng  
expe r i ence  and  sound  j udgmen t  t o  t he  t ab l e .  
 
S t r a t e g y  m u s t  b e  d e f i n e d  w i t h i n  a  s p e c i f i c  c o n t e x t .  T h e  c o mp a n y  h a s  
t h r e e  t i e r s  o f  s t r a t e g y ;  c o r p o r a t e  s t r a t e g y ,  wh i c h  d e f i n e s  i n  w h i c h  
b u s i n e s s es  a n d  ma r k e t s  t h e  c o mpa n y  c om p e t e s ,  c o mpe t i t i v e  o r  
bus ine s s  s t r a t egy ,  wh ich  de f i ne s  h o w  t h e  c o mp a n y  w i l l  c o mp e t e  
(Po r t e r  1986 :36 ) ,  and  f i na l l y  a  f unc t i ona l  s t r a t egy  wh ich  de f i ne s  t he  
s p e c i f i c  p r o c e s s e s  a  f u n c t i o n a l  g r o u p  ( ma r k e t i n g ,  h u ma n  r e s o u r c e s ,  
p r o d u c t  de v e l o p me n t  e t c . )  w i l l  pe r f o r m .   
 
 
 
1 .3 .1 .  C o r p o r a t e  s t r a t e gy  
 
C o r p o r a t e  s t r a t e g y  d e f i n e s  w h a t  t h e  g r o w t h ,  s i z e  a nd  p r o f i t ab i l i t y  
g o a l s  o f  t h e  c o mp a n y  a r e .  A s  s t a t e d  b e f o r e  t h e  c o mpa n y  d e f i n e s  i n  
w h i c h  m a r k e t s ,  bu s i n e s s e s  a n d  g e o g r a p h i c a l  a r e a s  t h e  c o mpa n y  
c o mpe t e s .  T h e s e  f a c t o r s  a r e  d r i ve n  by  t he  bus ine s s  and  t e chno logy  
k n o w l e d g e  w i t h i n  t h e  c o mp a n y .  T h e  c o r p o r a t e  s t r a t e g y  i s  l i n k e d  t o  
t h e  v i s i o n s  a n d  g o a l s  o f  t h e  o w n e r s  o f  t h e  c o m p a n y .  I t  i s  i mp o r t a n t  a t  
t h i s  p o i n t  t o  iden t i fy  d i s rupt ive  t echno log i e s  t h a t  w i l l  ma k e  t h e  
co rpo ra t e  s t r a t egy  and  p roduc t s  o f  t h e  c o mp a n y  i r r e l e v a n t .  D i s r u p t i v e  
a n d  s u s t a i n i n g  t e c h n o l o g i e s  a r e  t r e a t e d  i n  mo r e  d e t a i l  i n  c h a p t e r  2 .  
 
T h e  N P D  d o e s  n o t  t a k e  p l a c e  i n  a  v o i d .  I t  t a k e s  p l a c e  w i t h i n  a  
s p e c i f i c  c o mpa n y  s t r u c t u r e ;  i n  t h i s  c a s e  a  s t a r t - u p  c o m p a n y .  P e o p l e  
a n d  n o t  ma c h i n e s  p e r f o r m  N P D ;  t he  c o r r e c t  c l i ma t e  h a s  t o  e x i s t  f o r  
t h e  k n o wl e d g e  w o r k e r  t o  p e r f o r m.  I n  ‘ M a n a g i n g  I n n o v a t i o n ’ ,  T i d d  
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Besan t  and  Pav i t t  ( 1997 :305 )  sugges t  s p e c i f i c  p e r f o r ma n c e  s t r a t e g i e s  
t ha t  he lp  t o  bu i l d  t he  i nnova t i ve  o rgan i s a t i on .  These  dec i s i ons  
i n f l uence  how the  peop l e  i n s ide  t h e  c o mpa n y  p e r c e i ve  t h e  
o r g a n i s a t i o n .  
 
The  me mber s  o f  t he  o rgan i s a t i on  have  t o  have  a  sha r ed  v i s i on ,  be  
a b l e  t o  s ho w  l e a d e r s h i p  a n d  b e  w i l l i n g  t o  i n n o v a t e .   
 
The  o rgan i s a t i on  ha s  t o  choose  t he  c o r r e c t  s t r u c t u r e  f o r  t h e  c om p a n y  
a s  a  w h o l e .  T h e  c o mpa n y  h a s  t o  f i n d  b a l a n c e  b e t w e e n  a n  o r g a n i c  
s t r u c t u r e  t h a t  e a s i l y  c h a n g e s  a n d  d o es  no t  have  a  l o t  o f  con t ro l , .  and  
a  me c h a n i s t i c  s t r uc t u r e  w h e r e  r i g i d  r u l e s  a r e  f o l l o w e d .  
 
T h e  o r g a n i s a t i o n  h a s  t o  e n a b l e  t he  r i g h t  p e o p l e  b y  g i v i n g  t h e m  
au tho r i t y  t o  pe r fo rm and  ach i eve  t he  goa l s  o f  t he  o rgan i s a t i on .  
Peop l e  have  t o  be  genu ine ly  r ewarde d  w h e n  t h e y  p e r f o r m w e l l .  T h e  
o r g a n i s a t i o n  h a s  t o  b e  c o m mi t t e d  t o  e d u c a t i o n  a n d  t r a i n i n g .  
 
T h e  c o r r e c t  t e a m s t r u c t u r e  h a s  t o  b e  d e f i n e d  s o  t h a t  t he  c o mpa n y  c a n  
c o m m u n i c a t e  e f f e c t i v e l y .  T h i s  i s  a d dr e s s e d  i n  m o r e  d e t a i l  l a t e r .   
 
T h e  o r g a n i s a t i o n  h a s  t o  h a v e  t h e  r i g h t  s t r u c t u r e  i n  p l a c e  i n  o r d e r  t o  
b e  a  ‘ l e a r n i n g  o r g a n i s a t i o n ’ .  T h e  c o m p a n y  s h o u l d  l e a r n  f r o m e v e r y  
p h a s e  o f  d e v e l o p m e n t .  T h i s  i n c l u d es  b o t h  t e c hn i c a l  a s  w e l l  a s  p r o c e s s  
l e a r n i n g .  
 
T h e  o r g a n i s a t i o n  h a s  t o  f o c u s  o n  t h e  n e e d s  o f  t h e  c l i e n t  a n d  e n s u r e  
t h a t  t h e  c o r r e c t  s t r u c t u r e s  a r e  i n  p l a c e  t o  b r i n g  t h e  be s t  p r o d uc t s  t o  
f r u i t i o n .  
 
T h e  C E O  a n d  C T O  h a n d l e  t h e s e  d e c i s io n s  w i t h  i n p u t  f r o m ma r k e t i n g  
and  eng inee r i ng .  These  dec i s i ons  a r e  p r e sen t ed  t o  pos s ib l e  i nves to r s  
i n  t he  bus ine s s  p l an  o f  t he  company .  I nves to r s  w i l l  ma ke  dec i s i ons  
ba sed  on  a  s ens ib l e  co rpo ra t e  s t r a t egy .   
 
1 .3 .2 .  C o m p e t i t i v e  S t r a t e g y  
 
O n  t h e  l ev e l  o f  c o m p e t i t i ve  s t r a t e g y ,  ma r k e t i ng  h a s  a  m a j o r  i n f l ue n c e  
i n  d e c i s i o n - ma k i n g  o n  t h i s  l e v e l .  I t  i s  o f  t h e  u t mos t  i m p o r t a n ce  t h a t  
t h e  c o r r e c t  p r o d u c t  mi x  i s  d e f i n e d .  T h e  C T O  p l a y s  a n  i mp o r t a n t  r o l e  
a t  t h i s  l e v e l  t o  b a l a n c e  ma r k e t i n g  needs  w i th  t e chno l og i ca l  r e a l i t i e s .  
T h e  ma t u r i t y  o f  d i f f e r e n t  t e c h n o log i e s  and  s t anda rds  p l ay  an  
i mp o r t a n t  r o l e  i n  d e t e r mi n i n g  h o w  d i f f i c u l t  i t  w i l l  b e  t o  e n t e r  a  
ma r k e t .  T h e y  a l so  d e t e r m i n e  h o w  m uc h  l o nge r  t he  ma r k e t  w i l l  b e  
a r o u n d  f o r .  
 
A c c o r d i ng  t o  P o r t e r ,  5  f o r c e s  i n f l u e n c e  c o m p e t i t i ve  s t r a t e g y :  
i n d u s t r y  c o m p e t i t o r s ,  p o t e n t i a l  en trant s ,  supp l i er s ,  buyers  and  
s u b s t i t u t e s .  T h e  c o mp a n y  m u s t  d i f f e r e n t i a t e  i t s e l f  i n  t h e  e y e s  o f  t h e  
c u s t o me r .  I t  s h o u l d  g a i n  a  c o mpe t i t i v e  a d v a n t a g e  o v e r  t h e  r e s t  o f  t h e  
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i n c u mb e n t s .   
 
B a r r i e r s  t o  i n d u s t r y  e n t r y  a r e :  e c on o mi c s  o f  s c a l e ,  d i f f e r e n t i a t i o n ,  
c ap i t a l  r equ i r eme n t s ,  a cce s s  t o  d i s t r i b u t i o n  a n d  g o v e r n me n t  p o l i c y .  
 
S u p p l i e r  b a r g a i n i ng  p o w e r  i n c r e a se s  i f  t h e r e  a r e :  f e w  s u p p l i e r s ,  t h e r e  
a r e  n o  s u b s t i t u t e s ,  t h e  s u p p l i e r  h a s  mor e  i mp o r t a n t  c u s t o me r s ,  t h e  
supp l i e r ’ s  i npu t s  a r e  c r i t i c a l  and  h igh  s w i t c h i n g  c o s t s  a r e  i n v o l v e d .     
 
F a c t o r s  t h a t  i n f l u e n c e  i n c r e a s e d  r i v a l r y  a mo n g  c o m p e t i t i o n  a r e :  
n u me r o u s  r i v a l s ,  e q u a l l y  b a l a n c e d  r i va l s ,  s l ow  g rowth ,  h igh  f i xed  
c o s t s ,  l o w  d i f f e r e n t i a t i o n ,  l o w  s w i t c h i n g  c o s t s ,  h i g h  e x i t  b a r r i e r s ,  
d i v e r s e  co mp e t i t o r s  a n d  h i gh  mo n e t a r y  s t a k es .  
 
C u s t o me r  b a r g a i n i n g  p o w e r  i s  i nc r ea sed  by  cus tomer s  buy ing  i n  
vo lume ,  s t anda rd i zed  o r  und i f f e r e n t i a t e d  p r o d u c t s ,  l ow  swi t ch ing  
c o s t s ,  l o w  p r o f i t  ma r g i n s ,   p u r c h a s e  no t  be ing  impor t an t  t o  t he  buye r  
even  t hough  t he  buye r  ha s  a l l  t h e  r e l e v a n t  i n f o r ma t i o n .  
 
T h e  f a c t o r s  me n t i o n e d  i n  t h e  p r e v i ou s  p a r a g r a p h s  a r e  a l l  i n f l u e n c e d  
b y  t h e  t e c h n o l o g y  a  c o mp a n y  c h o o s e s  t o  c o m p e t e  i n .  T h e  t e c h n o l o g y  
S - c u r v e  p l o t s  t h e  a d v a n c e  o f  a  t e c h n o l o g y  o v e r  t i me .  A c c o r d i n g  t o  
Rous se l  e t  a l  ( 1991 :19 ) ,  a  t e c h n o l o g y ’ s  m a t u r i t y  c a n  b e  d i v i d e d  
i n t o  e m br y o n i c ,  g r o wt h ,  m a t u r e  a n d  a g i n g  p h a s e s .   
 
T h e  p h a s e  a  t e c h n o l o g y  i s  i n  i n f l u en c e s  t h e  t i me  i t  w i l l  t a k e  t o  
p r o d u c e  a  p r o d u c t .  A s  s t a t e d  e a r l i e r  t h i s  i s  a  v e r y  i mp o r t a n t  f a c t o r  t o  
po t en t i a l  i nves to r s .  I n  t he  l i f e cyc l e  o f  a  t e chno logy ,  t he  i n f l uence  o f  
a  s p e c i f i c  p a r a me t e r  c h a n g e s  o v e r  t i me .  I n  t h e  e mb r y o n i c  p h a s e  o f  a  
t e c h n o l o g y  t h e  s t a n d a r d s  m i g h t  n o t  y e t  h a v e  b e e n  d e t e r mi n e d .  T h e r e  
ma y  b e  ma n y  c o mp e t i t o r s  a n d  ma n u fa c t u r i n g  c o s t s  a nd  p r i ce  
d i f f e r e n t i a t i o n  mi g h t  n o t  b e  s o  i mp o r t a n t .  I n  t h e  we l l - d o c u me n t e d  
v i d e o  ma c h i n e  w a r s  o f  t h e  l a t e  s e v en t i e s  a n d  e a r l y  e i g h t i e s  t h e  c ho i c e  
o f  a  d o mi n a n t  s t a n d a r d ,  e i t h e r  B e t a  o r  V H S ,  d o m i n a t e d  t h e  b u y  
dec i s i on  more  t han  p r i c e  d id .  P r i c e  and  f ea tu r e s  now domina t e  t he  
b u y  d e c i s i o n .   
 
Acco rd ing  t o  Wh ee lwr igh t  and  C la rk  (1992 :49 )  p roduc t s  c an  be  
d i v i d e d  i n t o  f o u r  c a t e g o r i e s ;  new c ore  produc t s ,  nex t  genera t ion ,  
a d d i t i o n  t o  t h e  pr o d u c t  f a m i l y  a nd  a d d - o n s  t o  c u r re n t  p r o d u c t s .  
T h e s e  e xp e r t s  s t a t e  t h a t  t he  a g g r e ga t e  p r o j e c t  p l a n  mus t  e n s u r e  t h a t  
t h e  c o l l e c t i o n  o f  p r o j e c t s  i n  t h e  c o m p a n y  h e l p s  t h e  c o mp a n y  a c h i e v e  
i t s  s t r a t eg i c  goa l s .  The  s t a r t - up  compa n y  h a s  t o  d e c i d e  w h a t  i t s  c o r e  
p r o d u c t s  w i l l  b e  a n d  h o w  t he s e  p r o du c t s  w i l l  e v o l v e  i n t o  t h e  f u t u r e .  
I n  t h e  s t a r t - u p  t h i s  d e c i s i o n  i s  c r u c i a l .  
 
W h e n  a  c o mp a n y  h a s  d e f i n e d  w h i c h  p r o d u c t s  t h a t  f i t  i t s  b u s i n e s s  a n d  
co rpo ra t e  s t r a t eg i e s  i t  wan t s  t o  d e v e l o p ,  i t  h a s  t o  i d e n t i f y  t h e  
capac i t y  and  sk i l l s  r equ i r ed  t o  p r o d u c e  t h o s e  p r o d u c t s .  F o r  a  s t a r t - u p  
t h i s  s t e p  w i l l  h e l p  i t  i de n t i fy  h o w  muc h  mo n e y  i t  w i l l  ne e d  t o  fu r t h e r  
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t h e  v e n t u r e .   
 
S u b s e q u e n t l y  t h e  s t a r t - u p  h a s  t o  ma n a g e  a n d  c o n t r o l  t h e  N P D  
p r o c e s s .  T h i s  w i l l  b e  t h e  ma i n  foc u s  o f  t h i s  pa p e r .  T h e  p r o j e c t  ha s  t o  
g o  t h r o u g h  p r o b l e m s o l v i n g ,  f u n c t io n a l  i n t e g r a t i o n ,  t e s t i n g  a n d  
p r o t o t y p i n g  p h a s e s .  M i d c o u r s e  c o r re c t i ve  a c t i o n s  ne ed  t o  b e  t a k e n  
a n d  ma n a g e d .  T h e  p r o j e c t  a n d  t h e  c o m pa n y  i n  g e n e ra l  m u s t  a t t a i n  t he  
t oo l s  and  de f i ne  t he  s t r uc tu r e s  nec e s s a r y  t o  h e l p  i t  ma n a g e  a n d  
c o n t r o l  t h e  N P D  p r o c e s s .   
 
 
 
1 .4 .  P r o b l e m  S t a t e m e n t  a n d  R e s e a r c h  q u e s t i o n s  
 
I t  i s  d i f f i c u l t  f o r  a  n e w  c o mp a n y  i n v o l v e d  i n  n e w  p r o d u c t  
deve lopmen t  t o  f i l t e r  wh ich  bus ine s s  p r a c t i s e s  t o  u s e  w h e n  a n d  a t  
w h a t  r a t e .  A  n e w  c o mp a n y  i s  b o mb a r d e d  w i t h  t o o l s  a n d  t e c h n i q ue s  t o  
i mp r o v e  t h e  d e v e l o p me n t  p r o c e s s  i n  t he  s t a r t - up  company .  I t  i s ,  
h o w e v e r ,  i mp o s s i b l e  t o  i mp l e me n t  a n d  f o l l o w  e v e r y  p r o d u c t  
d e v e l o p m e n t  p r o c e s s  a v a i l a b l e .  Co n v e r s e l y ,  i f  t h e  c o mpa n y  s t a r t s  
w i t h  t h e  i d e a  t ha t  t he y  w i l l  b e  a b l e  t o  b r e a k  a l l  r u l e s  an d  d o  
e v e r y t h i ng  a d - h o c ,  t h e y  r u n  t h e  r i s k  o f  r e i n v e n t i n g  t h e  w h e e l  r a t h e r  
t han  l e a rn ing  and  adap t i ng  we l l -worn  t e chn iques  fo r  t he i r  spec i f i c  
u s e .  A s  s t a t e d  b e f o r e ;  b e c au s e  o f  i nc r e a s e d  l e v e l s  o f  c o m p e t i t i o n ,  
r a p i d l y  c h a n g i n g  m a r k e t s ,  h i g h e r  r a t e s  o f  t e c h n o l o g y  c h a n g e  a n d  
s h o r t e r  p r o d u c t  l i f e  c y c l e s ,  c o m pe t i t i o n  i s  f i e r c e .  C o m p a n i e s ,  
s p e c i f i c a l l y  s t a r t - u p  c o m p a n i e s ,  a r e  n o t  a l l o we d  a n y  r o o m  f o r  
f a i l u re .  
 
T h i s  d i s se r t a t i o n  w i l l  f i r s t l y  i de n t i fy  d i f f e r en t  b e s t  p r a c t i s e  bu s i n e s s  
p roce s se s .  T h e s e  b e s t  p r a c t i s e  m e t h o d s  h a v e  b e e n  i d e n t i f i e d  a s  
c r u c i a l  i n  a d d i n g  t o  t h e  s u c c e s s  o f  n e w  p r o d u c t  d e v e l o p m e nt  
p r o c e s s e s  i n  s t u d i e s  o v e r  t h e  l a s t  5 0  y e a r s .   
 
T h e  r e s e a r c h  d o n e  w i t h  t h e  p a r t i c u l ar  s t a r t - up  c o m p a n y  w i l l  i d e n t i f y  
what  t h e  d i f f e r e nc e s  a r e  b e t w e e n  g e n e r a l l y  a c c e p t e d  b e s t  p ra c t i s e  
m e t h o d s  a n d  t h e  b e s t  p r a c t i s e  m e t h o d s  i m p l e m e n t e d  b y  a  p a r t i c u l a r  
s t a r t - u p  company .  
 
T h e  s tudy  w i l l  t he r e fo r e  a i m  t o  a n s w e r  t h e  fo l l o w i n g  q u e s t i o n s :  
 
H o w  d o e s  t h e  p r o d u c t  d e v e l o p me n t  p r oc e s s  c ha n g e  o v e r  t h e  l i f e  c y c l e  
o f  t h e  c o m p a n y ?  
 
H o w d o  t h e  b e s t  p r a c t i s e  p r o c e s s e s  i mp l e me n t e d  i n  t h e  i n d u s t r y  
d i f f e r  f r o m t h o s e  i m p l e me n t e d  d u r i ng  t h e  l i f e  c y c l e  o f  t h e  c o mp a n y  
u n d e r  i n v e s t i g a t i o n ?   
 
Why  d o e s  t h e  c om p a n y  i m p l e me n t  b e s t  p r a c t i s e  p r o c e s s e s  a t  a  
s p e c i f i c  t i me  i n  i t s  l i f e  c y c le  a n d  n o t  d u r i n g  o t h e r  t i me s ?  
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W h a t  p e r c e n t a g e  o f  b e s t  p r a c t i s e  p r o c e ss e s  a r e  a c c e p t e d  a n d  
i mp l e me n t e d  b y  t h e  c o mpa n y ,  w h y  t h e y  w e r e  c h o s e n  a n d  w h y  w e r e  
o the r s  no t ?    
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2.  Literature  review 
 
2 .1 .  I n t r o d u c t i o n  
 
A s  s t a t e d  p r e v i o u s l y ,  t h e  f o c u s  o f  t h i s  p a p e r  w i l l  b e  on  n e w  p r o d u c t  
d e v e l o p m e n t .  T h e re fo r e ,  t he  l i t e r a t u r e  r e v i ew  i n  t h i s  c h a p t e r  w i l l  
f i r s t  i d e n t i fy  ma j o r  c o n t r i bu t i o n s  t o  t h e  N P D  p r o c e s s  o v e r  t h e  l a s t  
f i ve  decades .  Spec i f i c a l l y ,  t he  evo lu t i on  o f  t he  NPD p roces se s  f r om 
f i r s t  t o  t h i r d  g e n e r a t i o n  p r o c e s s  w i l l  b e  d e t a i l e d .  A t  t h e  sa me  t i me  
t h e  i n d u s t r y  s t a n d a r d  e v o l u t i o n  o f  b e s t  p r a c t i s e  c a t e g o r i e s  o v e r  t h e  
l a s t  f e w  d e c a d e s  w i l l  b e  r ev i e w e d .  F o l l o w i n g  t h i s ,  c han g e s  i n  p r o j e c t  
ma n a g e m e n t ,  k n ow l e d g e  m a n a g e me n t  a n d  r e so u r c e  ma n a g e me n t  w i l l  
b e  l o o k e d  a t  i n  mo r e  d e t a i l .   
 
  
2 .2 .  NASA and  phased  pr o j e c t  p l a n n i n g  
 
A c c o r d i n g  t o  R o u s s e l  ( 1 9 9 1 : 2 5 )  t he  e n v i r o n me n t  i n  t h e  1 9 3 0 s  t h r o u g h  
t o  t h e  1 9 5 0 s  w a s  o n e  o f  b o u n d l e s s  o p p o r t u n i t i e s .  T h e r e  w a s  a  l o t  o f  
po t en t i a l ,  t e chno logy  and  money .  Gove r n me n t s  i n  a l l  t h e  i n d u s t r i a l l y  
a d v a n c e d  n a t i o n s  w e r e  l i b e r a l  i n  t h e i r  s u p p o r t  o f  a c a d e mi c  r e s e a r c h .  
Th i s  howeve r  s t a r t ed  chang ing  w i th  a  dec l i ne  gove rnme n t s ’  f i nanc i a l  
r e sou rce s .  Th i s  had  an  e f f ec t  on  b o t h  c o mp a n i e s  a n d  t h e  g o v e r n me n t .  
The  gove rnme n t  had  l e s s  money  t o  spend ,  t he r e fo r e  t hey  had  t o  be  
m o r e  c a re fu l  i n  co n t r o l l i ng  h o w  i t  w a s  s p e n t .  T h e  c om p a n i e s  i n  t u rn  
had  t o  be  more  ca r e fu l  i n  how they  u sed  t he  funds  t ha t  we re  g iven  t o  
t h e m.   
 
S o me  f o r m o f  a  p h a s e d  p r o j e c t  p l ann ing  (PPP)  p roces s  was  fo l l owed  
b y  t h e  U n i t e d  S t a t e s  mi l i t a r y  b e f o r e  1 9 6 4 .  P P P  w a s  i mp l e me n t e d  t o  
s e t  u p  s p e c i f i c  d e l i v e r a b l e s  o v e r  a  pe r i od  o f  t ime .  I n  t he  PPP  p roces s  
t h e  p r o j e c t  i s  c h e c k e d  a t  e v e r y  mi l e s tone  t o  en su re  i t  con fo rms  t o  
r e q u i r e m e n t s  b e f o r e  mor e  mo n e y  i s  g iven  t o  t he  con t r ac to r .  No t  
eve ryone  fo l l owed  t he  s ame  deve lopmen t  p roce s s .  Wi th  t he  
e s t ab l i shmen t  o f  NASA (2002 )  i n  t he  l a t e  50 ’ s ,  c e r t a i n  p rob l ems  we re  
i d e n t i f i e d .  I t  w a s  n e c e s s a r y  t o  e s t ab l i s h  c o s t  a n d  d e s i g n  c o n t r o l s  o v e r  
con t r ac to r s .  Nobody  knew wha t  wa s  happen ing  beyond  h i s  o r  he r  
f i e l d  o f  e x p e r t i s e  a n d  i n v o l v e me n t .  I t  w a s  a l s o  f o u n d  t h a t  t h e r e  w e r e  
n o  i n c e n t i v e s  o f f e r e d  t o  c o n t r a c t o r s  fo r  e a r l y  d e l i v e r y .  
  
1964  was  a  wa t e r shed  yea r  i n  NASA’s  ope ra t i on .  A  number  o f  
p r o j e c t s  r a n  i n t o  s c h e d u l e  s l i p p a g e  p r o b l e m s .  T h e  A p o l l o  p r o g r a m  
l o o k e d  l i k e  i t  w o u l d  n o t  p r o d u c e  a  m o o n  l a n d i n g  b e f o r e  t h e  e n d  o f  
t h e  d e c a de  a n d  t h e  c o s t  w a s  p r o j e c t ed  t o  b e  i n  e x c e s s  o f  2 0  b i l l i o n  
do l l a r s  (NASA 2002 ) .  The  p rog ram  c a l l e d  f o r  a  l a u n c h  m o d u l e ,  
s p a c e c r a f t  mo d u l e s  a n d  g r o u n d  s u p p o r t  e q u i p me n t .  A  l o t  o f  p r o b l e ms  
w e r e  e x pe r i e nc e d  w h e n  i n t e g r a t i n g  e v e r y t h i n g  i n  t h e  p r o j e c t .  A  s t u d y  
p e r f o r me d  b y  H i l b u r n  ( N A S A  2 0 0 2 )  i n  1 9 6 4  s u g g e s t e d  t h e  f o l l o w i n g  
s o l u t i o n ;  P P P  mu s t  b e  i m p l e me n ted  ac ro s s  a l l  p ro j ec t s  and  NASA 
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ma n a g e m e n t  mus t  r e v i e w  t h e  p r o j e c t  a t  ma j o r  d e c i s i o n  p o i n t s .  T h e s e  
d e c i s i o n  p o i n t s  w er e  a t  f i n an c i a l  a s  w e l l  a s  d e v e l o p me n t / i n t e g ra t i o n  
l eve l s .  Fo r  PPP  imp leme n t a t i on  t o  be  pos s ib l e  t he  p ro j ec t  had  t o  be  
v e r y  w e l l  d e f i n e d  w i t h  d e t a i l e d  r e q u i r e me n t s  s e t  o u t .  P r o j e c t  
p l a n n i n g  w a s  t h e r e f o r e  f o r c e d  o n t o  t he  con t r ac to r s  by  t he  gove rnme n t  
a g e n c y  m a n a g i n g  t h e  c o n t r a c t .   
 
T h e  c o n t r a c t o r s  u s e d  t h e  t e c h n iques  o f  NASA and  o the r  gove rnme n t  
a g e n c i e s  a s  t h e i r  o w n  b e c a u s e  t he y  w e r e  j u dge d  b y  t h e m.  T h e  P P P  
p r o c e s s  i s  k n o w n  a s  a  f i r s t  g e n e r a t io n  p r o c e s s .  I t  i s  c h a r a c t e r i s e d  b y  
a  l a ck  o f  a  s t r a t eg i c  f r amework  fo r  t he  ma nageme n t  o f  t e chno logy  
i n s i d e  t h e  c o mpa n y  ( R o u s s e l  1 9 9 1 : 2 6 ) .  G e n e r a l  ma n a g e me n t  ( o f  t h e  
c o n t r a c t i n g  c o mpa n y )  d o e s  n o t  h a v e  a  l o t  t o  d o  w i t h  t h e  t e c h n o l o g y  
d i r e c t i o n  o f  t h e  c o mp a n y  o r  w i t h  de f i n ing  wh ich  p ro j ec t s  t o  t ake .  
W h a t  t e c h n o l o g i e s  s h o u l d  b e  u s e d  a n d  w h i c h  p r o j e c t s  t o  u n d e r t a k e n  i s  
m o s t l y  m a n a g e d  b y  t h e  d e v e l o p me n t  depa r tmen t s .  P ro j ec t  p l ann ing  i s  
d o n e  a t  l i n e - ma n a g e me n t  l e v e l .  T he  p ro j ec t  i s  handed  o f f  f r om one  
f u n c t i o n  t o  t h e  n e x t  a s  i t  p r o g r e s s e s  o v e r  i t s  l i f e - c y c l e .  F u r t h e r  
p r o b l e ms  w i t h  f i r s t  g e n e r a t i o n  s y s t e ms  a r e  t h a t  r e s ou r c e s  a r e  n o t  
a l l o ca t e d  c o r r ec t l y  p a r t l y  b ec a u s e  i t  i s  d i f f i c u l t  t o  p r i o r i t i s e  p r o j e c t s .  
 
 
2 .3 .  S e c o n d  g e n e r a t i on  N P D  p r o c e s s .  
 
The  p r ev ious  PPP  p roces s  d id  no t  ad d r e s s  t h e  e x t e r n a l  ma r k e t  a n d  
e n v i r o n me n t  t h a t  p r i v a t e ,  c o n s u me r - d r i ven  o rgan i s a t i ons  have  t o  cope  
w i t h .  I t  a l s o  d i d  n o t  a d d r e s s  o t h e r  f u n c t i o n s  w i t h i n  t h e  c o r p o r a t i o n .  
T h e  e x t e r n a l  e n v i r o n me n t  i n c l u d e s ;  l a w s ,  s t a n d a r d s ,  t e c hn o l o g y  
t r e n d s  a n d  c u s t o m e r  r e q u i r e me n t s .  P P P  d i d  n o t  a d d r e s s  t h e  r o l e s  o f  
ma r k e t i n g ,  ma n u f a c t u r i n g  a n d  c u s t o me r  s u p p o r t .  I t  o n l y  add re s sed  t he  
r o l e  o f  en g i n e e r i ng .  M a r ke t i n g  ha s  t o  p re s e n t  t he  r e qu i r e me n t s  t o  
eng inee r ing .  Manufac tu r i ng  ha s  t o  b e  i n v o l v e d  f r o m t h e  b e g i n n i n g  t o  
e n s u r e  t ha t  i t  i s  po s s i b l e  t o  s u c c e ss f u l l y  ma n u f a c t u r e  a n d  s u p po r t  t he  
p r o d u c t .  
 
O r g a n i s a t i o n a l  l e a r n i n g ,  c r o s s - f u n c t i o n a l  i n t e g r a t i o n  a n d  s y s t e m 
c h a n g e  a n d  d e v e l op me n t  a r e  c r i t i c a l  s u c c e s s  f a c t o r s .  C r o s s - f u n c t i o n a l  
i n t e g r a t i o n  i s  t h e  p r o c e s s  w h e r e b y  a l l  f u n c t i o n s  a r e  i n v o l v e d  i n  t h e  
d e s i g n  o f  t h e  p r o d u c t .  I n p u t s  f r o m a l l  t he  fu n c t i o n s  a r e  t a ke n  i n t o  
c o n s i d e r a t i o n  w h e n  d e s i g n i n g  t h e  p r o d u c t .  
 
I n  2 n d  g e n e r a t i o n  s y s t e ms  t h e  c o o p e r a t i o n  b e t w e e n  ma n a g e me n t  a n d  
t h e  d e v e l o p me n t  t e a m  i n v o l v e s  j o i n t l y  ma n a g i n g  p r o j e c t s  o v e r  t i me  
( R o u s s e l  1 9 9 1 : 3 0 ) .  T h i s  i n c l u d e s  p r o j e c t - c o s t ,  i mp a c t  o f  t h e  p r o j e c t  
o n  t h e  b u s i n e s s ,  u n c e r t a i n t i e s ,  t h e i r  ma n a g e m e n t  a n d  t h e i r  e x e c u t i o n .  
M a n a g e m e n t  t r i e s  t o  ma n a g e  p r o j e c t s  w i t h  qua n t i t a t i ve  i n fo r m a t i o n  
l i k e  r e t u r n  o n  i n v e s t me n t  a n d  n e t  p r e se n t  v a l u e .  T h e  p o r t f o l i o  
c o n c e p t ,  o n e  o f  t h e  mos t  n o t a b l e  p a r t s  o f  3 r d  g e n e r a t i o n  p r o c e s s e s ,  
h o w e v e r ,  i s  s t i l l  mi s s i n g .   
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2 .4 .  L o c k h e e d ’ s  S k u n k wo r k s :  The  au tonomous  t eam.  
 
D u r i n g  Wor l d  Wa r  I I  L o c k h ee d  deve loped  t he  ‘Skunkworks ’  
app roach .  I t  f ocused  on  r ad i ca l  o r  b r eak th rough  p ro j ec t s .  I t  s ugges t s  
a  T i g e r  t e a m  w i t h  c o mpl e t e  r e s p o n s i b i l i t y  o v e r  p r oc e s s ,  d e s i g n  a n d  
me t h o d s .  T h e  t e a m  i s  i mp l e me n t e d  b y  co - loca t i ng  a  number  o f  peop l e  
w i th  t he i r  own  budge t  and  r e sou rce s .  Th i s  app roach  works  we l l  f o r  
r ad i ca l  o r  b r eak th rough  p ro j ec t s  whe r e  t e c h n i c a l  s u c c e s s  i s  a  h i g h -
r i s k  f a c t o r  ( Wh e e l w r i g h t  1 9 9 2 :1 6 0 ) .  Wh e n  l o o k i n g  a t  t h e  p r o b l e ms  
a s soc i a t ed  w i t h  1 s t  g e n e r a t i o n  P P P  s y s t e ms — mo s t  n o t a b l y  r e s o u r c e  
a l l o c a t i o n ,  p r o j e c t  ma n a g e me n t  a n d  p r i o r i t i s a t i o n —i t  b e c o me s  c l e a r  
w h y  t h i s  me t h o d  w a s  s u c h  a  s u c c e s s .  P P P  a l s o  u s e s  a  c r o s s - f u n c t i o n a l  
t e a m t h a t  i s  a d v a n t a g e o u s  i n  t h a t  t he  v a r i o us  f u n c t i o ns  a r e  a w a r e  o f  
t h e  p r o b l e ms  w i t h i n  t h e i r  s ph e r e  o f  i n f l uence  ea r l y  on  i n  t he  p roces s  
w h e n  c h a n g e s  c a n  s t i l l  b e  ma d e  wi t h o u t  t o o  m u c h  o f  a n  i mp a c t  o n  
mi l e s t o n e s .  
  
A  T ige r  t e am and  a  s t a r t - up  comp any  l e ad  u s  t o  d r aw  obv ious  
c o mpa r i s o n s .  T h e  T i g e r  t e a m  e mu l a t e s  t h e  a d v a n t a g e s  o f  a  s t a r t - u p .  I t  
c a n  c h a n g e  a n d  a d a p t  q u i c k l y  a n d  i s  n o t  a  s l a v e  t o  l a b o r i o u s  b i g -
c o mpa n y  p o l i c i e s .  T h e  o n e  t h i n g  t h a t  a  T i g e r  t e a m d o e s  n o t  a d d r e s s ,  
howeve r ,  i s  wh ich  p ro j ec t s  t o  p e r fo r m.  I n  t h e  s t a r t - u p  e n v i r o n me n t  
t h i s  i s  o f  c r u c i a l  i m p o r t a n c e  t o  t h e  s u r v i v a l  o f  t h e  c o m p a n y .   
 
 
2 .5 .  B e s t  p r a c t i s e  s t ud i e s .  
 
 
B e c a u s e  o f  i n c r e a s e d  l e v e l s  o f  c o mp e t i t i o n ,  r a p i d l y  c ha n g i n g  
ma r k e t s ,  h i g h e r  r a t e s  o f  t e c h n o lo g y  c h a n g e  a n d  s h o r t e r  p r o d u c t  l i f e -
c y c l e s ,  a n y  o r g a n i s a t i o n  i nvo lved  i n  NPD mu s t  be  a b l e  t o  e f f e c t i v e l y  
ma n a g e  i t s  p r o d u c t  d e v e l o p me n t  ( Gr i f f e n  1 9 9 7 : 4 3 0 ) .  I t  c an  no  l onge r  
b e  s e e n  a s  r e s e a r c h  w h e r e  s o me t h i n g  u s e f u l  s o me t i me s  a p p e a r s .  T h e  
g o a l  i s  t o  ma k e  mo n e y ,  a n d  t o  a c h i e v e  t h i s  g o a l  v i a b l e  p r o d u c t s  h a v e  
t o  be  p roduced .  Depend ing  on  t he  bus ine s s  and  t e chno logy  
e n v i r o n me n t  o f  t h e  c o mp a n y ,  t h e  c o mp a n y  h a s  t o  d e f i n e  a  N P D 
p r o c e s s  t h a t  f i t s  t h e  s p e c i f i c  c ompany’ s  needs .  Drucke r  ( 1985 :122 )  
p o s t u l a t ed  t h a t  t h e  c o mp a n y  mu s t  ‘ d o  t he  r i g h t  t h i n g ’  t o  b e  e f f e c t i v e .    
 
G r i f f en  (1997 :440 )  f ound  t ha t  t he  NP D  p r o c e s s  c o n t i n u e s  t o  e v o l v e  
a n d  b e c o me  m o r e  s o p h i s t i c a t e d .  NPD changes  on  va r ious  f ron t s  and  
f i r ms  t h a t  f a i l  t o  k e e p  t he i r  N PD  p r o c e s s  u p  t o  d a t e  w i l l  s u f f e r  a  
d i s a d v a n ta g e .  B e c a u s e  o f  i n c r e a s ed  l e v e l s  o f  c o mpe t i t i o n ,  r a p i d l y  
c h a n g i n g  ma r k e t s ,  h i g h e r  r a t e s  o f  t e c h n i c a l  o b s o l e s c e n c e  a n d  s h o r t e r  
p r o d u c t  l i f e  c y c l e s  t h e  w a y  N P D  i s  m a n a g e d  c o n t i n u o u s l y  c h a n g e s .  
 
New t echn iques  and  p roce s se s  f o r  NPD a re  con t i nuous ly  be ing  
d e v e l o p e d ;  t h e  v a r i o u s  t e c h n i q u e s  a r e ,  h o w e v e r ,  a c c e p t e d  i n  b u s i n e s s  
a t  d i f f e r en t  r a t e s  (Gr i f f en  1997 :441 ) .  Whi l e  t h e  v a l i d i t y  o f  s o me  
i d e a s  i s  r e s e a r c h e d  t h o r o u g h l y  s o m e  i d e a s  a r e  p r e s e n t e d  a s  u s e f u l  
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wi thou t  any  p roo f .  One  pos s ib l e  way  t o  de t e rmine  whe t he r  an  i dea  o r  
t e c h n i q u e  i s  v a l i d  i s  t o  s a m p l e  t h e  t e c h n i q u e s  u s e d  i n  b u s i n e s s .  T h e  
me thods  mos t  common ly  u sed  can  t hen  be  deno t ed  a s  be s t  p r ac t i s e  
t e c h n i q ue s .   I n  t he  b e s t  p r a c t i s e  s t ud i e s  a  numb e r  o f  c o mp a n i e s  a r e  
i n t e r v i e we d  o r  i n v e s t i ga t e d ,  t h e  d a t a  g a t h e r e d  i s  a n a l y s ed  a n d  
a me n d me n t s  t o  t h e  N P D  p r o c e s s  a r e  s u g g e s t e d .  I n  s o me  o f  t h e  s t u d i e s  
NPD suc ces s  i s  ma pped  aga in s t  t h e  me t h o d s  u s e d  i n  o r d e r  t o  
d e t e r mi n e  w h e t h e r  s p e c i f i c  t e c h n i q ue s  a r e  mo r e  u s e f u l  t h a n  o t h e r s .   
 
B e s t  p r a c t i s e  s t ud i e s  a r e  s e e n  a s  u s e f u l  t oo l s  i n  t he ms e l v e s .  T h e  
P r o d u c t  D e v e l o p me n t  a n d  M a n a g e me n t  A s s o c i a t i o n  ( P D M A )  ma d e  i t  
o n e  o f  t h e i r  g o a l s  t o  r e g u l a r l y  i nv e s t i ga t e  c h a n g e s  i n  t h e  N P D  
ma nage men t  p roce s s  by  conduc t i ng  be s t  p r ac t i s e  s t ud i e s .  
 
The  o rgan i s a t i on  ha s  t o  adap t  and  c h a n g e  c o n s t a n t l y .  C u r r e n t  b e s t  
p r a c t i c e  mi g h t  n o t  b e  b e s t  p r a c t i ce  i n  t he  fu t u r e .  T he  N P D  s t r a t e gy  
m u s t  b e  f l e x i b l e  a n d  a l l o w  t h e  p r o ces s  t o  change .   I n  t e chno log i ca l l y  
f a s t - c h a n g i n g  f i e l d s  i t  mi g h t  n o t  be  pos s ib l e  t o  de f i ne  a l l  t he  
r equ i r emen t s  be fo r e  t he  p ro j ec t  s t a r t s .  I t  i s  t h e r e fo re  n e c es s a r y  t o  
l e a r n  t h e  r e q u i r e m e n t s  a s  t i me  p a s s e s .  The  NPD p roces s  ha s  t o  change  
a s  t h e  c o m p a n y  g r o w s  o v e r  t i me .  
 
O n e  o f  t h e  f i r s t  b e s t  p r a c t i s e  s t u d i e s  w e r e  c o n d u c t e d  i n  1 9 6 8  b y  
B o o z ,  A l l e n  a n d  H a mi l t o n .  A  6 - s t age  p r o ce s s  i s  s u g ge s t e d  ( G r i f f e n   
1 9 9 7 : 4 3 1 ) :  e x p l or a t i o n ,  s c r e e n i n g ,  b u s i n e s s  a n a l y s i s ,  d e v e l o pm e n t ,  
t e s t i n g  a n d  c o m m e r c i a l i s a t i o n .  The  p r o c e s s  i s  i n d u s t r y -  a n d  
c o mp a n y - s p e c i f i c .  T h e  N A S A  a n d  mi l i t a r y  d e v e l o pme n t  p r o c e s s e s  
h a v e  t o  b e  a d a p t e d  a n d  n o t  b l i n d l y  f o l l o w e d .  T h e  o r g a n i s a t i o n a l  
s t r u c t u r e s  t h a t  h e l p e d  t he  N P D  p r o c e s s  w e r e  i d en t i f i e d  a s :  new  
p r o d u c t  d e p a r t m e n t s ,  p r o d u c t  t e a m s  a n d  n e w  p r o d u c t  c o m m i t t e e s .  A  
ma r k e t  h a s  t o  e x i s t  f o r  t h e  p r o d u c t  and  t he  p roduc t  ha s  t o  f i t  i n to  t he  
t o t a l  s t r a t e g y  o f  t h e  c o mp a n y .  T h e  company  shou ld  no t  j ump  a t  eve ry  
p o s s i b l e  o p p o r t u n i t y  b u t  m u s t  me a s u r e  t h e  o p p o r t u n i t y  a c c o r d i ng  
spec i f i c  c r i t e r i a  a t  eve ry  s t age .  T he  p r o j e c t  i s  e v a l ua t e d  a t  e v e r y  
s t a g e  a n d  d e c i s i o ns  mus t  b e  ma d e  t o  c o m mi t  r e s o u r c e s  t o  f u r t h e r  t he  
p r o j e c t  o r  t o  s t o p  o r  c h a n g e  t h e  p r o j e c t .   
 
I n  1 9 8 0  M e r l e  C r a w f o r d  i n  ‘ De f i n i n g  t h e  P r o d u c t  I n n o v a t i o n ’  
sugges t ed  t ha t  t he  company  shou ld  have  a  n e w  p r o d u c t  s t r a t e g y  
(Doo ley  2002 ) .  Th i s  s t r a t egy  de f i ne s  w h i c h  p r o d u c t s  t o  d e s i g n  r a t h e r  
t h a n  h o w t o  d es i gn  t h e m.  T h i s  t i e  i n  w i t h  t h e  N P D  p r o c e s s  w h e re  t h e  
p r o j e c t  i s  e v a l u a t e d  a t  e v e r y  s t a g e .  O n e  o f  t h e  c r i t e r i a  i s  t h e r e f o r e  
t h e  f i t  o f  t h e  p r o j ec t  w i t h  t he  r e s t  o f  t h e  p r o j ec t s  i n  t h e  c o mp a n y  a nd  
t h e  c o mp a n y  s t r a t e g y .  
 
I n  t h e  19 8 2  B o o z ,  A l l e n  a n d  H a mi l t o n  r e p o r t  t h i s  7 t h  S t r a t e g i c  
P l a n n i n g  s t e p  w a s  a d d e d  t o  t h e  f r o n t  o f  t h e  N P D  p r o c e s s  ( G r i f f e n  
A b i e  1 9 9 7 : 4 3 3 ) .  T h e  c o m p a n y  h a s  t o  d e v e l o p me n t  a  por t f o l i o  o f  
p r o d u c t s  t h a t  c om p l e me n t  e a c h  o t h e r  a n d  t h e  c a p a b i l i t i e s  o f  t h e  
c o mp a n y .  R e s o u r c e s  a n d  d e s i g n  i n fo r ma t i o n  mu s t  b e  s h a r e d  o r  r e -
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u s e d  b e t w e e n  d i f f e r e n t  p r o d u c t s .  
 
I n  1990  t he  PDMA conduc t ed  a  b road  i ndus t ry  c ro s s  s ec t i on  su rvey  i n  
w h i c h  t he y  f o u n d  N P D  p e r f o r ma n c e  h a d  t o  b e  me a s u r e d  a n d  mu l t i -
f unc t i ona l  t e ams  had  t o  be  u sed  (Gr i f f en  1997 :433 ) .  They  a l so  f ound  
t ha t  be s t  p rac t i s e  i s  c o n t ex t - s p ec i f i c .  I t  was  found  t ha t  i n  h igh - t ech  
f i r ms  ma n u f a c t u r i n g  s h o u l d  d e v o t e  a t  l e a s t  1 0 %  o f  i t s  t i me  t o  N P D .  
C o n c e p t  t e s t i n g  a n d  ma r k e t  t e s t i ng  was  found  t o  be  a  succe s s  
c r i t e r i o n .  
 
A r thu r  D  L i t t l e  (Gr i f f en  1997 :433 )  conduc t ed  a  su rvey  i n  t he  
ma n u f a c t u r i n g  i n dus t r y  a n d  i t  w a s  fo u n d  t h a t  mu l t i - f u n c t i o n a l  t e a ms  
t h a t  w i e l d  c o n t r o l  a n d  h a v e  s i g n i f i c an t  au tonomy  ha d  t o  be  u sed .  
T h e y  a l s o  f o u n d  t h a t  t o p  m a n a g e me n t  had  t o  be  i nvo lved  i n  t he  NPD 
p r o c e s s  a n d  t h a t  s u p p l i e r s  h a d  t o  b e  i n v o l v e d  e a r l y  i n  t h e  p r o c e s s .  A  
m u l t i f u n c t i o n a l  t e a m c o u l d  b e  t ak e n  a s  f a r  a s  a  S k u n k w o r k s ,  
me n t ioned  ea r l i e r ,  o r  a l t e rna t i ve ly  a  s t a r t - up  can  be  s een  a s  a  f ocused  
m u l t i fu n c t i o n a l  t e am.  
 
I n  a  s t u d y  c o n d u c t e d  b y  K u c ma r s k i  (1 9 9 3 )  i t  w a s  f o u n d  t h a t  t a n g i b l e  
a n d  v i s i b l e  t o p  ma n a g e me n t  s u p p o r t  wa s  n e c e s s a r y  ( G r i f f e n  
1 9 9 7 : 4 3 3 ) .  T h e  s t u d y  a l s o  s h o w e d  t h a t  adequa t e  r e sou rce  had  t o  be  
p r o v i d e d ,  mo r e  t i m e  h a d  t o  b e  s p e n t  o n  t h e  u p - f r o n t  s t e p s  o f  t h e  N P D  
p r o c e s s  a n d  f o c u s  h a d  t o  b e  p u t  o n  n e w e r  p r o d u c t s .  
 
M e r c e r  ma n a g e m e n t  a n d  c o n s u l t i ng  (1994 )  f ound  t ha t  a  cu s tomer -
c e n t e r e d ,  d i s c i p l i n e d  N P D  p r o c e ss  had  t o  be  fo l l owed ,  t he  p roduc t  
p o r t f o l i o  h a d  t o  b e  ma n a g e d  a n d  a  p l ann ing  s t age  had  t o  be  added  
(Gr i f f en  1997 :433 ) .  Subsequen t l y  t he  P roduc t  Deve lopmen t  
Consu l t i ng  g roup  found  t ha t  a  d i s t i n c t i o n  had  t o  b e  ma d e  b e t w e e n  
p r o d u c t  f e a t u r e s  a n d  n e e d s .  T h e y  a l so  found  t ha t  t he  p ro j ec t  s cope  
had  t o  i nc lude  t he  en t i r e  a u g me n t e d  p r o d u c t .   
 
E i s enha r t  and  Tab r i z i  ( 1995 )  f ound  t h a t  i n  t h e  c o mp u t e r  i n d u s t r y  
f i r ms  u s i n g  a  s t r a t e g y  o f  m u l t i p l e  d es i g n  i t e r a t i o n s ,  e x t e n s i v e  t e s t i n g ,  
f r equen t  p ro j ec t  mi l e s tones ,  mu l t i f u n c t i o n a l  t e a ms  a n d  a  s t r o n g  
l e a d e r  a c c e l e r a t e d  d e v e l o p m e n t  ( D o o l e y  2 0 0 2 : 6 ) .   
 
P i t t i g l i o ,  R a b i n ,  T o d d  a n d  M c G r a t h  ( 1 9 9 5 )  f o u n d  t h a t  b o t h  p r o j e c t  
p e r f o r m an c e  a n d  de v e l o p m e n t  e f f e c t i v e n e s s  h ad  t o  b e  me a s u r e d .  T h e y  
a l s o  d i sco v e r e d  t h a t  mu l t i - fu n c t i o na l  t ea ms  h a d  t o  b e  u s e d  i n  a  
s t r u c t u r e d  p r o c e s s  w i t h  a c t i o n - o r i en t ed  phase  r ev i ews  a long  t he  way  
( G r i f f e n  1 9 9 7 : 4 3 5 ) .  
 
Z i rge r  and  Ha r t l ey  (1996 )  f ound  t ha t  c ro s s - func t i ona l  t e a m s ,  f a s t  
t i me  t o  ma r k e t  a s  a  d e v e l o p me n t  g o a l  a n d  o v e r l a p p i n g  d e v e l o p me n t  
a c t i v i t i e s  we re  cha r ac t e r i s t i c  o f  b e t t e r  c o mpa n i e s  ( D o o l e y  2 0 0 2 : 7 ) .  
 
D o o l e y  ( 2 0 0 2 )  f o u n d  t h a t  b e s t  p r a c t i s e s  a s soc i a t ed  w i th  t he  s t r a t eg ic  
i mp l e me n t a t i o n  o f  N P D  ( p r o j e c t  s e l e c t i o n ,  g o a l s ,  t e c h n o l o g i c a l  
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l e a d e r s h i p ,  p r o d u c t  s t r a t e g y  a n d  c u s t o me r  i n v o l v e me n t )  a r e  mor e  
w i d e l y  e x c e p t e d  t h a n  b e s t  p r a c t i s e s  a s s o c i a t e d  w i t h  c o n t r o l l i n g  t h e  
e x e c u t i o n  o f  N P D  ( p r o c e s s  c o n t r o l ,  me t r i c s ,  d o c u me n t a t i o n ,  c h a n g e  
c o n t r o l ) .  I n  l i n k i n g  b e s t  p r a c t i s e  w i t h  i mp a c t  i t  w a s  f o u n d  t h a t  
p r o d u c t  s u c c e s s  d e p e n d s  s t r o n g l y  o n  h a v i n g  s t r o n g  p r o d u c t  c o n c e p t s  
and  t hen  s e l ec t i ng  t he  cor r e c t  p r o j e c t s  t o  d e v e l o p .  The  NPD p roces s  
h a s  t o  b e  c o n t r o l l e d  v i a  p r o j e c t  ma n a g e m e n t ,  t h e  t e a m h a s  t o  b e  
s t r ong  and  l e s sons  l e a rned  h a v e  t o  b e  s h a r e d  b e t we e n  p r o j e c t s  s o  t h a t  
c y c l e  t i m e  c a n  b e  p o s i t i ve l y  i n f l u e nc e d .  
 
C u r r e n t l y ,  mos t  c o m p a n i e s  u s e  a  c ro s s - func t i ona l  s t age -ga t e  p roce s s  
f o r  NPD (Gr i f f en  1997 :440 ) .  Because  o f  t h e  r a p i d l y - c h a n g i n g  
e n v i r o n me n t  i t  i s  n o t  p o s s i b l e  t o  k e e p  a  r i g i d  N P D  s t r a t e g y .  T h e  N P D  
s t r a t e g y  c o u l d  b e  b a s e d  o n  i mp l e men t ing  a  s e t  o f  app l i c ab l e  be s t  
p r a c t i c e  p r o c e d u r e s  w i t h i n  a  s t a ge -ga t e  p roce s s  (Gr i f f en  1997 :440 ) .   
 
N o n e  o f  t h e  s tu d i e s  c i t e d  s p e c i f i c a l l y  d i f f e re n t i a t e d  b e t we e n  
w h e t h e r  t h e  c om p a n y  was  n e w  o r  we l l  e s t a b l i sh e d .  T h e  o n l y  
d i f f e re n t i a t i n g  f a c t o r  c i t e d ,  i n  s o m e  c as e s ,  was  t h e  s p e c i f i c  
i n d u s t r y  i n  whi c h  t h e  s t u d y  wa s  p e r f o r m e d .  
 
2 .6 .  Innovat ion  and  en trepreneursh ip  
 
In  1985 ,Pe t e r  Drucke r  ( 1985 :122 )  sugg es t ed  t ha t  t he  o rgan i s a t i on  can  
ma n a g e  i n n o v a t i o n  a n d  t h a t  i t  i s  n o t  b l ack  mag ic .  The  ‘ l uck ’  o f  t he  
c o mp a n y  s h o u l d  b e  ma n a g e d  a n d  i f  m i d  c o u r s e  c o r r e c t i o n s  h a v e  t o  b e  
ma d e  t h e y  s h o u l d  i mp l e me n t e d  i m me d i a t e l y .  T o p  ma n a g e me n t  l e a r n s  
f r o m a l l  t h e  fu n c t i o n s  ( t h e i r  v i ew  po in t s  on  cu r r en t  and  pos s ib l e  
p r o d u c t s )  a n d  me a s u r e s  t h e  c o mpa n y ’ s  p e r f o r ma n c e  a g a i n s t  
c o mpe t i t o r s .  N e w  i n n o v a t i v e  p r o j e c t s  mus t  b e  ma n a g e d  a s  s e p a r a te  
b u s i n e s s e s  f r o m t h e  s t a r t .  K e y  peop l e  shou ld  be  r ewarded  and  
c o mp e n s a t e d  a p p ro p r i a t e l y  s o  t ha t  t e chn i ca l  peop l e  do  no t  l e ave  
t e c h n i c a l  w o r k  f o r  ma n a g e me n t  b e c a u s e  t h e y  h a ve  r e a c h ed  a  
c o mpe n s a t i o n  p l a t f o r m.   
 
 
2 .7 .  Aggrega te  pro jec t  p lan  
 
I n  1 9 9 2  S t e v e n  W h e e l w r i g h t  a n d  K i m C la rk  (1992 :48 )  pub l i shed  
‘ R e v o l u t i o n i z i n g  P r o d u c t  D e v e l o p me n t ’  a n d  s u g g e s t e d  a n  a g g r e g a t e  
p l a n  fo r  a l l  p r o d uc t s  w i t h i n  t h e  s t r a t e g y  o f  t h e  f i r m.  T h e y  i d en t i f i e d  
a n  a g g r e g a t e  p r o j e c t  p l a n  t h a t  i den t i f i e s  new ,  nex t  genera t i on  
a d d i t i o ns  t o  p r o d u c t  f a m i l y  a n d  d e r i v a t i v e  p r o d u c t s .  The  p roduc t  
f u n n e l  i s  u s e d  t o  f i l t e r  i d e a s  a nd  d e c i d e  w h i c h  w i l l  t u r n  i n t o  
p roduc t s .  Whee l r i gh t  and  C la rk  i den t i f i e d  t h e  r a t e  o f  c o m m u n i c a t i o n  
b e t w e e n  u p - s t r e a m a n d  d o w n - s t r e a m f u n c t i o n s  a n d  t h e  n e e d  f o r  c r o s s -
f u n c t i o n a l  i n v o l v e me n t  a n d  t h e y  i d e n t i f i ed  p ro to typ ing  a s  an  i n t eg ra l  
p a r t  o f  t h e  d e v e l o p me n t  p r o c e s s .  Th e y  a l s o  i d e n t i f i e d  p o s t  p r o j e c t  
l e a r n i n g  a s  a n  i mp o r t a n t  p r o c e s s .  
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The  d i f f e r en t  phase s  o f  p roduc t  deve l o p me n t  a r e  d i f f e r e n t  f o r  e v e r y  
c o mp a n y  b u t  c o n c e p t  d e v e l o p me n t ,  p r o d u c t  p l a n n i n g ,  e n g i n e e r i n g  
p ro to type ,  comme rc i a l  p r epa ra t i on  and  marke t  i n t roduc t i on  a r e  
p r e sen t ed  by  Whee lwr igh t  and  C la rk  (1992 :173 )  a s  pos s ib l e  phase s .  I t  
w o u l d  a l s o  ma k e  s e n s e  t o  a d d  a  s u p p o r t  p h a s e  t h a t  f e e d s  c u s t o me r  
r e q u i r e m e n t s  b a c k  t o  t h e  c o mp a n y  a n d  t h e  d e s i g n e r s .  T h e  v a r i o u s  
f u n c t i o n s  w i t h i n  t h e  b u s i n e s s  h a v e  d i f f e r e n t  t a s k s  t o  p e r f o r m d u r i n g  
t h e  l i f e  c y c l e  o f  t h e  p r o d u c t .   
 
I n  t h e  c o n c e p t  p h a s e  t h e  e n g i nee r i ng  func t i on  p ropose s  new 
t e c h n o l o g i e s  a n d  b u i l d s  m o d e l s ,  ma r k e t i n g  i n v e s t i g a t e s  p r o d u c t  
c o n c e p t s  w h i l e  ma n u f a c t u r i n g  i n v e s t i g a t e s  p r o c e s s  c o n c e p t s .  
 
Du r ing  t he  p roduc t -p l ann i ng  phase  en g i n e e r i n g  i n t e r a c t s  w i t h  t he  
s u p p l i e r s  a n d  d e f i n e s  t h e  p r o d u c t  a rc h i t e c t u r e ;  ma r k e t i n g  d e f i n e s  t h e  
t a r g e t  c u s t o me r s ’  p a r a me t e r s ,  d e v e l o p s  s a l e s  ma r g i n s  a n d  i n i t i a t e s  
c o n t a c t  w i t h  c l i en t s ;  a n d  ma n u f a c t u r i n g  d e v e l o p s  c o s t  e s t i ma t e s ,  
d e f i n e s  t h e  p r o c e ss  a r c h i t e c t u r e  and  va l i da t e s  supp l i e r s .  
 
D u r i n g  t h e  d e v e l o p me n t  p h a s e  e n g i n ee r i n g  d e v e l o p s  a  d e t a i l e d  d e s i g n  
a n d  b u i l d s  f u l l - s c a l e  p r o t o t y p e s .  M ar k e t i n g  p e r f o r ms  c u s t o me r  t e s t s  
w i t h  t he  p r o t o t ype s  a nd  e s t a b l i she s  a  d i s t r i bu t i on  p l an ;  and  
ma n u f a c t u r i n g  c r e a t e s  a  de t a i l e d  d e s i g n  o f  t h e  p r o c e s s ,  d e v e l o p s  
t oo l i ng  and  bu i l d s  nex t -phase  p ro to types .  
 
D u r i n g  t h e  s u b s e q u e n t  p h a s e s  e ng i n e e r i n g  e v a l u a t e s  p i l o t  u n i t s ,  
s o l v e s  p r o b l e ms ,  a n d  e v a l u a t e s  f i e l d  e x pe r i e nc e  w i t h  t h e  u n i t s ;  
ma r k e t i n g  t r a i n s  t h e  s a l e s  fo r c e ,  f i l l s  t he  d i s t r i b u t i o n  c h a n n e l s  a n d  
c o n t i n u ou s l y  i n t e r a c t s  w i t h  t h e  c l i en t s ;  and  manufac tu r i ng  bu i l d s  t he  
u n i t s ,  v e r i f i e s  t h e  s u p p l y  c h a i n  a n d  r a mp s  u p  p r o d u c t i o n  w h i l e  
e n s u r i n g  q u a l i t y ,  p r o d u c t  y i e l d  a n d  c o s t .  
 
2 .8 .  T h i r d  g e n e r a t i o n  n e w p r o d u c t  p r o c e s s  
 
Fi r s t  ge ne r a t i on  pha s e d  r e v i e w  p r oc e s s e s  d e f i n e d  h a r d  d e c i s i o n  a n d  
d e s i g n  p h a s e s  f o r  e v e r y  p r o d u c t  ( C o o p e r  1 9 9 4 : 4 ) .  E v e r y  p h a s e  i s  
ga t ed  and  t he  nex t  phase  i s  no t  a l l ow e d  t o  s t a r t  u n l e s s  e v e r y t h i n g  i n  
t h e  p r e v i o u s  p h a s e  h a s  b e e n  c o mp l e t e d .  T h i s  p r o c e s s  ma i n l y  i n vo l v e d  
t he  eng inee r i ng  func t i on .  Marke t i ng  a n d  s u p p o r t  i s  n o t  pa r t  o f  t he  
d e s i g n  p r o c e s s .  
 
S e c o n d  g e n e r a t i o n  s y s t ems  r e t a ined  a  phased  app roach  bu t  t he  
b o u n d a r i e s  b e t w e e n  t h e  p h a s e s  g o t  ‘ s o f t e r ’ .  T h i s  i mp l i e s  t h a t  t h e  n e x t  
p h a s e  c ou l d  s t a r t  e v e n  i f  t h e  c u r r e n t  p h as e  w a s  n o t  c o m p l e t e l y  
f i n i shed .  Eve ry  bus ine s s  cou ld  a l so  d e f i n e  i t s  o wn  p h a s e s .  T h i s  
p r o c e s s  i s  k n o w n  a s  a  s t a g e - g a t e  p r o c e s s  ( C o o p e r  2 0 0 1 : 1 3 0 ) .  T h e  
s t age -ga t e  p roce s s  i s  c ro s s - func t i ona l .  Marke t i ng  and  ma nufac tu r i ng  
a r e  i n v o l v e d  f r o m t h e  o u t s e t  a n d  p l a y  a  p a r t  i n  e v e r y  d e c i s i o n  p h a s e .   
 
3 r d  g e n e r a t i o n  ma n a g e me n t  s e e k s  t o  c r e a t e  a  s t r a t e g i c a l l y  b a l a n c e d  
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d e v e l o p m e n t  p o r t fo l i o  c r e a t e d  i n  f u l l  coope ra t i on  w i th  eng inee r ing  
( R o u s s e l  1 9 9 1 : 3 5 ) .  D e v e l o p me n t ’ s  i s o l a t i o n  f r o m t h e  r e s t  o f  t h e  
company  i s  b roken ,  expe r i ences  and  i n f o r ma t i o n  a r e  s ha r e d  a c r os s  a l l  
f u n c t i o n s .   B e c a u s e  p r o j e c t s  a r e  n o w  j u d g e d  t o  f i t  w i t h i n  t h e  s t r a t e g i c  
f r a me w o r k  o f  t h e  c o mp a n y  r e s o u r c e s  c a n  b e  e f f e c t i v e l y  a s s i g n e d  a n d  
t e chno log i ca l  syne rgy  can  be  ach i eved  t h roughou t  t he  company .  
S t r a t e g i c  f i t  i s  b e n e f i c i a l  i n  t h a t  p r o j e c t  i mp o r t a n c e  c a n  b e  
p r i o r i t i s ed  w i th in  t he  o rgan i s a t i on .  Th e  m o s t  f u n d a m e n t a l  c h a n g e  i n  
t h e  s t a g e - g a t e  p r o c e s s  d e s c r i b e d  b e l o w  i s  t h e  w a y  i n  w h i c h  d e c i s i ons  
a r e  m a d e  a t  e v e r y  g a t e  t h r ou g h o u t  t he  p r o c e s s .   
 
 
 

 

Figure 2: Stage gate process 
 
 
E v e r y  s t a g e  i n  t h e  p r o c e s s  c o n t a i ns  t e chn iques ,  p rocedu re s  o r  be s t  
p r a c t i s e  i t e ms  u n i q u e  t o  t h e  n e e ds  o f  t h e  s p e c i f i c  c o m p a n y .  E v e r y  
d i a mo n d  i n  f i g u r e  2  i s  k n o w n  a s  a  g a t e .  A t  t h e s e  g a t e s  d e c i s i o n s  a r e  
ma de  a s  t o  whe the r  t he  p ro j ec t  shou ld  con t i nue  o r  no t .  The  dec i s i on  
c r i t e r i a  a t  e a c h  g a t e  a r e  a l s o  u n i q ue  t o  t h e  n e e d s  o f  t h e  s p e c i f i c  
company .  The  ou tpu t  o f  t he  ga t e  i s  a  dec i s i on  r ega rd ing  t he  
c o n t i n u a t i o n  o f  t h e  p r o j e c t  a n d  r e s o u r c e s  b e i n g  a l l o c a t e d  a c c o r d i ng l y .  
The  dec i s i on  c r i t e r i a  a re  based  on  t he  p r o j e c t s  s t r a t eg i c  f i t  w i t h i n  
t h e  c o m pa n y .   I n  f i r s t  and  s econd  gene ra t i on  p roce s se s  t he  dec i s i on  
c r i t e r i a  w e r e  l i mi t e d  t o  t e ch n i c a l  a n d  f i n a n c i a l  d e c i s i o n s .  I f  t h e  
p ro j ec t  does  no t  f i t  w i t h  t he  t e chno logy  a n d  b u s i n e s s  s t r a t e g y  o f  t h e  
c o m p a n y  i t  i s  d i s c o n t i n u e d .   
 
T h e  f i r s t  s t a g e  i s  t h e  i n i t i a l  i de a  ge n e r a t i o n  s t a g e ;  ma n y  d i f f e r e n t  
t e c h n i q u e s  a r e  a v a i l a b l e  t o  c r e a t e  n e w  p r o d u c t  i d e a s .  T h e s e  i n c l u d e  
c u s t o me r  s u r v e y s ,  f o c u s  g r o u p s ,  u s e r  p roduc t  ana ly s i s ,  i dea  vau l t ,  
k e e p i n g  a b r e a s t  o f  n e w  t e c h n o l o g i e s  and  t r ends ,  t r ade  shows ,  supp l i e r  
i n f o r ma t i o n  a n d  m a r k e t i n g  i n f o r ma t i o n .  
 
T h e  f i r s t  s c r e e n  i s  a  g e n t l e  s c r e e n  t h a t  ge n e r a t e s  a  p r e l i mi n a r y  ‘ g o ’  
d e c i s i o n  t o  p r o c e e d  a n d  o b t a i n  mor e  i n f o r ma t i o n .  P o s s i b l e  c r i t e r i a  f o r  
t h i s  g a t e  a r e :  s t r a t e g i c  a l i g n me n t ,  p r o j e c t  f e a s i b i l i t y ,  ma r k e t  s i z e ,  
s y n e r g y  w i t h  b u s i n e s s  r e s o u r c e s  an d  a  f i t  w i t h  t he  c o mp a n y ’ s  
p o l i c i e s .   
 
S t a g e  1  o f  t h e  s t a g e - g a t e  p r o c e s s  i s  t h e  p r e l i mi n a r y  i n v e s t i g a t i o n  
s t a g e .  D u r i n g  t h i s  s t a g e  a  mor e  t ho rough  i nves t i ga t i on  i s  done  on  t he  
f e a s i b i l i t y  o f  t h e  p r o j e c t .   T h i s  i n c l u d e s  a  m a r k e t  a s s e s s me n t  s t u d y ,  a  
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t echn i ca l  f e a s ib i l i t y  s t udy  and  a  f i n a n c i a l  a s s e s s me n t  o f  t he  p roduc t .  
A t  t h e  s e c o n d  g a t e  t h e s e  i s s u e s  a r e  c r i t i c a l l y  eva lua t ed  and  a  
‘ g o / k i l l ’  d e c i s i o n  i s  ma d e .  
 
I n  t h e  2 n d  s t a g e  t he  b u s i n e s s  c a s e  fo r  t h e  p r od u c t  i s  bu i l t .  A  d e t a i l e d  
s p e c i f i c a t i o n  i s  d r a w n  u p  f o r  t h e  p ro d u c t  b a s e d  o n  u s e r  r e q u i r e me n t s ,  
e v a l u a t i on  o f  t h e  c o mp e t i t i o n ,  f e e d b a c k  g a i n e d  f r o m  a  c o n c e p t  
d e s i g n ,  a n d  t e c h n i c a l  a n d  m a n u f a c t u r in g  f e e d b a c k .  T h e  o u t p u t  o f  t h i s  
s t a g e  g i v e s  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  p r o d u c t  f e a t u r e s ,  n a me l y :  t h e  
ma r k e t ,  t h e  c u s to me r s ,  f i n a n c i a l  r e t u r n  o n  i n v e s t me n t ,  r e s o u r c e  
a l l o ca t i on  a n d  a  d e t a i l e d  p ro j ec t  p l an .  The  3 r d  g a t e  i s  t h e  p o i n t  a t  
w h i c h  a  d e c i s i o n  i s  ma d e  a b o u t  w h e the r  t o  p roceed  and  deve lop  t he  
p r o d u c t .  T h e  o u t p u t  o f  t h i s  p h a s e  i s  a n  e x p e n d i t u r e  c o m m i t me n t  ma d e  
b y  t h e  c o m p a n y .  T h e  d e v e l o p me n t  p l a n  mus t  be  ava i l ab l e  and  a  c ro s s  
f u n c t i o n a l  t e a m a l l o c a t e d  t o  p e r f o r mi n g  t h e  d e v e l o p me n t .   
 
T h e  3 r d  s t a g e  i s  t he  d e v e l o pme n t  s t a g e ;  t he  ou tpu t  o f  t h i s  s t age  i s  a  
work ing  p roduc t  p ro to type .  The  c o mp a n y  c a n  fo l l o w  d i f f e r e n t  
d e v e l o p m e n t  me t h o d s ,  mos t  p o p u l a r  b e i n g  a  b u i l d ,  a  t e s t  c y c l e  o f  
d i f f e r e n t  p r o t o t y p e s  s o  t h a t  v a r i o u s  t e c h n i c a l  i s s u e s  c a n  b e  r e s o l v e d .  
I n  p a r a l l e l  t o  t h i s  t h e  ma r k e t in g  a n d  ma n u f a c t u r i ng  func t i ons  a r e  
r a mp i n g  u p  t o  ma n u f a c t u r e  a n d  ma r k e t  t h e  p r o d u c t .  P r o j e c t  
ma n a g e m e n t  i s  d o n e  a t  a  l e v e l  o f  de t a i l  n ece s s a r y  fo r  t h e  s p ec i f i c  
p r o j e c t .  T h i s  i n c l u d e s :  ac t i v i t i e s ,  t i me  f r a me s ,  r e s o u r c e s  a n d  
i n t e r me d i a r y  p r o j ec t  mi l e s t o n e s .  
 
T h e  4 t h  g a t e  i s  t h e  p o s t - de v e l o p me n t  r e v i e w  g a t e .  A t  t h i s  ga t e  t he  
dec i s i on  o f  whe the r  o r  no t  t o  pu t  t he  p roduc t  t h ro u g h  t e s t i n g  a n d  
v a l i d a t i o n  b a s e d  o n  f i n a n c i a l  f o r eca s t s  and  p roduc t  pe r fo rma nce  ha s  
t o  b e  ma d e .   
 
T e s t i n g  a n d  v a l i d a t i o n  i s  p e r f o r m e d  i n  t h e  5 t h  s t age .  Tes t s  a r e  
p e r f o r me d  i n - h o u s e ,  f i e l d  t r i a l s  a r e  pe r fo rme d  and  p i l o t  p roduc t i on  
r u n s  a r e  d o n e .  A t  t h e  n e x t  g a t e  t h e  f i n a l  l a u n c h  a n d  
c o m m e r c i a l i s a t i o n  d e c i s i o n  i s  ma d e .   
 
T h e  f i n a l  s t a g e  i s  t h e  f u l l  p r o d u c t i on  and  ma r ke t i ng  phase  whe re  t he  
p r o d u c t  i s  i n t r o d u c e d  i n t o  t h e  ma r k e t .  Dur ing  t h i s  s t age  t he  p rog re s s  
o f  t h e  p r o d u c t  i s  c r i t i c a l l y  mo n i t o r e d  a n d  c u s t o me r  f e e d b a c k  
s u g g e s t i o n s  a r e  i n c l u d e d  i n  s u b s e q u en t  r e l e a se s  o f  t he  p roduc t .  The  
c o mpa n y  m u s t  a l s o  f o r ma l l y  r e v i e w wha t  i t  l e a rned  du r ing  t he  p ro j ec t  
s o  t h a t  t h e  o r g a n i s a t i o n  can  l e a rn  f rom any  mi s t ak e s  t h a t  w e r e  ma d e .   
 
N e x t  g e n e r a t i o n  p r o c es s e s  b u i l d  on  s e c o n d- g e n e r a t i o n  s t a ge - g a t e  
p roces se s  bu t  have  pa r t i c u l a r  e mp h a s i s  o n  e f f i c i ency  bu t  a r e  more  
f l u i d  a n d  a d a p t a b l e .  S t a g e s  i n  t he s e  p r o c e s s e s  c a n  a l so  o v e r l a p .  T h e  
p r o c e s s e s  i mp l e me n t  f u z z y  g a t e s  r a t he r  t h a n  abs o l u t e  de c i s i o n s .   
 
 
2 .9 .  Fourth  and  f i f th  genera t ion  NPD 
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Accord ing  t o  Mi l l e r  ( 1999 :  271 )  t he  3 r d  gene ra t i on  p roce s s  f ocused  
on  i nc r emen ta l  i nnova t i on .  Th i s  was  due  t o  f e edback  comi ng  f rom 
s a l e s  a n d  ma r k e t i n g .  S a l e s  o n l y  s e r v e  t o  d e f i n e  n e e d s  i n  c u r r e n t  
ma r k e t s .  B y  d o i n g  ma r k e t  s t u d i e s  p e o p l e ’ s  e x p l i c i t  k n o w l e d g e ,  n o t  
t h e i r  t a c i t  k n o w l e d g e ,  i s  a s c e r t a i n e d .  A n  e x a mp l e  o f  t h i s  i s  t h e  u s e  o f  
a i r b a g s  i n  mo t e r  v e h i c l e s .  T h e  mo t o r i s t  w i l l  n o t  t e l l  y o u  t ha t  he  
n e e d s  a n  a i r b a g  i f  h e  d o e s  n o t  k n o w  t h a t  s o me t h i n g  l i k e  i t  e x i s t s  
( M i l l e r  1 9 9 9 :  9 2 ) .   
 
D i s c o n t i n u o u s  i n n o v a t i o n  i s ,  h o w e v e r ,  needed  i n  t oday ’ s  comp e t i t i ve  
ma r k e t s .  T a r g e t i n g  t h e  c o r r e c t  d e v e l op me n t s  t o  i mp l e me n t  i s  t h e  m o s t  
i mp o r t a n t  p r a c t i s e .  T h e  o n l y  w a y  t o  choose  t he  co r r ec t  deve lopmen t  
i s  t o  i d e n t i fy  a l l  po s s i b l e  de v e l o p me n t  c h o i c e s .  T h e  ‘ f u z z y  f r o n t  e n d ’  
i s  w h e r e  t h e  4 t h  gene ra t i on  p roce s s  i nves t s  heav i l y  i n  knowledge  
a g g r e g a t i o n  a n d  c o n c e p t  d e v e l o p me n t .  S o u r c e s  o f  i n f o r ma t i o n  a r e :  
con t i nuous  f eedback  f rom ongo i ng  u se ,  and  l e ad  cus tomer s ’  
p a r t i c i p a t i o n  i n  r e se a r c h .  A t  t h i s  p o in t  p ro to types  can  be  u sed  i n  new  
r ea l -wor ld  s cena r io s .   
 
I n  t h i s  wa y  b o t h  t a c i t  a n d  e x p l i c i t  n e e d s  a r e  d i s c o v e r e d  a n d  c a n  b e  
u sed  t o  gene ra t e  new  des igns .  By  r e sea r ch ing  needs  t h roughou t  t he  
l i f e - c y c l e  o f  t h e  p r o d u c t  t h e  r e q u i r e me n t s  t h e  t e c h n o l o g y  n e e d s  t o  
s a t i s f y  a r e  d e f i n e d .  T h e  f o c u s  t h e r e fo r e  s h i f t s  f r o m t h e  t e c h n o l o g y  t o  
t h e  u s e  o f  t h e  t e c h n o l o g y .  T h e  n e x t  d e s i g n  w i l l  n o t  b e  i d e n t i f i e d  b y  
l o o k i n g  a t  c u r r e n t  d o mi n a n t  d e s i g ns ,  bu t  r a t he r  by  l ook ing  a t  t he  
n e e d s  o f  t h e  c u s t o me r  t h r o u g h o u t  t h e  l i f e  o f  t h e  p r o d u c t .  
 
I n  t he  a n t i c i p a t e d  5 t h  g e n e r a t i o n  ( A mi do n  2 0 0 5 )  ma n a g e me n t  
p r o c e s s e s  w i l l  b e  k n o w l e d g e - b a s e d  a n d  c o l l a bo r a t i v e .  T h e  i n n ov a t i o n  
s y s t e m i s  d e s i g ne d  i n  co l l a b or a t i o n  w i t h  s u p p l i e r s ,  p a r t n e r s ,  
d i s t r i b u t o r s ,  c u s t o me r s  a n d  o t h e r  s t a k e h o l d e r s .  T h e  e n t e r p r i s e  d o e s  
n o t  o n l y  h a v e  f i n a n c i a l  c a p i t a l ;  i t  a l s o  h a s  i n t e l l e c t ua l  a s s e t s .  T h e s e  
a s s e t s  now  i n c l u d e  t h e  e x c h a n g e  o f  i n f o r ma t i o n  w i t h  r e se a r c h  
i n s t i t u t e s  a n d  b u s i n e s s  u n i t s ,  a l l i ance s ,  and  j o in t  ven tu r e s .   
 
T h i s  c u l mi n a t e s  i n  t h e  e me r g e n c e  o f  v i r t ua l  r e s e a r c h  e n t e r p r i s e s  
( k n o w l e d g e  i n n o v a t i o n  s y s t e ms )  w i th o u t  f u n c t i o n a l ,  i n d u s t r y ,  s e c t o r  
o r  g e o g r a p h i c a l  b o r d e r s .  Knowledge  ha s  t o  be  b u i l t  a n d  r e t a i n e d  
i n s ide  t he  co rpo ra t i on  so  t ha t  i n n o v a t i v e  p r o d u c t s  c a n  b e  c r e a t e d .  
 
2 .10 .  Sus ta in ing  and  d i s rupt ive  t echno log i e s  
 
A s  s t a t e d  p r e v i o u s l y ,  i n  t h e  f a s t - chang ing  bus ine s s  wor ld  t he  
c o mpa n y  h a s  t o  b e  ma n a g e d  s o  t ha t  i t  k e e p s  u p  w i t h  t e c h n o l o g i c a l  
c h a n g e .  C h r i s t e n s e n  ( 2 0 0 0 : 2 6 )  f o und  t ha t  d i s rup t i ve  t e chno log i ca l  
c h a n g e s  c a u s e d  i n d u s t r y  l e a d e r s  t o  b e  t o p p l e d  f r o m t h e i r  p o s i t i o n s  o f  
l e a d e r s h i p .  T h e  t e c h n o l o g y  s - c u r v e  i s  a  w e l l - k n o w n  t e c h n i q u e  u s e d  t o  
p l o t  t h e  t e c h n o l o g y  p e r f o r ma n c e  i n c r e a s e  a g a i n s t  t i me  a n d  
eng inee r i ng  e f fo r t .  
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T y p i c a l l y ,  t h e  r a t e  o f  t e c h n o l o g i c a l  c h a n g e  a t  t he  s t a r t  o f  a  new  
t e c h n o l o g y  i s  s l o w ,  t h e  t e c h n o l o g y  t he n  e n t e r s  a  g r o w t h  p h a s e  w h e r e  
r a p i d  p r o g r e s s  i s  ma d e ,  a n d  f i n a l l y  t h e  t e c h n o l o g y  r e a c h e s  ma t u r i t y  
w h e r e  a  l o t  o f  t i me  a n d  e f fo r t  h a s  t o  b e  s p e n t  t o  i mp r o v e  t he  
p e r f o r ma n c e .  A t  t h i s  p o i n t  t h e  t e c hno logy  i s  r e ady  t o  be  su rpa s sed  by  
a  n e w e r  t e c h n o l o g y .  
 
D i s r u p t i v e  t e c h n o l o g i e s  a r e  n o t  a n y  o f  t he  new  t echno log i e s  shown  on  
t he  g r aph  be low .  Techno logy  2  on  t h e  g r aph  mi gh t  be  a  su s t a in ing  
t e c h n o l o g y  t h a t  l o g i c a l l y  f o l l o w s  f r o m t e c h n o l o g y  1  o n  t h e  g r a p h .  
Ra the r ,  a  d i s r u p t i v e  t e c h n o l o g y  h a p p e n s  w h e n  t h e  v e r t i c a l  a x i s ,  o r  
t he  way  pe r fo rmance  i s  measured ,  changes  ( C h r i s t e n s e n  2 0 0 0 : 4 6 ) .  
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Figure 3:  Technology S-curve 

 
C h r i s t e n s e n  ( 2 0 0 0 : 6 )  s t u d i e d  t h e  h i s t o r y  o f  t h e  c o mpu t e r  h a r d  d r i v e  
i n d u s t r y  s t a r t i n g  w i t h  t h e  f i r s t  d r i v e  ma d e  b y  I B M  i n  t h e  1 9 5 0 ’ s .  T h e  
i n d u s t r y  h a s  s e e n  a n  a n n u a l  i n c r ea se  o f  35% in  t he  amoun t  o f  
me g a b i t s  o f  i n f o r ma t i o n  p e r  s q u a r e  i n c h  o f  d i s k  s p a c e .  T h e  t w o  
b igges t  t e chno logy  changes  a t  t he  t ime  i nvo lved  t he  t e chno logy  fo r  
t h e  h e a ds ( f e r r i t e -o x i d e ,  t h i n - f i l m,  ma g n e t o  r e s i s t i ve )  o f  t h e  d i s k  
d r i v e s  a n d  t h e  a c t u a l  s i z e  o f  t h e  d r i ve  (14 - inch ;  8 - i nch ;  5 . 2 - i nch ;  3 . 5 -
i n c h  e t c . ) .  H e  f o u n d  t h e  f i r s t  t y p e  o f  t e chno logy  t o  be  a  su s t a in ing  
t e chno logy  wh i l e  t he  s econd  t ype  was  d i s rup t i ve .   
 
D u r i n g  a  s u s t a i n i n g  t e c h n o l o g y  c h a n g e  t h e  c u r r e n t  l e a de r s  i n  t h e  f i e l d  
r e ma i n e d  t h e  l e a d e r s  i n  t h e  i n d us t r y .  Wh e n  t h e  s e c o n d  t y p e  o f  
t e chno logy  change  occu r r ed ,  howeve r ,  t h e  l e a d e r s  w e r e  t o p p l e d  f r o m 
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t h e i r  p o s i t i o n s .  C h r i s t e n s e n  ( 2 0 0 0 : 1 7 )  f o u n d  t h a t  1 4 - i n c h  d r i v e s  w e r e  
ma i n l y  u s e d  i n  t he  ma i n f r a me  b u s i n e s s ,  8 - i n c h  d r i ve s  i n  t h e  mi n i  
compu te r  f i e l d ,  5 . 2 - i nch  d r i ve s  i n  t he  de sk top  comp u te r  wor ld  and  
3 . 5 - i n c h  d r i v e s  i n  l a p t o p s .  N o n e  o f  t h e  i n d u s t r y  l e a d e r s  i n  t h e  1 4 -
i n c h  f i e l d  w e r e  s u c c e s s f u l  i n  t h e  8 - i nc h  f i e l d  a nd  s i mi l a r  r e s u l t s  w e r e  
s e e n  f o r  t h e  r e s t  o f  t h e  t e c h n o l o g i ca l  f i e l d s .  Th i s  occu r r ed  because  
t h e  p e r f o r ma n c e  me a s u r e  c h a n g e d  f r o m o n e  t e c h n o l o g y  t o  t h e  n e x t .  
Wh i l e  8  i n c h  m a n u fa c t u re r s  w e r e  l i s t e n i ng  t o  t h e i r  c l i e n t s  a nd  
c r e a t i n g  m o r e  c a pa c i t y  f o r  t h e i r  mi n i - c o mp u t e r s  n e w e n t r a n t s  w e r e  
b u i l d i n g  5 . 2 - i n c h  d r i v e s  f o r  t h e  new  PC  marke t  wh ich  dema nded  
s ma l l e r  s i z e  r a t h e r  t h a n  m o r e  c a pa c i t y .  T h e  s a me  t h i n g  h a p p e n e d  t o  
t h e  5 . 2 - i n c h  l e a d e r s  w h e n  y e t  s ma l l er  s i z e  a n d  l e s s  w e i g h t  b e c a me  t h e  
p e r f o r ma n c e  me a s u r e  f o r  l a p to p  c o m p u t e r s  a  d e c a d e  l a t e r .  
 
C h r i s t e n s e n  ( 2 0 0 0 : x x i i i )  p o s t u l a t e d  5  r ea sons  why  compan ie s  do  no t  
ma n a g e  s u c c e s s f u l l y  t h r o u g h  d i s ru p t i v e  t e c h n o l o g i c a l  c h a n g e s :  
 
T h e  f i r s t  p r i n c i p l e  i s  t h a t  c ompan ie s  depend  on  cus tomers  and  
i n v e s t o r s  f o r  r e so u r c e s .  G e n e r a l l y  t h i s  me a n s  t h a t  c o mp a n i e s  a r e  
d i c t a t e d  t o  b y  c u s t o me r s  a n d  i n v e s to r s  a s  t o  w h e r e  mo n e y  s h o u l d  b e  
s p e n t .  Sma l l  e me r g i n g  ma r k e t s  a r e  n o t  n e c e s s a r i l y  t h e  p l a c e  t o  s p e n d  
m o n e y .  E f f e c t i v e l y  c o mpa n i e s  l i s t e n  t o  c l o se l y  t o  t h e i r  c u s t o me r s .  
 
T h e  s e c o n d  p r i n c i p l e  i s  t h a t  s m a l l  m a r k e t s  d o  n o t  s o l v e  t h e  g r o w t h  
n e e d s  o f  b i g  c o m p a n i e s .  Ma n y  l a r g e  c o mp a n i e s  w a i t  f o r  ma r k e t s  t o  
b e c o me  b i g  e n o u g h  t o  w a r r a n t  i n v e s t me n t .  A t  t h e  s a m e  t i me  a  s ma l l  
c o mp a n y  o r  s t a r t - u p  d o e s  n o t  n e e d  t h e  ma r k e t  t o  b e  b i g  t o  w a r r a n t  
i nves t i ng  i n  ge t t i ng  t he i r  p roduc t s  on  t h e  ma r k e t .  A t  t h e  s t a r t  o f  t h e  
e me r g i n g  ma r k e t ,  t h e  s ma l l  c o mp a n y  b e c o me s  a  b i g  c o mp a n y  i t s e l f  
a n d  e f f e c t i v e l y  d o mi n a t e s  t h e  ma r ke t ,  ma k i n g  i t  i mp o s s i b l e  f o r  l a t e  
e n t r a n t s  t o  e n t e r  t he  ma r k e t .  
 
P r i n c i p a l  3  i s  t h a t  m a r k e t s  t h a t  d o  n o t  e x i s t  c a n n o t  b e  a n a l y s e d .  
S o u n d  b u s i n e s s  p r i n c i p a l s  d i c t a t e  t h a t  t h e  ma r k e t  a n d  i t s  g r o w t h  r a t e  
have  t o  be  ana ly sed  so  t ha t  f i nanc i a l  p r ed i c t i ons  can  be  ma de .  
P l a n n i n g  a n d  ma r k e t i n g  t e c h n i q u e s  a r e  o n l y  u s e f u l  i n  s u s t a i n e d  
t e c h n o l o g y  ma r k e t s .  
 
Pr inc ipa l  4  i s  t ha t  an  o rgan i s a t i o n ’ s  c a p a b i l i t i e s  d e f i n e  i t s  
d i sab i l i t i e s .  A  company ’ s  p roce s se s  and  va lue s  ( d i c t a t i ng  p r i o r i t i e s )  
a r e  t u n e d  t o  b e  o p t i ma l  f o r  a  s p e c i f i c  ma r k e t  a n d  i n d u s t r y .  H o w e v e r ,  
w h e n  t h e  ma r k e t  c h a n g e s  t h e  c o mpa n y  p r o c e s s e s  a n d  v a l u e s  c o u l d  b e  
t o t a l l y  wr ong  fo r  t he  new  p roduc t .  Fo r  examp le ,  f o r  t he  l ap top  
i ndus t ry  t he  va lue s  o f  t he  company  mus t  change  t o  a ccommoda te  t he  
f a c t  t h a t  w e i g h t  a n d  p o w e r  consumpt ion  a r e  t he  b igges t  
d i f f e r e n t i a t i n g  f a c to r s  i n  t he  ma r k e t  r a t h e r  t ha n  d i s k  ca p a c i t y  w h i c h  
i s  a n  i mp o r t a n t  f a c t o r  i n  t h e  d e s k t o p  ma r k e t .  
 
T h e  f i f t h  p r i n c i p a l  i s  t h a t  t e chno logy  supp l y  may  no t  equa l  marke t  
demand .  I n  some  ca se s  t he  pe r fo r ma nce  o f  a  p roduc t  ou t s t r i p s  t he  
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ma r k e t  n e e d  o f  p e r f o r ma n c e .  Wh e n  t h i s  h a p pe n s  t h e  c l i e n t s  b as i s  o f  
p r o d u c t  c h o i c e  c h a n g e s  f r o m t e ch n o l o g y  t o  f u n c t i o n a l i t y  t o  
r e l i a b i l i t y ,  t h e n  t o  c o n v e n i e n c e  an d  l a s t l y  t o  p r i c e  ( C h r i s t e n s e n  
C l a y t o n  2 0 0 0 : x x v i i i ) .  
 
C h r i s t e n s e n  ( 2 0 0 0 : 3 3 )  f u r t h e r  i d e n t i f i e d  t h e  f i r m’ s  v a l u e  n e t w o r k  a s  
t h e  c o n t ex t  i n  w h i c h  a  f i r m  ma k e s  d e c i s i o n s ,  r e a c t s  t o  c o mpe t i t i o n  
and  s eeks  p ro f i t  ma rg in s  a s  t he  f r ame work  upon  wh ich  dec i s i ons  
abou t  new  t echno log i e s  a r e  ma de .  The  co rpo ra t e  s t r a t egy  and  v i s i on  
d e f i n e s  w h e r e  r e s o u r c e s  w i l l  b e  a l l o ca t e d .  Wi t h  a  d i s r u p t i ve  
t e c h n o l o g y  i t  b e c o me s  d i f f i c u l t  t o  a l l o c a t e  t h e  c o r r e c t  r e s o u r c e s  t o  
t h e  n e w  t e c h n o l o g y  a s  i t  d o e s  n o t  f i t  w i t h  t h e  c o r p o r a t e  s t r a t e g y .  T h i s  
i s  an  i n t eg ra l  pa r t  o f  3 r d  g e n e r a t i o n  p r o d u c t  d ev e l o p me n t  d e c i s i o n -
ma k ing  p roce s s .  When  i t  i s  nece s sa r y  t o  m o v e  t o  a  new  t echno logy  
t h e  f i r m a s  a  w h o l e  h a s  t o  b e  mo v e d  t o  a  n e w  c o r p o r a t e  s t r a t e g y  s o  
t h a t  r e s ou r c e  a l l oc a t i o n  c a n  a l s o  c h a n g e .  A l t e r n a t i v e l y ,  i t  mi g h t  
b e c o me  n e c e s s a r y  t o  s t a r t  a  n e w  d i v i s i on ,  s e p a r a t e  f r o m t h e  ma i n  
c o mp a n y  ( C h r i s t e n s e n  2 0 0 0 : 3 6 ) .  
 
2 .11 .  O r g a n i s a t i o n a l  l ea r n i n g  
 
Along  w i th  p roce s s  i nnova t i on ,  a  n e e d  f o r  a  s y s t e m t o  r e t a i n  
i n f o r ma t i o n  h a s  b e e n  i d e n t i f i e d  a s  nece s sa ry .  Ca r l son  e t  a l  ( 1976 :3 )  
i d e n t i f i e d  a n  o r g a n i s a t i o n  a s  a  l e a rn ing  sy s t em in  1976 .  I n  p r ac t i c e  
t h i s  me a ns  t h a t  a n  o r g a n i s a t i o n  m u s t  l o o k  a t  p a s t  s u c c e s s e s  a nd  
f a i l u r e s ,  a s s e s s  wha t  happened ,  and  u s e  t he  i n fo r ma t i o n  t o  be t t e r  t he  
c o mpa n y  i n  t h e  f u t u r e .  Whe r e  p o s s i b l e ,  p r o d u c t  a n d  d e s i g n  
i n f o r ma t i o n  h a v e  t o  b e  r e t a i n e d  so  t ha t  new  p roduc t  and  p roduc t  
u p g r a d e  d e s i g n  l e a d  t i me s  c a n  b e  s h o r t e n e d .  T h e  r e t e n t i o n  o f  
k n o w l e d g e  i s  e a s i e r  i n  s ma l l  c o mp an ie s  because  peop l e  a r e  more  
a w a r e  o f  w h a t  i s  g o i n g  o n .  I n  b i g  c o m p a n i e s  t h e  s a me  p r o d u c t  mi g h t  
b e  r e d e s i g n e d  n u me r o u s  t i me s  b e c a u s e  i n f o r ma t i o n  i s  n o t  p r o p e r l y  
s h a r e d  w i t h  o t h e r  d i v i s i o n s .  
 
Wi t h  t h e  a d v e n t  o f  t e c h n o l o g i c a l  con fo r mi ty  ove r  t he  l a s t  decade  
D a v e n p o r t  ( 1 9 9 8 : 4 5 )  i d e n t i f i e d  t h a t  k n o w l e d g e  h a d  t o  b e  ma n a g e d  
w i t h  t h e  t e c h n o l o g y  a v a i l a b l e  t o  t he  bus ine s s .  Da t a  o r  knowledge  ha s  
t o  b e  s t o r e d  a n d  a v a i l a b l e  t o  b e  u se d  s o  t h a t  t he  s a me  w o r k  d o e s  n o t  
h a v e  t o  b e  r e d o n e  t i me  a n d  t i me  a g a i n .  E l e c t r o n i c  d a t a  s t o r i n g  i s  
t h e r e f o r e  a  p o s s i b l e  t o o l  u s e d  t o  r e t a i n  a n d  s h a r e  i n f o r m a t i o n .   
 
Bus ine s s  i s  cha l l enged  t o  l e a rn  f ro m p a s t  e x p e r i e n c e s ,  r e t a i n  t h e  
knowledge  and  u se  i t  t o  dec r ea se  deve l o p me n t  c y c l e s  i n  t h e  f u t u r e .  
 
2 .12 .  P r o j e c t  m a n a g e m e n t .  
 
T h e  s t r u c t u r e  o f  t h e  d e v e l o p me n t  t e a m g r e a t l y  i n f l u e n c e s  h o w  i t  i s  
ma n a g e d .  I n  a  r i g i d  f u n c t i o n a l  c o mp a n y  s t r u c t u r e  e v e r y  f u n c t i o n —
ma r k e t i n g ,  e n g i n e e r i n g  a n d  ma n u fa c t u r i n g — r e ma i n s  a s  a  s e p a r a t e  
en t i t y  t ha t  i s  ma naged  by  func t i ona l  ma n a g e r s .  T h i s  t y p e  o f  t e a m i s  
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c o n s i s t e n t  w i t h  f i r s t  g e n e r a t i o n  NPD p roces se s  whe re  eve ry  func t i on  
p a s s e s  i t s  f i n i s h e d  p a r t  o f  t h e  p r o j e c t  ‘ o v e r  t h e  w a l l ’  t o  t h e  n e x t  
f unc t i on .  L i t t l e  coo rd i n a t i o n  a n d  c o m mu n i c a t i o n  e x i s t s  b e t w e e n  t h e  
d i f f e r e n t  fu n c t i o n s .  T h e y  a re  t h e i r  own  l i t t l e  e mp i r e s .   
 
A n o t h e r  t e a m s t r u c t u r e  i s  t h e  l i gh t -we igh t  s t r uc tu r e .  A  p ro j ec t  
ma n a g e r  a c t s  a s  a  l i a i so n  b e t w e e n  t h e  d i f f e r e n t  f u n c t i o n s .  T h e  
p r o b l e m w i t h  t h i s  s t r u c t u re  i s  t ha t  t h e  p r o j e c t  ma n a g e r  h a s  l i t t l e  
i n f l uence  ove r  t he  func t i ona l  ma nage r s .  T h e  p r o j e c t  m a n a g e r s  c a n n o t  
ma k e  d i f f i c u l t  d ec i s i o n s  t h a t  w i l l  c h a n g e  t h e  w a y  t h e  fu n c t i o n a l  
t e a ms  o p e r a t e .  T h i s  s t r u c t u r e  does ,  howeve r ,  have  be t t e r  
c o m m u n i c a t i o n  u p s t r e a m a n d  d o w n s t r e a m b e t w e e n  t h e  f u n c t i o n s  
d u r i n g  t h e  v a r i o u s  p r o j e c t  p h a s e s .  Th e  p r o j e c t  ma n a g e r  c a n  g e t  t h e  
ma n u fa c t u r i n g  func t i o n  t o  s t a r t  t a l k i n g  w i t h  e n g i n e e r ing  ea r l i e r  so  
t h a t  ma n u f a c t u r i n g  c a n  p o s i t i v e ly  i n f l uence  p roduc t  de s ign .  
 
T h e  n e x t  t y p e  o f  t e a m s t r u c t u r e  i s  k n o w n  a s  t h e  h e a v y - w e i g h t  
s t r u c t u r e .  I n  t h i s  s t r u c t u r e ,  t h e  p ro j ec t  ma nage r  i s  a  s en io r  ma nage r  
who  ha s  i n f l uence  ove r  t he  func t i ona l  ma n a g e r s .  T h e  s e n i o r  ma n a g e r  
h a s  i n s i gh t  i n t o  t h e  ma r k e t  a n d  t h e  i mp a c t  i t  h a s  o n  t h e  v a r i o u s  
f u n c t i o n s .  I f  n e e d  b e  h e / s h e  co u l d  u s e  h i s / h e r  a u t h o r i t y  t o  u s e  
r e sou rce s  and  change  p roce s se s .   
 
T h e  f o u r t h  s t r u c t u r e  u s e d  i s  t h e  a u t o n o mo u s  t e a m s t r u c t u r e .  I n  t h i s  
c a s e ,  r e so u r c e s  a r e  t a ke n  f r o m a  f u n c t i o n  a nd  a l l o c a t e d  t o  a  t e a m 
ma n a g e d  b y  a  s e n i o r  ma n a g e r .  T h i s  t e a m i s  c o - l o c a t e d  a n d  c a n  ma k e  
i t s  own  ru l e s  and  de f ine  i t s  own  p r o c e s s e s .  Th e  b i g g e s t  s t r e n g t h  o f  
t h e  t e a m  i s  fo c u s .  T h i s  t ea m i s  o f t e n  c a l l e d  a  ‘ t i ge r  t e a m’ .  In  t h i s  
t e a m,  c r o s s - f u n c t i o n a l  i n t e g r a t i on  and  commun ica t i on  i s  no t  a  
p r o b l e m.  T h e  t e a m i s  w e l l - s u i t e d  f o r  N P D .  T h e  d i s a d v a n t a g e  
a s s o c i a t ed  w i t h  t h e  t e a m i s  t h a t  i t  i s  d i f f i c u l t  t o  c o n t r o l  t h e  t e a m.  
C a r e  mus t  b e  t a ken  t o  g i v e  t h e  t ea m  c l e a r  g u i d e l i n e s .  M a n y  o f  t h e s e  
t e a ms  g o  o n  t o  b e c o me  n e w  b u s i n e s s  u n i t s  a n d  p o s s i b l y  n e w a n d  
a u t o n o mo u s  c o mp a n i e s .  T h i s  t y p e  o f  t e a m s t r u c t u r e  i s  t h e r e f o r e  t h e  
m o s t  u s e f u l  t o  u s e  a s  a  p o s s i b l e  g u i de  f o r  a  s t a r t - u p  f i r m .  I n  a  s t a r t -
u p  f i r m  t h e  e n t i r e  o r g a n i s a t i o n  i s  on  t h e  t e a m .  T h e  t e a m h a s  b e e n  
h a n d  p i c ke d  a n d  e v e r y o n e  s ha r e s  t h e  v i s i o n  t o  s u c c e e d .  T h e  me m b e r s  
o f  t h e  t e a m a r e  f r e e  t o  d e f i ne  p r o c e sse s  a n d  s t r u c t u r e s  a s  t h e y  see  f i t .  
A t  t h i s  po i n t  p e o p l e  a r e  a b l e  t o  t a ke  o w n e r sh i p  o f  t he  c o mp a n y  a nd  
t h e  p r o d u c t s .   
 
Th i s  howeve r ,  i s  a  doub l e - edged  sword .  Fa i l u r e  i s  more  f i na l  t han  i n  
a  b i g  w e l l - e s t a b l i s h e d  s t r u c t u r e .  T he  c o r r e c t  d e c i s i o n s  h a v e  t o  b e  
ma d e  a s  t h e  s t a r t - u p  d o e s  n o t  h a v e  a  l o t  o f  l e v e r a g e  w h e n  s o me t h i n g  
g o e s  w r o n g .  O n e  c a t a s t r o p h i c  e v e n t  c o u l d  s p e l l  t h e  e n d  o f  t h e  
v e n t u r e ;  t h e r e  i s  v e r y  l i t t l e  t i me  fo r  t r i a l  a n d  e r r o r .   
 
T h e  s t a r t - u p  a l s o  h a s  t o  kee p  i n  mi n d  w h a t  w i l l  h a p pe n  t o  t h e  t e a m 
o n c e  t h e  f i r s t  p l a t f o r m p r o d u c t  i s  o u t  a n d  t h e  n e x t  g e n e r a t i o n  p r o d u c t  
ha s  t o  be  deve loped .  A t  t h i s  po in t  t h e  c o mp a n y  u n d e r g o e s  a  ma j o r  
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s h i f t  i n  n e e d .  T h e  p r o d u c t  i n  t h e  f i e l d  h a s  t o  b e  s u p p o r t e d  w h i l e  t h e  
n e w  p r o d u c t  h a s  t o  b e  d e v e l o p e d .  T he  w h o l e  c o mp a n y  i s  n o t  w o r k i n g  
t o w a r d s  t h e  s a me  s i n g l e - mi n d e d  g o a l  a n y mo r e .  T h e  c o mp a n y  m o v e s  
t o w a r d s  a  fu n c t i on a l  s t r u c tu r e .  A c co rd ing  t o  Whee lwr igh t  and  C la rk  
( 1 9 9 2 : 1 9 7 )  t h e  t e c h n o l o g y  t h e  c o m p an y  d e a l s  i n  i n f l u e n c e s  h o w  l o n g  
i t  w i l l  b e  a b l e  t o  ha v e  a  p r od u c t  w i t h  o n l y  i n c r e me n t a l  c h a n g e s  i n  i t s  
c u r r e n t  p r o d u c t  l i n e .  I n  a  h i g h - t e c hno logy  env i ronmen t  t he  need  fo r  a  
t i g e r  t e a m t h a t  d e v e l o p s  b r e a k t h r o u g h  p l a t f o r m p r o d u c t s  h a s  t o  b e  
o f f s e t  w i t h  f u n c t i o n a l  t e a ms  t ha t  b u i l d  p r o d u c t s  f r o m e x i s t i n g  
p l a t f o r ms  a n d  s u p p o r t  c u r r e n t  p r o d u c t s  i n  t h e  f i e l d .  
 
2 .13 .  K n o wl e d g e  m a n a g e m e n t .  
 
T h e  t r a n s f e r r a l  o f  k n o w l e d g e  b e t w e e n  peop l e  and  t he  r e t en t i on  o f  
k n o w l e d g e  h a s  b e e n  d e f i n e d  i n  va r i ous  s t ud i e s  by  Numa ta   
( 1 9 9 6 : 3 6 1 ) ,  D a v e n p o r t  e t  a l  ( 1998 :45 )  and  o the r s  a s  a  c r i t i c a l  succes s  
f a c t o r .   T h e  p o s t u l a t i o n  i s  t h a t  t h e  mo r e  a  p e r s o n  d o e s  a  t a s k  t h e  
b e t t e r  h e / s h e  g e t s  a t  d o i ng  t h e  t a sk .   I n t u i t i v e l y  t h i s  p o s t u l a t i o n  
ma k e s  p e r f e c t  s e n s e .  Wi t h  t h e  ‘ ca p a b i l i t y  ma t u r i t y  mo d e l ’  D R M  
a s s o c i a t e s  ( 2 0 0 2 )  i d e n t i f i e s  t h e  c yc l e s  t ha t  a  p roduc t / p roces s  ha s  t o  
go  t h rough  be fo r e  r e a l  unde r s t and ing  o f  i t  i s  a c h i e v e d .  T h e  l e v e l s  a r e  
d e f i n e d  a s :  i n i t i a l  ,  r e p e a t ab l e  ( p r oce s se s  e s t ab l i shed ) ,  de f i ned  ( cos t ,  
s c h e d u l e ,  r e q u i r e me n t s  u n d e r  c on t r o l ) ,  ma n a g e d  ( d e v e l o p me n t  
p r o c e s s  i s  p r e d i c t a b l e )  a n d  o p t i mi s e d .  A t  t h e  o p t i mi s e d  l e v e l  
k n o w l e d g e  i s  s h a r e d  f r e e l y  a n d  t h e  w h o l e  o r g a n i s a t i o n  i s  f o c u s e d  o n  
i mp r o v e m e n t .  
 
I n d i v i d u a l s  i n  t h e  o r g a n i s a t i o n  g a in  t a c i t  knowledge  on  t he  p ro j ec t  
t h e y  w o r k  o n .  U n l e s s  t h e  s a me  p e r s o n  c o n t i n u o u s l y  w o r k s  o n  t h e  
s a me  p r o j e c t  s o me  k n o w l e d g e  w i l l  b e  l o s t  i f  s o me b o d y  e l s e  d o e s  t h e  
s a me  t y p e  o f  t a s k  t h e  n e x t  t i me  a r o u n d .  T h e  c h a l l e n g e  t o  t h e  
o r g a n i s a t i o n  i s  t o  c h a n g e  t h e  i n d i v i d u a l ’ s  t a c i t  k n o w l e d g e  i n t o  
o rgan i s a t i ona l  knowledge  (Cros s  200 0 : 7 0 ) .  The  d e v e l o p me n t  t e a m a s  
a  w h o l e  h a s  t o  l e a r n  f r o m t h e  e x p er i e n c e  o f  i n d i v i d u a l s .  C o n v e r s e l y ,  
t h e  t e a m  mus t  b e  a b l e  t o  g u i d e  i n e x p e r i e nc e d  me m b e r s  w i t h  t h e  
t e a m’ s  k n o w l e d g e .  F o r  a  t e a m t o  h ave  knowledge  i t s  me mber s  have  t o  
l e a r n  t o  c o m mu n i c a t e  t h e  c o r r e c t  i n fo r ma t i o n  t o  t h e  r e s t  o f  t h e  
c o mp a n y .  T h e  p r oc e s s e s  w i t h i n  t h e  c o mp a n y  h a v e  t o  f a c i l i t a t e  t he  
l e a r n i n g  p r o c e s s .   
 
T h e  i n d i v i d u a l ’ s  t a c i t  a n d  e x p l i c i t  k n o w l e d g e  mu s t  b e  b u i l t  u p  
t h r o u g h  e x p e r i e n c e  a n d  t r a i n i n g .  R e g u l a r l y  s c h e d u l e d  r e v i e w s  o f  t h e  
p e r f o r ma n c e  o f  t h e  d e v e l o p me n t  t e a m  mu s t  b e  h e l d .  Th i s  i n f o r ma t i o n  
i s  u s e d  t o  mo d i f y  t h e  p r o d u c t  d e v e l o p me n t  p r o c e s s  i t s e l f .  P e e r -
r e v i e w s  a r e  h e l d  t o  i l l i c i t  i n p u t  f r o m t e a m me mb e r s  o n  t e c h n i c a l  
i s s u e s ,  t y p i c a l l y  a  d e s i g n  r e v i e w .  D a t a b a s e s  s h o u l d  b e  r e p o s i t o r i e s  o f  
k n o w l e d g e  i . e . :  me t h o d o l o g i e s ,  t o o l s ,  b e s t  p r a c t i s e  e x a mp l e s  a n d  
o n l i n e  c o m m u n i c a t i o n .  
 
To  ach i eve  a  h ighe r  l eve l  o f  p r oce s s  ma tu r i t y  on  a  company-wide  
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s c a l e ,  d a t a  h a s  t o  b e  ma n a g e d  s o  t h a t  t h e  o r g a n i s a t i o n  l e a r n s  f r o m 
p a s t  e x p e r i e n c e s .  T h e  c r e a t i o n  o f  t h e  c o mpa n y - w i d e  k n o w l e d g e  b a s e  
h a s  t o  b e  c o r r e c t l y  ma n a g e d .  D a v en p o r t  e t  a l  ( 1 9 9 8 :43 )  i den t i f i ed  
e i g h t  s u c c e s s  f a c t o r s  f o r  a  k n o w l e d g e  ma n a g e me n t  p r o j e c t .  
  
F i r s t l y ,  i t  mu s t  b e  l i n k e d  t o  e c o n o mi c  p e r f o r ma n c e  o r  i n d u s t r y  v a l u e .  
T h e  mos t  i mp o r t a n t  f a c t o r  s h o w s  u p  o n  t h e  n e t  p r o f i t  o f  t h e  c o m p a n y .  
An  exa mple  o f  t h i s  i s  e f f e c t i v e  l i c e n s i n g  o f  p a t e n t s .   
 
N e x t  i s  t e c h n i c a l  a n d  o r g a n i s a t i o n a l  i n f r a s t ru c t u r e .  I f  t h e  k n ow l e d g e  
p ro j ec t  u se s  t he  b roade r  company  i n f r a s t ruc tu r e  and  t e c h n o l o g y  i t  i s  
more  l i ke ly  t o  succeed .  
 
A  s t anda rd ,  f l ex ib l e  knowledge  s t r uc t u r e  mu s t  b e  i mp l e me n t e d .  T h e  
k n o w l e d g e  r e p o s i t o r y  mu s t  h a v e  t h e  c o r r e c t  s t r u c t u r e  so  t ha t  i t  i s  
e a s y  t o  ex t r a c t  i n fo r ma t i o n  f r o m t h e  s t r u c t u r e .  
 
A  k n o w l e d g e - f r i e n d l y  c u l t u r e  mu s t  b e  b u i l t .  T h e  c o m p a n y  h a s  t o  
r e w a r d  a n d  e n c o u r a g e  t h e  g e n e r a t i on  o f  i nnova t i ve  i dea s .  Employees  
m u s t  b e  mo t i v a t e d  t o  c o n t r i b u t e  t o  t h e  s y s t e m  v i a  l o n g - t e r m 
i n c e n t i v e s .  
 
A t  t he  onse t  o f  t he  knowledge  ma nag e me n t  p r o j e c t  t h e  c o mp a n y  m u s t  
c l e a r l y  i d e n t i f y  t h e  g o a l s  o f  t h e  p r o j ec t  and  i den t i f y  wha t  ‘ knowledge  
ma n a g e m e n t ’  me a n s  t o  t h e  c o mpa n y .  
 
M u l t i p l e  c h a n n e l s  f o r  k n o w l e d g e  t r a ns f e r  mu s t  b e  d e f i n e d .  V a r i o u s  
t o o l s  ( i n t e r n e t ,  d a t a b a s e ,  e - ma i l  e t c )  a r e  u sed  t o  con t r i bu t e  t o  t he  
k n o w l e d g e  p r o c e s s .  
 
S e n i o r  ma n a g e me n t  mus t  p r o v i d e  t he  funds  and  r e sou rce s  t o  p rope r ly  
s u p p o r t  t h e  p r o j e c t .   
 
T h e  p r e v i o u s l y - me n t i o n e d  p o i n t s  i d e n t i f y  t h e  ne e d  t o  ma n a g e  
i n f o r ma t i o n  a n d  t h e  n e e d  t o  c o o r d i n a t e  t h e  i mp l e me n t a t i o n  o f  a  
company  w ide  p roce s s .  The  nex t  s t ep  i s  t o  a c t u a l l y  l o o k  a t  s o me  o f  
t h e  t o o l s  a v a i l a b l e  t o  ma n a g e  t h e  d i f f e r e n t  p r o c e s s e s .  A c c o r d i n g  t o  
E l l i o t  ( 2 0 0 2 ) ,  N P D  i n f o r ma t i o n  h a s  f o u r  d i m e n s i o n s :  w e l l -
d o c u me n t e d  N P D  p r o c e s s ,  p r o j e c t  ma n a g e me n t ,  i n f o r m a t i o n  
ma n a g e m e n t  a n d  c o l l a b or a t i o n .  T h i s  t i e s  u p  w i t h  t h e  e i g h t  s u c c e s s  
f a c t o r s  u s e d  t o  d e f i n e  w h i c h  s p e c i f i c  a r e a s  k n o w l e d g e  h a s  t o  b e  
ma n a g e d  i n .  T h e  e i g h t  f a c t o r s  p r ov i d e  a  gu i d e l i n e  a s  t o  how  t h e  
o v e r a l l  g a t h e r i n g  o f  k n o w l e d g e  mu s t  b e  ma n a g e d .  
 
V a r i o u s  t o o l s  a r e  a v a i l a b l e  t o  ma n a g e  t h e  N P D  p r o c e s s .  S o me  
s o l u t i on s  o f f e r  a n  a l l - i n c l u s i ve  s o l u t i on  w h e r e  t h e  c om p a n y  
i mp l e me n t s  t h e  N PD  p r o c e s s  t h a t  v e ndo r  o f  t he  t oo l s  u se s .  A  t oo l  i n  
t h i s  c a t ego ry  i s  Sopheon :  i t  imp leme n t s  a  s t age -ga t e  p roce s s  
( S o p h e o n   2 0 0 2 ) .  O t h e r  t o o l s  a r e  mo r e  f l ex ib l e  and  l e t  t he  u se r  
c o n f i g u r e  t h e  p r oce s s .  A  t oo l  i n  t h i s  c a t e g or y  i s  P r o j e c t  N e t  ( P ro j e c t  
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N e t  2 0 0 2 ) .   
 
PACE,  o r  p roduc t  l i f e  cyc l e  exce l l ence  i s  a  p roce s s  whe reby  t he  NPD 
p r o c e s s  i s  e v a l u a t e d  c o n t i n u o u s l y  t o  e n s u r e  t h a t  t h e  c o r r e c t  p r o d u c t  
i s  d e v e l o p e d  mo s t  e f f e c t i v e l y .  I DE o f f e r s  p r o d u c t s  t o  s u p p o r t  t h e  
P A C E  p r o c e s s  ( I n t e g r a t e d  D e v e l o p me n t  E n t e r p r i s e s  2 0 0 2 ) .  
 
N P D  p r o j e c t  ma n a g e me n t  c o n t r o l s  a n d  me a s u r e s  t h e  p ro c e s s :  
 

•  T h e s e  t oo l s  a r e  us e f u l  t o  c o n t r o l  t he  u sua l  p ro j ec t  ma nageme n t  
a c t i v i t i e s  ( g a n t t  c ha r t s ,  c r i t i c a l  p a t h s ,  r e s o u r ce  a l l o ca t i on ,  w o r k  
b r e a k d o w n  s t r u c t u r e s  e t c . ) .  T y p i c a l  p r o d u c t s  i n c l u d e ;  M i c r o s o f t  
P r o j e c t ,  P r o j e c t  S c h e d u l e r ,  S u r e T r a k  e t c  T h e  t h e o r y  o f  
c o n s t r a i n t s  ( T O C )  i s  a  r e l a t i v e l y  n e w  t h e o ry  t h a t  e x t e n d s  t h e  
c r i t i c a l  pa th  t o  a  c r i t i c a l  cha in  (Go ld ra t t  1997 :34 )  t ha t  i nc ludes  
r e sou rce  cons t r a in t s  i n  t he  de f i n i t i on  o f  NPD r i sk s .  P roCha in  
o f f e r s  a  s e t  o f  t o o l s  t h a t  e x t e n d s  M i c r o s o f t  P r o j e c t  t o  a d d  
c r i t i c a l  c h a i n  s c h e d u l i n g .  

 
•  T h e  n e x t  v e r s i o n  o f  t h e s e  t o o l s  h e l p s  t h e  p r o j e c t  l e a d e r  t o  

ma n a g e  t h e  p r o j e c t  s c h e d u l i n g  a c r o s s  t h e  I n t e r n e t .  T h e  n e e d  t o  
ma n a g e  g e o g r a p h i c a l l y  d i s p e r sed  deve lopmen t  g roups  ha s  
a l w a y s  b e e n  t h e r e .  T h e  i n t e r n e t  p r o v i d e s  t h e  c a p a b i l i t y  t o  
ma n a g e  t h e s e  g r o u p s  mo r e  e f f e c t i v e l y .   

 
I n f o r ma t i o n  ma n a g e me n t  t o o l s :  
 

•  Any  p roduc t  ha s  a  s e t  o f  r equ i r eme n t s  t o  con fo r m to .  The  
r e q u i r e m e n t s  c a n  b e  i n t e r n a l  t o  t h e  c o mp a n y  ( a l t h o u g h  t h e  
s o u r c e  o f  t h e  r e q u i r e me n t  i s  s t i l l  i t s  c u s t o me r s )  o r ,  mo r e  o f t e n  
t h a n  n o t ,  f r o m a n  e x t e r n a l  so u r c e  ( a  s t a n d a r d s  b o d y ) .  I t  i s  
i mp o r t a n t  t o  ma n a g e  t h e  r e q u i r eme n t s  a n d  r e l a t e  r e q u i r e me n t s  
t o  t he  de s ign  documen ta t i on .   

 
•  A n  e l e c t r o n i c  d o c u me n t  ma n a g e me n t  ( E D M )  s y s t e m ( a l s o  k n o w n  

a s  a  P r o d u c t  D a t a  M a n a g e m e n t  ( P D M)  s y s t e m)  t h a t  h e l p s  w i t h  
d o c u me n t  r e t r i e v a l ,  h a s  a n  i n t e g r a t e d  d a t a b a s e ,  i mp l e me n t s  a  
c h a n g e  c o n t r o l  s y s t e m a n d  d o es  v e r s i o n  c o n t r o l  i s  r e q u i r e d  
( S p r a g u e  1 9 9 7 ) .  T h e s e  c o n f i g u r a t i o n  ma n a g e me n t  ( C M )  i s s u e s  
b e c o me  e v e n  mo r e  c r i t i c a l  w h e n  t h e  p r o d u c t  i s  d e l i v e r e d  t o  t h e  
c l i e n t .  Th e  E D M  s y s t e m h e l p s  b y  i mp r o v i n g  t h e  p u b l i c a t i o n  
p r o c e s s  ( u s e r  ma n u a l s ) ,  i mp r o v i n g  b u s i n e s s  p r o c e s s ,  i m p r o v i n g  
c o m m u n i c a t i o n  a n d  l e v e r a g i n g  o r g an i s a t i o n a l  me m o r y  ( S p r a g u e   
1997 :51 ) .  

 
•  W o r k f l o w  s y s t e ms  o f f e r  i n t e g r a t i o n  b e t w e e n  r e q u i r e me n t s ,  

d e s i g n  a n d  c h a n g e  r e q u e s t s ,  t a sk s ,  and  con f igu ra t i on  
ma n a g e m e n t .  Wo r k f l o w  s y s t e ms  a r e  i n s t a l l e d  a c r o s s  a n  
e n t e r p r i s e  a n d  w o r k  f r o m a  c e n t r a l  d a t a b a s e .  A l l  p r o c e s s e s  t h a t  
w e r e  p r e v i o u s l y  p a p e r  d r i v e n  a r e  n ow  c o mp u t e r - b a se d  w i t h  t h e  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  KKooeekkeemmooeerr,,  PP    ((22000055))  



 31

e f f e c t  t ha t  c ha n g e s  a r e  i mme d i a t e l y  v i s i b l e  a c r o s s  a l l  a f f e c t e d  
a r e a s .  I n  t h e  N P D  e n v i r o n me n t  t h i s  w o r k f l o w  p r o c e s s  i s  k n o w n  
a s  P L M  o r  p r o d u c t  l i f e - c y c l e  ma n a g e me n t  s o f t w a r e .  

 
•  Produc t s  i n  t h i s  c a t ego ry  a r e  DOORS f rom Te l e log i c  (Te l e log i c  

2002 )  and  Crad l e  f r om 3SL  (3SL  2002 ) .  Wi th  t he  he lp  o f  a  
d a t a b a se  a l l  spe c i f i c a t i o n s  d o c u me n t s  a n d  r e qu i r e me n t  
d o c u me n t s  a r e  p l a c e d  i n  a  c e n t r a l  da t abase  f rom whe r e  t hey  a r e  
a c c e s s i b l e .   

 
C o l l a b o r a t i o n  t o o l s  h e l p  w i t h  t h e  c o m m u n i c a t i o n  p r o c e s s .  
 

•  W h e n  g r o u p s  a r e  g e o g r a p h i c a l l y  d i s p e r s e d  t h e y  n e e d  t o  b e  a b l e  
t o  c o m mu n i c a t e  v i s u a l l y .  The  i n t e r ne t  i s  t h e  ma i n  f a c i l i t a t o r  i n  
t h i s  v i r t ua l  me e t i ng  p r o c e s s .  I t  h a s  a l s o  b e c o m e  mo r e  c r i t i c a l  t o  
commun ica t e  w i th  supp l i e r s ,  vendo rs  and  sub -con t r ac to r s ,  no t  
on ly  o the r  bus ine s s  un i t s  o f  t h e  c o mp a n y ,  t h r o u g h o u t  t h e  
p r o j e c t .  T o o l s  i n  t h i s  c a t eg o ry  a r e  N e t me e t i n g  f r o m M i c r o s o f t  
(Mic roso f t  2002 )  and  WebeX’ s  M e e t i n g  M a n a g e r  ( We b e X  
2 0 0 2 ) .  W i t h  t h e s e  t o o l s  r e a l - t i me  me s s a g i n g  a n d  f i l e s  c a n  b e  
s h a r e d  a nd  v i e w e d .   

 
2 .14 .  R e s o u r c e  m a n a g e m e n t  
 
T h e  e n g i n e e r i n g  ma n a g e r  h a s  t o  m a n ag e  t h e  e n g i n e e r s  e f f e c t i v e l y  s o  
t h a t  p r o du c t i v i t y  c a n  i n c r ea s e .  T h e  s u c c e s s  o f  d e v e l o p me n t  d e p e n d s  
o n  c r e a t i v e ,  e n t h us i a s t i c  p e o p l e .  T h i s  i s  e v e n  mor e  t r u e  i n  a  s t a r t - u p  
e n v i r o n me n t .  T h e  s t a r t - u p  a s k s  e mp l o ye e s  t o  g i v e  a  l o t  mo r e  o f  t h e i r  
t i me  a n d  e n e r g y  t o  t h e  c om p a n y  t h a n  t h e  a v e r a g e  n in e  t o  f i ve  b i g  
b u s i n e s s  d o e s  ( B a i r d  1 9 9 5 : 2 8 ) .  T h i s  t en d s  t o  p l a c e  e n o r mo u s  s t r e s s  
on  t he  peop l e  i nvo lved  and  on  t he i r  pe r sona l  l i ve s .  The i r  env i ronmen t  
a t  work  shou ld  no t  add  t o  t he  n u me r o u s  t e c h n i c a l  c h a l l e n g e s .   
 
I n  a  s t u d y  b y  H a n s  T h a mh a i n  ( 1 9 8 3 : 2 3 2 )  t h e  f o l l o w i n g  f a c t o r s  w e r e  
i d e n t i f i e d  a s  t h e  m o s t  i mp o r t a n t  i n f l u e n c e s  o n  j o b  s a t i s f a c t i on  ( i n  
d e s c e n d i n g  o r d e r  o f  i mp o r t a n c e ) :  
 

•  I n t e r e s t i ng  and  cha l l eng ing  work  
•  P r o f e s s i o n a l l y  s t i m u l a t i n g  e n v i r o n me n t  
•  Pro fe s s iona l  g rowth  
•  O v e r a l l  l e a d e r s h i p  
•  T a n g i b l e  r e w a r d s  
•  Techn ica l  expe r t i s e  
•  A s s i s t a n c e  i n  p r o b l e m s o l v i n g  
•  C l e a r l y  d e f i n e d  o b j e c t i v e s  
•  M a n a g e m e n t  c o n t r o l  
•  J o b  s e c u r i t y  
•  S e n i o r  m a n a g e me n t  s u p p o r t  
•  Good  in t e rpe r sona l  r e l a t i ons  
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•  P r o p e r  p l a n n i n g  
•  Clea r  r o l e  de f i n i t i ons  
•  O p e n  c o m m u n i c a t i o n  
•  M i n i mu m  c h a n g e s  

 
I t  i s  c l e a r  f r o m  t h e  a b o v e  l i s t  t ha t  m a n a g e me n t ;  p a r t i u l a r l y  t h e  C E O ,  
ha s  a  s t r ong  i n f l uence  ove r  t he  needs  o f  t h e  e n g i n e e r s .  T h e  s t r a t e g y  
o f  t h e  c o m p a n y ,  t h e  s u p p o r t  o f  ma n a g e me n t  f o r  t h e  p r o j e c t s  a n d  t h e  
p r o d u c t  d e v e l o p m e n t  p r o c e s s  f o l l o we d  a l l  p l ay  a  pa r t  i n  c r ea t i ng  a  
w i n n i n g  e n v i r o n me n t .   
 
R o u s s e l  e t  a l  ( 1 9 9 1 : 1 7 3 )  s u g g e s t s  t ha t  t he  company  mus t  p l an  t he i r  
r e s o u r c e  n e e d s  o n  a  f i v e  t o  t e n  y e a r  h o r i z o n .  I n  a  s t a r t - u p  t h i s  w o u l d  
o b v i o u s l y  b e  v e r y  d i f f i c u l t ;  n o n e t h e l e s s  t h e  e n g i n e e r ’ s  n e e d s  m u s t  
f a l l  i n t o  p l a c e  w i t h  t h o s e  o f  t h e  c o m p a n y .  T e c h n i c a l  p r o w e s s  s h o u l d  
n o t  b e  t h e  o n l y  t r a i t  c o n s i d e r e d  w he n  e v a l ua t i n g  a  new  e n g i n e e r i n g  
c a n d i d a t e .  T h e  i n d i v i d u a l ’ s  r o l e  i n  t he  t e a m i s  i mp o r t a n t  i n  o r d e r  fo r  
t e am ba l ance  t o  be  ach i eved .  The  e x p e r t s  f o u n d  t h a t  t h e  f o l l o w i n g  
f a c t o r s  g r e a t l y  i n f lu e n c e  t eam mo r a l e :  
 
F i r s t l y ,  p r o d u c t i v i t y  i s  l i n k e d  t o  a  s ense  o f  pa r t ne r sh ip  w i th  t he  
e n t e r p r i se .  
  
S e c o n d l y ,  mo r a l e  i s  a  p r o d u c t  o f  do ing  cha l l eng ing  work  i n  a  
r e w a r d i ng  e n v i r o nme n t .  
 
F i n a l l y ,  c h a l l e n g i n g  w o r k  i s  d e r i v e d  f r o m  me a n i n g f u l  t a r g e t s  a n d  
r e juvena t i ng  va r i e t y .  
 
 
2 .15 .  C o n c l u s i o n s  a n d  f u r t h e r  a n a l y s i s .  
 
 
 
T h i s  c h a p t e r  i d e n t i f i e d  a  n um b e r  o f  i m p o r t a n t  c o n c e p t s  t o  b e  u s ed  i n  
t h e  r e s e a r c h  f o r  t h i s  d i s s e r t a t i o n .  F i r s t l y ,  t h e  c o n c e p t  o f  b e s t  p r a c t i s e  
c a t ego r i e s  and  t he  evo lu t i on  o f  t he se  c a t e g o r i e s  o v e r  t he  yea r s  have  
b e e n  d e s c r i b e d .  The  b e s t  p r a c t i s e  c a t e g or i e s  i d e n t i f i e d  b y  D o o l e y   
( 2 0 0 2 : 2 0 )  w i l l  be  u s e d  e x t e n s i v e l y  i n  t h e  r e s t  o f  t h e  d i s s e r t a t i o n  t o  
d e f i n e  a  f r a me w o r k  u p o n  w h i c h  q u e s t i o n s  w i l l  b e  p r e s e n t e d  a n d  
a n a l y s i s  w i l l  b e  do n e .   
 
D o o l e y  ( 2 0 0 2 )  h a s  b e e n  c h o s e n  b e c a u s e  i t  i n c o r p o r a t e s  w o r k  d o n e  i n  
p r e v i o u s  s t u d i e s .  I n  p a r a g r a p h  2 . 5 ,  t h e  e v o l u t i o n  o f  b e s t  p r a c t i s e  
s t u d i e s  s t a r t i n g  wi t h  B o o z ,  A l l e n  a n d  H a m i l t o n ’ s  i n i t i a l  w or k  i s  
s h o w n .  M o s t  i mp o r t a n t l y ,  D o o l e y  q u a n t i f i e s  h i s  r e s u l t s .  T h e s e  r e s u l t s  
w i l l  b e  c o mp a r e d  w i t h  t h e  r e s u l t s  f r o m t h i s  s t u d y .  I t  w i l l  a l so  b e  
s h o w n  t h a t  b y  u s i n g  t h e  D o o l e y  s u r v e y  a s  a  p a t t e r n ,  t h e  d a t a  
c o l l e c t e d  c a n  b e  c o mpa r e d  a g a i n s t  t he  s u r v e y  a n d  t h e re b y  i t s  i n t e r n a l  
v a l i d i t y  w i l l  b e  s t r e n g t h e ned .       
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T h e s e  s t u d i e s  i n c l u d e  t h e  d i f f e r e n t  c a t ego r i e s  de f i ned  by  Doo ley   
( 2 0 0 2 : 2 0 )  a n d  w i l l  b e  d e s c r i b e d  i n  m o r e  d e t a i l  i n  t h e  n e x t  c h a p t e r .   
 
I n  c h a p t e r  4  t he  r e se a r c h  q u e s t i ons  a r e  f o rmu la t ed .  De t a i l ed  
i n f o r ma t i o n  g i v e n  i n  c h a p t e r  3  w i l l  c l a r i f y  t he  ques t i ons  a sked  i n  
chap t e r  4  and  g ive  t he  r eade r  a  good  backg round  t o  d r aw  f rom when  
ana ly s i s  o f  t he  r e su l t s  i s  pe r fo rme d .  
 
F r o m  t h e  r e v i e w  o f  t h e  l i t e r a t u r e  i t  w a s  f o u n d  t h a t  t h e s e  b e s t  p r a c t i se  
c a t e g o r i e s ,  a n d  o t h e r  t o o l s  a n d  t ec h n i q u e s ,  a r e  n o t  s p e c i f i ca l l y  
f o r mu l a t e d  f o r  a  s t a r t - u p  c o m p a n y .  A s  s t a t e d  a t  t h e  e n d  o f  c h a p t e r  1 ,  
i t  i s  t h e  g o a l  o f  t h i s  d i s s e r t a t i on  t o  f i nd  ou t  whe the r  a  d i f f e r ence  
e x i s t s  be t w e e n  b es t  p r a c t i s e  me t h o d s  fo r  s t a r t - u p  co mp a n i e s  a n d  
t h o s e  o f  e s t a b l i s h e d  c o mp a n i e s .  
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3 .  Theoret ical  Framework 
 
3 .1 .  I n t r o d u c t i o n  
 
T h i s  c h ap t e r  p re se n t s  t h e  c u r r e n t  t h e o r y  w h i c h  i s  d i r e c t l y  a p p l i c a b l e  
t o  t h e  r e s e a r c h  t o  b e  d o n e .  W h i l e  c h a p t e r  2  g a v e  a  w i d e - r a n g e  r e v i e w 
a n d  h i s t o r y  o f  c u r r e n t  t h e o r y ,  t h i s  c h a p t e r  w i l l  d i s c u s s  e v e r y  c a t e g o r y  
and  t oo l  t o  be  u sed  when  de s ign ing  t h e  r e s e a r c h  i n s t ru me n t .  I n  t h i s  
c a s e  t h e  r e s e a r ch  i n s t r ume n t  t o  b e  u se d  i s  t h e  i n t e rv i e w  
q u e s t i o n n a i r e .  
 
F i r s t ,  be s t  p r a c t i s e  c a t e g or i e s  a s  de f i ned  by  Doo ley  (2002 :20 )  w i l l  be  
d e s c r i be d .  L a t e r ,  w h e n  fo r m u l a t i n g  t h e  r e sea r c h  q ue s t i o n s ,  t h e  b e s t  
p r a c t i s e  c a t e g or i e s  w i l l  be  u s e d  d i r e c t l y .  I t  i s  t h e r e fo r e  n e ce s sa r y  t o  
c l e a r l y  de sc r i be  and  de f i ne  wha t  i s  e mb o d i e d  i n  e ach  be s t  p r ac t i s e  
c a t e g or y .   
 
S e c o n d ,  a  c o mpa n y  e v a l u a t i o n  t e c h n iq u e  d e f i n e d  b y  B e l l  i s  d e s c r i b e d  
i n  t he  s econd  pa r t  o f  t h i s  chap t e r .  T h i s  me t h o d  w i l l  b e  mo d i f i e d  s o  
t h a t  t he  r e s e a r c h  q u e s t i o n s  a s k e d  w i l l  b e  r e l e va n t  t o  t h e  s p e c i f i c  l i f e  
c y c l e  p h a s e  o f  t h e  c o mpa n y .  
 
3 . 2 .  C u r r e n t  t h e o r y  
 
Dooley  (2002 :20 )  sugges t ed  t ha t  be s t  p r ac t i s e  a c t i v i t i e s  cou ld  be  
g r o u p e d  i n  s p e c i f i c  c a t e g o r i e s .  T h e se  c a t e g o r i e s  w i l l  l a t e r  b e  us e d  t o  
d e f i n e  e v a l u a t i o n  q u e s t i o n s .  T o  fu l l y  unde r s t and  t he  be s t  p r ac t i s e  
q u e s t i o n s ,  b a c k g r o u n d  i n f o r ma t i o n  o n  e a c h  c a t e g o r y  d e f i n e d  b y  
D o o l e y  i s  g i v e n .    
 
3 .2 .1 .  C u s t o m e r  i n v o l v e m e n t  
 
 
T h e  f i r s t  t h r e e  s t a g e s  o f  t h e  d e v e l o p me n t  p r o c e s s ,  a c c o r d i n g  t o  
C o o p e r  ( 2 0 0 1 : 1 3 0 ) ,  a r e :  t he  d i s cove ry  phase ,  t he  s cop ing  phase  and  
b u i l d i n g  t h e  b u s i ne s s  c a se  p h a s e .  The  c u s t ome r  mus t  b e  i n v o l v e d  i n  
a l l  t h e se  p h a s e s  s o  t h a t  t h e  c o mp a n y  c a n  d e l i ve r  a  s u p e r i o r  p r o du c t .  
G a t i n g  me e t i n gs  a r e  h e l d  be t w e e n  a l l  t h e  p h as e s  i n  o rd e r  t o  s c r e e n  
i d e a s .  
 
The  f i r s t  phase  o r  d i s c o v e r y  pha se  does  no t  t ake  l o n g .  T h e  i d e a  i s  t o  
g e n e r a t e  a n d  i n ve s t i ga t e  a  mu l t i t ud e  o f  i d e a s .  V a r i o u s  t o o l s  a n d  
t e c h n i q ue s  a r e  a va i l a b l e  t o  c a p t u r e  t h e se  i d e a s .  O ne  s u c h  t o o l  i s  
v o i c e - o f - t h e - c u s t ome r  r e s e a r c h .  I d e a s ,  e i t h e r  f r o m t h e  c u s t o me r  i t s e l f  
o r  f r o m t e c h n o l o g y  d i s r u p t i o n s  i n  t he  c u s t o me r s  i n d u s t r y ,  h a v e  t o  b e  
cap tu r ed  and  ana ly sed .  Ano the r  u se fu l  t ec h n i que  i s  t o  w o r k  w i t h  l e a d  
u s e r s  w h o  a r e  o n  t h e  c u t t i n g  e d g e  o f  t e c h n o l o g y  a n d  n e w  p r o d u c t s  i n  
t h e  i n d u s t r y .   
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Af t e r  t he  i n i t i a l  i dea  s c r e e n i n g ,  t h e  s e c o n d  p h a s e  o r  scop ing  p h a s e  i s  
e n t e r e d .  Wh i l e  t he  f i r s t  p ha s e  i s  c om p l e t e d  i n  a  s h o r t  p e r i o d  o f  t i me  
u s i n g  l i mi t e d  r e s o u r c e s ,  t h e  s e c ond  phase  i s  more  t ho rough .  The  
s e c o n d  p h a s e  e n c o mpa s s e s  p r e l i mi n a ry  ma rke t - ,  t e chn i ca l - ,  bu s ine s s -  
a n d  f i n a n c i a l  a s s e s s me n t s .  T h e  c u s t o me r  g e t s  mor e  i n v o l v e d  i n  t h i s  
p h a s e .  W h i l e  a  l a r g e  c u s t o me r  b a s e  w a s  u s e d  i n  p h a s e  1 ,  i n  p h a s e  2  
t h e  c u s t ome r  b a s e  u s e d  f o r  i n t e r v i e w s  a n d  s i t e  v i s i t s  i s  m o r e  f o c u s e d .  
No  de t a i l ed  ques t i onna i r e s  a r e  r equ i r ed  ye t  bu t  f a ce - t o - f ace  
d i s c u s s i o n s  w i t h  k e y  c u s t o me r s  a r e  v e r y  u s e f u l .  I t  i s  i mp o r t a n t  t o  
s p e a k  w i t h  mor e  t h a n  o n e  p e r s o n  a t  t h e  e a c h  c o mpa n y  a s  d i f f e r e n t  
p e o p l e  h a v e  d i f f e r e n t  p e r s p e c t i v e s  o n  t h e  p r o b l e m.  A f t e r  a s s e s s i n g  
w h a t  t h e  c u s t o me r  w a n t s  a  t e c h n i c a l  f e a s i b i l i t y  s t u d y  h a s  t o  b e  d o n e .  
C u s t o me r  f e e d b a c k  c a n  n o w b e  u s e d  t o  p r o v i d e  s p e c i f i c  r e q u i r e m e n t s  
f o r  t he  p roduc t .  The  t e chn i ca l  r i sk s  and  f ea s ib i l i t y  o f  t he  p ro j ec t  c an  
n o w  b e  a s s e s s e d  be c a u s e  spe c i f i c  r e q u i r e me n t s  f o r  t h e  p r o d uc t  a r e  
n o w  a v a i l a b l e .  
 
I n  s t a g e  2  o r  t h e  b u s i n e s s  c a s e  b u i l d i n g  p h a s e ,  t h e  c u s t o me r ’ s  
k n o w l e d g e  b e c o me s  c r i t i c a l .  T h e  o u t p u t  o f  t h i s  p h a s e  i s  a  c o m p l e t e  
de sc r i p t i on  o f  t he  p roduc t .  A  supe r i o r  p roduc t  ha s  t o  be  de l i ve r ed ;  
o n e  t h a t  p r o v i d e s  u n i q u e  b e n e f i t s  a n d  v a l u e  t o  t h e  c u s t o me r  ( C o o p e r  
2001 :201 ) .  A  user -needs -and -wan t s  s tudy  c an  be  pe r fo rmed  t o  
a n s w e r  spe c i f i c  q u e s t i o n s .  T h e s e  q u e s t i on s  a r e :  w h a t  d o e s  t he  
c u s t o me r  c o n s i d e r  t o  b e  r e a l  v a l u e ,  w h a t  i s  a  b e n e f i t ,  a n d  w h i c h  
f e a t u r e s ,  a t t r i b u t e s ,  a n d  p e r f o r ma n c e  c h a r a c t e r i s t i c s  t r a n s l a t e  i n t o  
b e n e f i t s  a n d  v a l u e  f o r  t h e  c u s t o me r ?   
 
V a r i o u s  me t h o d s  a n d  t o o l s  c a n  b e  u s ed  t o  ga the r  t h i s  i n fo rma t ion .  
Focus  g roups  and  on - s i t e  i n t e rv i e w s  a r e  t w o  t e c h n i q u e s  f o r  
i n f o r ma t i o n  g a t h e r i n g .  S p e c i f i c  q u e s t i o n s  h a v e  t o  b e  a s k e d  s o  t h a t  t h e  
c o r r e c t  d a t a  i s  g a t h e r e d .  R o b e r t  Coope r  ( 2001 :190 )  sugges t s  t he  
f o l l o w i n g  1 0  q u e s t i o n s  t h a t  a  c u s t o me r  s h o u l d  b e  a s k e d :  

•  H o w  i s  t h e  c u s t o me r  c u r r e n t l y  s o l v i n g  i t s  p r o b l e ms ?   
•  W h a t  u n s o l v e d  p r o b l e ms  a r e  t h e  c u s t o me r  e x p e r i e n c i n g ?  
•  I f  t h e  c u s t o me r  h a d  a  c h o i c e ,  wh ich  p roduc t  o r  b r and  wou ld  t he  

c u s t o me r  b u y  n o w ?   
•  W h i c h  c r i t e r i a  doe s  t h e  c u s t o me r  u s e  w h e n  ma k i n g  a  b u y  

d e c i s i o n ?  H o w  d o  c u r r e n t  p r o d u c t s  r a t e  w i th  r ega rd  t o  t he se  
c r i t e r i a ?   

•  W h a t  d o e s  t h e  c u s t o me r  s p e c i f i c a l l y  l i ke  and  d i s l i ke  abou t  
cu r r en t  p roduc t s ?   

•  W h i c h  s p e c i f i c  f e a t u r e s ,  a t t r i b u te s  a n d  p e r f o r ma n c e  c r i t e r i a  i s  
t h e  c u s t o me r  l o o k i n g  f o r ?   

•  W h a t  t r a de - o f f  i s  t h e  c u s t ome r  p r e p a r e d  t o  ma k e ?   
•  W h a t  i s  t h e  c u s t o me r ’ s  u s e - s y s t e m f o r  t h e  p r o d u c t ?   
•  W h a t  i s  t h e  c u s t ome r ’ s  e c o n o mi c s?  

 
A f t e r  t h e  i n fo r ma t i o n  h a s  be e n  g a t h e r ed  i t  h a s  t o  be  ana ly sed .  A  t oo l  
t h a t  i s  h e l p fu l  fo r  a n a l y s i n g  s u c h  i n fo r ma t i o n  i s  a  H o u se  o f  Q u a l i t y  
( H O Q ) — s h o w n  b e l o w .  T h i s  ma t r i x  c o r r e l a t e s  t h e  n e e d s  o f  t h e  
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c u s t o me r ,  ( a s  d e t e r mi n e d  b y  ma r ke t i n g ) ,  w i t h  t h e  e n g i ne e r i n g  
c a p a b i l i t i e s  o f  t h e  c o mp a n y .  T h e  l e f t  h a n d  s i d e  o f  t h e  h o u s e  l i s t s  t h e  
n e e d s  o f  t h e  c u s t ome r  a c c o r d i n g  t o  t h e i r  i mp o r t a n c e  t o  t h e  c u s t ome r .  
T h e  r i g h t  h a n d  s i de  o f  t h e  ma t r i x  l i s t s  c o mpe t i n g  p r od u c t s  a n d  t h e  
c u s t o me r ’ s  p e r c e p t i o n  o f  t h e s e  p r o d u c t s ’  a b i l i t i e s  t o  s a t i s f y  t h e  
c u s t o me r ’ s  n e e d s .   
T h e  c u s t o me r ’ s  ne e d s  a r e  t r a n s l a t e d  i n t o  me a s u r a b l e  e n g i ne e r i n g  
u n i t s  i n  t h e  d e s i g n  a t t r i b u t e s  s e c t i o n .  I n  t h e  e n g i n e e r i n g  me a s u r e s  
b o x ,  t h e  c o mp e t i n g  p r o d u c t s  a r e  a n a l y s e d  a c c o r d i n g  t o  e n g i n e e r i n g  
u n i t s .  T h e  mi d d l e  o f  t h e  H O Q  i s  a  r e l a t i o n a l  ma t r i x  t h a t  j u d g e s  w h i c h  
d e s i g n  a t t r i b u t e s  i n f l u e n c e  w h i c h  c us tomer  needs .  The  roo f  o f  t he  
ma t r i x  s h o w s  t h e  i n t e r r e l a t i o n s h i p  o f  t h e  d e s i g n  a t t r i b u t e s  w i t h  o n e  
a n o t h e r .  
 
The  HOQ i s  one  way  o f  v i sua l i z i ng  t h e  r e l a t i on s h i p  b e t w e e n  c u s t o me r  
n e e d s  a nd  t h e  en g i n e e r i ng  c a p a b i l i t y .  T he  i mp o r t a n t  p o i n t  t o  
r e c o g n i s e  h e r e  i s  t h a t  t h e  p r o d u c t  h a s  d i f f e r e n t  i n p u t s  f o r  d i f f e r e n t  
r e q u i r e m e n t s .  T h e  r e q u i r e m e n t s  mu s t  b e  e x t e ns i v e l y  a na l y s e d  b e f o r e  
t h e  p r o d u c t  i s  d e s i g n e d .   
 
D u e  t o  t he  l i mi t e d  r e s o u rc es  a v a i l a b l e  t o  t h e  s t a r t - u p  ( me n t i o n e d  i n  
c h a p t e r  1 )  i t  w i l l  b e  d i f f i c u l t  f o r  t he  s t a r t - up  t o  s t udy  a  va r i e ty  o f  
c u s t o me r s .  A  ma r k e t i n g  t e a m h a s  t o  b e  a v a i l a b l e  t o  d o  t h e  r e s e a r c h  
w o r k .  I t  w i l l  t a k e  t i me  t o  f i n d  t h e  r i g h t  p e op l e  t o  a s s e mb l e  s u c h  a  
t e a m.  
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Figure 4  House of Quality 

 
Propos i t i on  1 :  Cus tomer  invo l vemen t  w i l l  i n c r e a s e  o v e r  t h e  l i f e -
c y c l e  o f  t h e  s t a r t - u p .  
 
3 .2 .2 .  P r o j e c t  s e l e c t i o n  
 
C ros s - func t i ona l  ana ly s i s  o f  new  p r o j e c t s  i s  co mp l e t e  an d  N P D  p l a n s  
a r e  mo s t  i n f l u e n c e d  b y  i n f o r ma l  p l a n n i n g  a c t i v i t i e s .  
 
T h e  d e v e l o p me n t  f u n n e l  i s  a  me t h o d ,  p r o p o s e d  b y  W h e e l w r i g h t  a n d  
C l a r k  ( 1 9 9 2 : 1 1 1 ) ,  t o  s e l e c t  b e t w e e n  d i f f e r e n t  p r o p o s a l s .  I t  e l i mi n a t e s  
p r o p o s a l s  a c c o r d i ng  t o  t h e  c o mpa n y ’ s  p r o d u c t  s t r a t e g y  u n t i l  o n l y  t h e  
p r o j e c t s  t h a t  f i t  t he  c o mpa n y  a r e  l e f t .  
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Table 1 Development funnel stages 

P h a s e  1  S c r e e n  1   P h a s e  2  S c r e e n  2  P h a s e  3  
P r o d u c t / p r o
c e s s  i d e a  
gene ra t i on  
a n d  c o n c e p t  
d e v e l o p m e n
t  

S c r e e n e d  
a c c o r d i n g  t o  
t e c h n o l o g y ,  
p r o d u c t  
ma r k e t  
s t r a t e g y  a n d  
o t h e r  
c r i t e r i a  

D e t a i l  
p r o p o s e d  
p r o j e c t  
b o u n d s  
l i n k e d  t o  
b u s i n e s s  
a n d  
f u n c t i o n a l  
s t r a t eg i e s   

M a k e  a  g o  
no  go  
d e c i s i o n  
a f t e r  w h i c h  
t h e  
r e ma i n i n g  
p r o j e c t s  a r e  
s t a f f ed  and  
m o v e d  i n t o  
d e v e l o p m e n
t  

P r o j e c t s  
t u r n  i n t o  
p r o d u c t s  o r  
d e v e l o p m e n
t  i s  s t o p pe d  

 
 
R o b e r t  C o o p e r  ( 1 9 9 9 : 3 5 )  s t a t e s  t h a t  o n e  o f  t h e  b i g g e s t  p r o b l e ms  w i t h  
a n d  p r o j e c t s  i n  c o m p a n i e s  i s  t h a t  m a n a g e me n t  i s  u n w i l l i n g  t o  ma k e  
t o u g h  c h o i c e s  a n d  s t o p  p r o j e c t s  w h e n  n e c e s s a r y .  G a t e s  a r e  h e l d  a s  t h e  
p l a c e  w he r e  d e c i s io n s  a r e  ma d e  a n d  r e so u r c e s  a l l o c a t e d .  I f  t h i s  i s  n o t  
d o n e  t o o  ma n y  p r o j e c t s  w i l l  u s e  t o o  f ew  r e sou rce s .  Ga t e s  t he r e fo r e ,  
h a v e  t h r e e  a d v a n t a g e s :  t he y  a c t  a s  qua l i t y  c on t r o l  p o i n t s ,  t h e y  a c t  a s  
r e s o u r c e  a l l o c a t i o n  p o i n t s  a n d  g a t e s  p r o v i d e  f o c u s e d  a r e a s  f o r  
r e sou rce s  t o  work  on .  Robe r t  Coope r  ( 1999 :144 )  sugges t s  t h r ee  
d i f f e r en t  app roaches  t o  p ro j ec t  s e l ec t i on .  
 
F i r s t ,  b e n e f i t  me a s u r e me n t  t e c h n i q u e s  c a n  b e  u s e d .  T h e s e  t e c h n i q u e s  
a r e  s u b j e c t i v e  a n d  d o  n o t  a c t  o n  p h y s i c a l  d a t a  s u c h  a s  f i n a n c i a l  d a t a .  
T h e  p r o j ec t s  f i t  w i t h  s t r a t e g i c  v a r i a b l e s  s u c h  a s  c o r p o r a t e  o b j e c t i v e s ,  
a n d  c o mp e t i t i v e  a dv a n t a g e  a n d  ma r k e t  a t t r a c t i v e n e s s  c a n  b e  a s se s s e d .  
T h e s e  t e c h n i q u e s  a r e  mo s t  u s e f u l  i n  t h e  i n i t i a l  s c r e e n i ng  p h a s e .   
 
S e c o n d ,  f i n a n c i a l  o r  e c o n o mi c a l  mo d e l s  c a n  b e  u s e d .  C o mp u t a t i o n a l  
a p p r o a c he s  s u c h  a s  p a y b a c k - p e r i od ,  b r eak -even  ana ly s i s ,  r e t u rn  on  
i n v e s t me n t  a n d  d i s c o u n t e d  c a s h  f l o w  c a n  b e  u s e d .  B e c a u s e  da t a  i s  
i n a c c ur a t e ,  t e c h n i q u e s  s u c h  a s  d e c i s i o n  a na l y s i s  c a n  b e  u s e d  t o  
a n a l y s e  a v a i l a b l e  o p t i o n s .  T w o  p ro b l e ms  w i t h  t h i s  me t h o d ,  h o w e v e r ,  
a r e  t h a t  d a t a  i s  o f t e n  i n a c c u r a t e  and  t he  p ro j ec t  i s  v i ewed  i n  
i s o l a t i o n .  
 
T h e  t h i r d  g r o u p  o f  me t h o d s  a r e  p o r t fo l i o  s e l e c t i o n  me t h o d s .  O n e  o f  
t h e  a d v a n t a g e s  t o  a  p o r t f o l i o  a p p roa c h  i s  t ha t  r e s o urc e s  c a n  m o r e  
e a s i l y  b e  a l l o c a t e d .  S p e c i f i c  t e c h n i q ue s  a r e  a v a i l a b l e  t o  p r i o r i t i s e  a n d  
a l l o ca t e  r e s o u r ce s .  D i f f e r e n t  t o o l s  a r e  a v a i l a b l e  s u c h  a s :  p o r t f o l i o  
ma p s ,  b u b b l e  d i a g r a ms  a n d  t h e  s t r a t e g i c  b u c k e t s  me t h o d .  P o r t f o l i o  
me thods  shou ld ,  howeve r ,  be  u sed  i n  con junc t i on  w i th  t he  p r ev ious  
t w o  me t h o d s .  
 
D u r i n g  t h e  l i f e  o f  a  p r o j e c t ,  i t  h a s  t o  go  t h rough  va r ious  ga t e  
d e c i s i o n s .  A t  e v e r y  g a t e  me e t i n g  t he  p ro j ec t  ha s  t o  be  eva lua t ed  
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a c c o r d i n g  t o  s p e c i f i c  c r i t e r i a .  T h r e e  t y p e s  o f  q u a l i t y  i s s u e s  e x i s t :  t h e  
q u a l i t y  o f  t h e  p r o j e c t  e x e c u t i o n ,  t he  p r o j e c t ’ s  f i t  w i t h  t h e  b u s i n e s s  
and  t he  f ac t  t ha t  an  ac t i on  p l an  fo r  t h e  fu t u r e  h a s  t o  b e  e va l ua t e d .  
T h e  a i m o f  t h e  g a t e  me e t i n g s  i s  t o  r e d u c e  r i sk  a n d  make  ‘go /k i l l ’  o r  
‘ h o l d ’  d e c i s i o n s .  A  two-pa r t  dec i s i on  i s  ma d e  a t  a  g a t e .  F i r s t  t h e  
p r o j e c t  i s  e v a l u a t e d  t o  s e e  i f  i t  i s  a  g o o d  p r o j e c t  t o  t a k e  o n .  N e x t  t h e  
p r o j e c t  i s  e v a l ua t e d  a g a i n s t  t h e  o t h e r  p r o j e c t s  i n  t h e  c o mp a n y ;  t h i s  
f o r c e s  a  r e s o u r c e  a l l o c a t i on  d e c i s i on  t o  be  ma de  ba s e d  on  p ro j ec t  
p r i o r i t y .  R o b e r t  C o o p e r  ( 2 0 0 1 : 1 3 2 )  s u g g e s t s  t h a t  t h e  f o l l o w i n g  
q u e s t i o n s  b e  a n s w e r e d  a t  g a t e  me e t i n g s ;  

•  I s  t h e  p r o j e c t  s t r a t e g i c a l l y  a l i g n e d  wi t h  t h e  c o m p a n y ’ s  b u s i n e s s  
s t r a t e g y?  

•  I s  t h e r e  a  ma r k e t  ne e d  f o r  t he  p r o j e c t ?  
•  I s  t h e  p r o j e c t  t e c h n i c a l l y  f e a s i b l e ?  
•  D o e s  t h e  p r o j e c t  h a v e  a  u n i q u e  a d v a n t a g e  f o r  t h e  c u s t ome r ?  
•  D o e s  i t  me e t  a l l  s a f e t y ,  h e a l t h ,  e n v i r o nme n t a l  a n d  l e g a l  

r equ i r emen t s?  
•  D o e s  t h e  p r o j e c t  m a k e  f i n a n c i a l  s e n s e ?  

 
W h i l e  b i g  c o mpa n i e s  mi g h t  h a v e  n ume r o u s  p r o j e c t s  h a p p e n i n g  a t  a n y  
m o me n t ,  s ma l l  s t a r t - u p  c o mp a n i e s  wou ld  t yp i ca l l y  no t  have  t he  
r e sou rce s  t o  pu r sue  ma ny  d i f f e r en t  p r o j e c t s  a t  a  t i me .  T h e  s t a r t - u p  i s  
e i t he r  i n t e rna l l y  f unded  o r  f unded  by  i nves to r s .  I n  e i t h e r  c a s e ,  a  t i g h t  
r e i g n  h a s  t o  b e  k e p t  o n  r e s o u r c e s .   
 
P r o p o s i t i o n  2 :  T h e  s t a r t - up  w i l l  b e  f o r c e d  t o  m a k e  ga t i n g  d e c i s i o n s  
a s  t o  w h i c h  p r o j e c t s  t o  p e r f o r m .  
 
3 .2 .3 .  P r o d u c t  s t r a t e g y  
 
 
Techn i ca l  s t r a t egy  i s  de f i ned  a n d  s h o u l d  b e  k n o w n  t h r o u g h o u t  t h e  
o r g a n i s a t i o n .  
 
P r o j e c t s  m u s t  b e  a l i g n e d  w i t h  i n t e r na l  cons t r a in t s  and  capab i l i t i e s  a s  
w e l l  a s  e x t e r n a l  f a c t o r s  l i k e  r eg u l a t i o n s  a n d  c o m p e t i t i o n .  T h e  
c o mp a n y  m u s t  c h o o s e  p r o j e c t s  t h a t  f i t  w i t h  t h e  c u r r e n t  p r o d u c t  mi x  
a n d  t h a t  t h e r e f o r e  l e v e r a g e  t h e  i n t e rna l  c apab i l i t i e s  o f  t he  compa ny .   
 
The  company  ha s  t o  ma nage  i t s  p r o j e c t  p o r t f o l i o .  A c c o r d i n g  t o  
R o b e r t  C o o p e r  ( 1 9 9 9 : 1 8 9 )  t h e  t h r ee  ma i n  r e a s o n s  f o r  t h i s  a r e :  
F i r s t l y ,  t h e  c o r r e c t  n e w p r o d u c t s  a r e  f u n d a me n t a l  t o  b u s i n e s s  
s u c c e s s .  s e c o n d l y ,  n e w  p r o d u c t s  a r e  a  ma n i f e s t a t i o n  o f  t h e  c o mp a n y ’ s  
b u s i n e s s  s t r a t e g y .  t h i r d l y ,  r e s o u r c e s  m u s t  b e  a l l o ca t e d  t o  t h e  co r r e c t  
p r o j e c t s .  
T h e  t h r e e  m a i n  g o a l s  o f  po r t fo l i o  ma nage men t  a r e :  v a l u e  
max imi za t i on ,  ba lance  and  s t ra t eg i c  d i r ec t i on .  
 
V a l u e  m a x i mi z a t i o n  e n t a i l s  t h e  a l l o c a t i o n  o f  r e s o u r c e s  s o  t h a t  
s p e c i f i c  o b j e c t i v e s ,  e i t h e r  l o n g  t e r m o r  s h o r t - t e r m p r o f i t a b i l i t y ,  
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r e t u r n  o n  i n v e s t me n t ,  o r  o t h e r  o b j e c t i v e s  a r e  me t .  D i f f e r e n t  
t e chn iques  can  be  u sed  t o  m e a s u r e  t he  v a l ue  o f  t h e  p r od u c t .  Wh e n  t he  
p r o j e c t  i s  e v a l u a t e d  a t  a  s t a g e - ga t e  r e v i e w t h e  p r o j e c t  h a s  t o  b e  
j u d g e d  a c c o r d i n g  t o  t h e s e  c r i t e r i a .  Po s s i b l e  t e c h n i q u e s  a r e :  e x p e c t e d  
c o m m e r c i a l  v a l u e ,  p r o d u c t i v i t y  i n d ex ,  dynami c  r ank -o rde red  l i s t  and  
s c o r i n g  mo d e l s .  
 
B a l a n c e  e n t a i l s  t he  a l l oc a t i o n  o f  p ro j e c t s  i n  o r d e r  t h a t  a  n u mb e r  o f  
d i f f e r e n t  p a r a me t e r s  c a n  b e  me t .  T h i s  c o u l d  b e  t h e  a l l o c a t i o n  o f  
p r o j e c t s  a c c o r d i n g  t o  v a r i o u s  c r i t e r i a :  n e w  c o r e  p r o d u c t ,  n e x t  
g e n e r a t i on  o f  t h e  c o r e  p r od u c t ,  a d d i t i o n  t o  t h e  p r o d uc t  f a mi l y  a n d  
d e r i v a t i v e s  a n d  e n h a n c e me n t s .  T h e  a m o u n t  o f  r i s k ,  t e chno log i e s  u sed  
o r  s p e c i f i c  ma r k e t  p e n e t r a t i o n  cou ld  a l so  be  c r i t e r i a .  Bubb le  
d i a g r a ms  a r e  a  u se f u l  r e s ou r c e  t o  u s e  w h e n  p l o t t i n g  v a r i o u s  c r i t e r i a  
a g a i n s t  e a c h  o t h e r .  P o s s i b l e  b u b b l e  d i a g r a ms  t o  u s e  a r e :  r i s k  v s .  
r e w a r d ,  t e c h n i c a l  n e w n e s s ,  a n d  c o s t  t o  i m p l e me n t  v s .  t i m e  t o  
i mp l e me n t ,  a mo n g  o t h e r s .  
 
T h e  f i n a l  c r i t e r i a ,  s t r a t e g i c  d i r ec t i o n ,  e n s u r e s  t h a t  t h e  p r o j e c t  
p o r t f o l i o  r e f l e c t s  t h e  b u s i n e s s  s t r a t e g y  o f  t h e  c o mp a n y .  T h e  
b r e a k d o w n  o f  s p e n d i n g  o v e r  p r o j e c t s ,  p roduc t s  and  ma rke t s  mus t  
r e f l e c t  t h e  b u s i n e s s  s t r a t e g y .  T h e  b u s i n e s s  s t r a t e g y  c o u l d  d e f i n e  
w h i c h  t e c h n o l o g i e s  o r  ma r k e t s  t o  f o c u s  o n  o r  i n d i c a t e  t h a t  t h e  
b u s i n e s s  f o c u s e s  o n  n e w  l e a d i n g  e d g e  p r o d u c t s .  
 
W h e n  t h e  p r o j e c t  p o r t f o l i o  i s  e va lua t ed ,  p ro j ec t s  and  p roduc t s  mus t  
b e  e v a l ua t e d  a c c or d i n g  t o  t h e  c h o s e n  c r i t e r i a  a s  t h e y  r e l a t e  t o  t h e  
d i me n s i o n s  me n t i o n e d .  Wh e t h e r  r e so u r c e s  a r e  a l l o c a t e d  a n d  wh e t h e r  
t h e  d e c i s i o n  i s  m a d e  t o  c o n t i n u e  w i t h  t h e  p r o j e c t  d e p e n d s  o n  t h e  
p r o j e c t  s c o r i n g  h i g h  o n  t h e  c r i t e r i a  de f i ned  by  t he  company  a s  
i mp o r t a n t .   
 
T h e  s t a r t - u p  c o mp a n y  w i l l  t y p i c a l l y  n o t  h a v e  a  l a r g e  p o r t f o l i o  o f  
d i v e r s e  p r o d u c t s .  I t  w i l l  u su a l l y  o n l y  h a v e  t h e  r e s o u r c e s  t o  w o r k  o n  
one  p roduc t .  Th i s  wou ld  be  t he  p roduc t  t he  s t a r t - up  i n i t i a l l y  g o t  
f und ing  fo r .  A l l  t he  p roduc t  s t r a t eg i e s  a s  w e l l  a s  t h e  b u s i n e s s  p l a n  
w o u l d  b e  f o c u s e d  o n  s e l l i n g  t h e  c omp a n y ’ s  p r o d u c t  t o  i n v e s t o r s .   
 
P r o p o s i t i o n  3 :  T h e  s t a r t - u p  c o m p any  w i l l  f o c u s  m o re  o n  p r o d u c t  
s t r a t e gy  t h a n  t h e  r e s t  o f  t h e  i n d u s t r y  d o e s .   
 
3 .2 .4 .  C o n c e p t  d e s i g n  
 
Concep t s  f o r  new  p roduc t s  c an  be  gene ra t ed  by  d i f f e r en t  sou rce s .  
T h e s e  s o u r c e s  i n c l u d e  e mp l o y e e s ,  c u s t o me r s ,  n e w  t e c h n o l o g i e s  a n d  
s u p p l i e r s ,  a mo n g  o t h e r s .  T h e s e  n e w i d eas  have  t o  be  ana ly sed  and  
s c r e e n e d  u s i n g  v a r i o u s  c r i t e r i a  be fo r e  t h ey  a r e  s e l e c t ed  fo r  f u r t he r  
d e v e l o p m e n t .  I f  t h e  p r o d u c t  i s  s e l ec t ed  fo r  f u r t he r  exp lo r a t i on  a  
c o n c e p t  de s i g n  i s  c r e a t e d  a nd  a  r i s k  a n a l y s i s  p e r f o r me d .  
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T h e  c o n c e p t  d e s i g n  p h a s e  f i t s  i n  b e t w e e n  t h e  p r o d u c t  d e v e l o p me n t  
and  bu i l d ing  t he  bus ine s s  c a se  phase s .  T o o l s  l i k e  t h e  house  o f  qua l i t y  
a r e  u s e d  t o  ma t c h  p r o d u c t  r e q u i r e me n t s ,  cu s tomer  needs  and  t e chn i ca l  
f e a s i b i l i t y .  T h i s  n e e d s - i de n t i f i c a t i o n - a n d - t r a ns l a t i o n  p ro c e s s  c o u l d  b e  
f l a w e d  h o w e v e r .  T h e r e f o r e ,  b e f o r e  go ing  i n to  p roduc t  deve lopmen t ,  
t h e  c o mp a n y  mu s t  t e s t  h ow  w e l l  t h e  c u s t ome r  n e e d s  w e r e  r e a l l y  
t r a n s l a t e d .  T w o  a s s u mpt i o n s  h a v e  t o  b e  t e s t e d :  f i r s t l y ,  t h e  a s s u m p t i o n  
t h a t  t h e  c u s t o me r  k n o w s  w h a t  h i s / h e r  n e e d s  a r e  a n d  i s  a b l e  t o  
v e r b a l i z e  t h e m,  a n d  s e c on d l y ,  t ha t  t h e s e  n e e d s  w e r e  c o r r e c t l y  
t r a n s l a t ed  i n t o  f i n a l  p r o d uc t  s p e c i f i c a t i o ns .  I f  e r r o r s  a r e  d i s c ov e r e d  
a d j u s t me n t s  c a n  b e  ma d e  a n d  t h e  p r o d u c t  s p e c i f i c a t i o n  c a n  b e  
c o r r e c t e d .  Wh e n  t h e  c u s t o me r  h o l d s  t h e  p r o d u c t  i n  h i s / h e r  h a n d s  
h e / s h e  mi g h t  b e  a b l e  t o  mo r e  c l e a r l y  v i s u a l i z e  h o w  h e / s h e  w i l l  u s e  i t  
a n d  t h e r e f o r e  d e s c r i b e  t h e  r e q u i r e m e n t s  b e t t e r .  T h e  c o n c e p t  d e s i g n  
c o u l d  t a k e  o n  ma n y  d i f f e r e n t  f o r ms  d e p e n d i n g  o n  t h e  i n d u s t r y .  I t  
cou ld  va ry  f rom b rochu re s ,  v i r t ua l  p ro to types ,  mock -ups  and  
d r a w i n g s  t o  a  c l e a r l y  w r i t t e n  d e s c r i p t i o n .  Th e  p r o t o t y p e  s h o u l d  b e  
p r e sen t ed  t o  a  w ide  va r i e t y  o f  po t en t i a l  c us t ome r s  a n d  t h e i r  f e e d b a c k  
shou ld  t hen  be  fo r ma l ly  gauged .  Acco rd ing  t o  Robe r t  Coope r  
( 2001 :35 )  t he  fo l l owing  shou ld  be  done  when  p r e sen t i ng  t he  concep t  
t o  t h e  c us t o me r :  

•  T h e  c u s t o me r ’ s  i n t e r e s t  i n  t h e  p r o d u c t  mu s t  b e  me a s u r e d .  
•  W h i c h  f a c e t s  o f  t h e  c o n c e p t  t h e  c u s t o me r  l i k e s  a n d  w h i c h  n o t  

m u s t  b e  me a s u r e d .  
•  H o w  t h e  c u s t o me r  r a t e s  y ou r  p r o d uc t  a g a i ns t  t h e  c om p e t i t i o n  

m u s t  b e  me a s u r e d .  
•  W h a t  t h e  c u s t o me r  e x p e c t s  t o  p a y  n e e d s  t o  b e  a s c e r t a i n e d .  
•  T h e  c u s t o me r ’ s  p u r c h a s e  i n t e n t  a t  a  s p e c i f i c  p r i c e  ne e d s  t o  b e  

d e t e r mi n e d .  
•  I n fo r ma t i o n  u s e fu l  i n  f i n a l i z i n g  t h e  p o s i t i on i n g  s t r a t eg y  mus t  

be  ga the r ed .  
 
T e c h n i c a l  a d v a n t a g e s  c a n  a l s o  b e  a t t a i n e d  w h e n  t h e  p r o t o t y pe  i s  
d e s i g n e d  t o  t e s t  n e w  t e c h n o l o g i e s  o r  p roce s se s .  I f  t he  t e chn i ca l  r i sk s  
o f  a  new  t echno logy  a r e  h igh  i t  wou ld  ma k e  s e n s e  t o  t e s t  t h e m o r  a t  
l e a s t  t h e  p r o c e s s  o f  c r e a t i ng  t h e  p r od u c t ;  b e  i t  t e s t i n g  t h e  t o o l s  u s e d  
i n  d e v e l o p i n g  t h e  p r o d u c t  o r  d e t e r mi n i n g  t h e  r e s o u r c e s  r e q u i r e d  t o  
d e v e l o p  t h e  p r o d u c t .  T o  g a t h e r  t h i s  t y pe  o f  i n fo r ma t i o n  a  mo r e -
c o mp l e x  p r o t o t y p e  h a s  t o  b e  ma d e .  
 
A  p r o t o t y p e  c o u l d  b e  a d v a n t a g e o u s  t o  a  s t a r t - u p  c om p a n y  w h e n  t h e  
c o n c e p t  d e s i g n  d e mo n s t r a t e s  t h e  c a p a b i l i t i e s  o f  t h e  g r o u p  o f  
f o u n d e r s .  I t  mi g h t  s e r v e  t o  c o n v i n c e  a  v e n t u r e  c a p i t a l i s t  t o  g i v e  t h e  
s t a r t - u p  m o r e  mo n e y  t o  f u r t h e r  t h e  e n d e a v o u r .    
 
P ropos i t i on  4 :  Concep t  de s igns  in  t h e  s t a r t - u p  w i l l  b e  d o n e  t o  a  
l i m i t e d  ex t e n d ,  n o t  m o r e  t ha n  t h e  i n d u s t r y  a v e r a g e .  
 
3 .2 .5 .  T e c h n o l o g i c a l  l e ade r s h i p  
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Acco rd ing  t o  Gordon  Be l l  ( 1991 :11 4 )  t h e  c o mp a n y  h a s  t o  h a v e  a  
t e c h n o l o g y  b a l a n c e  s h e e t .  T h i s  e n c o m p a s s e s ,  a mo n g s t  o t h e r  
d i me n s i o n s ,  a  t e c h n o l o g y  b a s e .  T h e  t e c h n o l o g y  b a s e  i n c l u d e s  i n t e r n a l  
a n d  e x t e r n a l  s o u r c e s  o f  c o m p o n e n t s ,  a s  we l l  a s  know-how r ep re sen t ed  
b y  c r i t i c a l  p e r s o n n e l ,  pa t en t s ,  compu te r s  and  so f twa re ,  t oo l s ,  and  
l a b o r a t o r y  e q u i p m e n t  a n d  p r o c e s s e s .  T h e  c o m p a n y  h a s  t o  i n v e s t i g a t e  
e v e r y  a s p e c t  o f  t h e  t e c h n o l o g y  i t  n e e d s  t o  u s e  t o  b u i l d  a  p r o d u c t  
w i th .  The  compa ny  can  fo l l ow  d i f f e r e n t  t e c h n o l o g y  s t r a t e g i e s  a s  
e i t h e r  t h e  t e c h n o l o g y  l e a d e r  o r  f o l l o w e r .  I n  e i t h e r  c a s e ,  t h e  c o m p a n y  
h a s  t o  b e  a b l e  t o  p r o d u c e  p r o d u c t s  w i t h  s u p e r i o r  t e c h n o l o g i e s .  
H o w e v e r ,  t h e  c o m p a n y  s t i l l  h a s  t o  a d h e r e  t o  i n d u s t r y  s t a n d a r d s  w h e n  
d e s i g n i n g  t h e  p r o d u c t .  An  e x a mp l e  o f  a  s t a n d a r d  i s  WCD M A  
( w i d e b a nd  c o d e  d i v i s i o n  m u l t i p l e  a cc e s s ) ,  t he  c o mpa n y  c a n  d e s i g n  i t s  
p r o d u c t  w i t h  t h e  t e c h n o l o g y  o f  i t s  ch o i c e  b u t  t h e  s t a n d a r d  i t s e l f ,  a s  
s e t  o u t  b y  t h e  s t a n d a r d s  c o m mi t t e e ,  ha s  t o  be  adhe red  t o .  The  
c o mpa n y  mus t  b e  i n v o l v e d  a n d  u p - t o - d a t e  w i t h  c h a n g e s  i n  t h e  
s p e c i f i c a t i o n  a s  s e t  o u t  b y  t h e  s t a n d a r d s  b o d y .  T h e  c o mpa n y  c o u l d  
a l s o  d e f i n e  i n t e r n a l  s t a n d a r d s .  T hese  cou ld  r ange  f rom so f twa re  and  
h a r d w a r e  c o d i n g  t o  t h e  w a y  i n  w h i c h  r e q u i r e me n t s  a r e  s pe c i f i e d .  
T h e s e  i n t e r n a l  a nd  e x t e r na l  s t a n da r d s  a r e  o n l y  u s e f u l  i f  a l l  t h e  
r e l e v a n t  p e o p l e  i n v o l v e d  a r e  a wa re  o f  and  adhe re  t o  t hem.  
 
A n o t h e r  d i me n s i o n  o f  t h e  t e c h n o l o g y  b a l a n c e  s h e e t  i s  t h e  
t e c h n o l o g i c a l  f u t u r e  o f  t h e  c omp a n y .  T h e  t e c h n o l o g i c a l  fu t u r e  
d i me n s i o n  me a s u r e s  t h e  n e w  v e n t u r e ’ s  a b i l i t y  t o  s u s t a i n  t h e  
c o mpe t i t i v e  v i a b i l i t y  o f  t h e  t e c h n o lo gy .  T h e  c o m p a n y  m u s t  a s s e s s  i t s  
p roduc t s  and  a r ch i t e c tu r e s  r e l a t i v e  t o  s t a t e -o f - t he - a r t  p roce s s  
t e c h n o l o g i e s  u n d e r  d e v e l o p me n t  a n d  t h e  c o m p a n y ’ s  a b i l i t y  t o  h i r e  
c o mp e t e n t  p e o p l e .  T h e  c o m p a n y  h a s  t o  b e  a b l e  t o  b u i l d  c o mp e t i t i ve  
p r o d u c t s  i n  t h e  f u t u r e  s o  t h a t  c o mp e t i t i v e  a d v a n t a g e  o ve r  t he  
c o mpe t i t i o n  c a n  b e  b u i l t  a n d  s u s t a i ned .   
 
T e c h n o l o g i c a l  c h a n g e s  a r e  m o n i t o r ed  a n d  t h e  t e c h n o l o g i c a l  s t r a t e g y  
o f  t h e  c o mp a n y  i s  a l i g n e d  w i t h  t he se  changes .  A  we l l - known  
t e c h n o l o g y  t o o l  i s  t he  t e chno logy  s - cu rve .  The  t e chno logy  s - cu rve  
p l o t s  t e c h n o l o g i c a l  a d v a n c e s  i n  a  f i e l d  a g a i n s t  t i me .  I n  t h e  b e g i n n i n g  
o f  a  t e c h n o l o g y ’ s  l i f e - c y c l e ,  a dv a n c e s  a r e  s l o w .  E v e n t u a l l y  
m o me n t u m p i c k s  u p  a n d  ma j o r  i mp r o v e me n t s  a r e  ma d e  i n  a  s h o r t  t i me  
pe r iod .  A t  t he  end  o f  a  t e chno l o g y ’ s  l i f e - c y c l e ,  t e c h n o l o g i c a l  
a d v a n c e s  s t a r t  t o  s l o w  d o w n .  I t  i s  i mp o r t a n t  t o  mon i to r  t h i s  pe r i od  o f  
a  t e c h n o l o g y ’ s  e x i s t e n c e  a s  t h e  t e chno logy  i s  r e ady  t o  be  ove r - t aken  
b y  s o me t h i n g  n e w .  A  n e w  t e c h n o l o g y  t h a t  r e p l a c e s  t he  o l d  o n e  w i l l  
h a v e  o b v i o u s  i mp r o v e me n t s  o n  t h e  t e c h n o l o g y  i t  r e p l a c e s .   
 
The  r a t e  o f  change  i s  dependen t  on  t h e  f i e l d  t h e  c o mpa n y  i s  i n .  I n  t h e  
e l e c t ron i c s  i ndus t ry  t e chno logy  obv ious ly  changes  f a s t e r  t han  i n  t he  
s t e e l  ma n u f a c t u r i n g  i n d u s t r y .  Wh a t e v e r  t h e  f i e l d  t h e  c o mp a n y  i s  i n ,  i t  
m u s t  k e e p  a b r e a s t  o f  a d v a n c e s  i n  i t s  f i e l d .  An  o rgan i s a t i on  wou ld  no t  
w a n t  t o  b e  t h e  o n l y  c o mp a n y  ma k i n g  me c h a n i c a l  t y pe w r i t e r s  w he n  t h e  
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r e s t  o f  t h e  w o r l d  i s  u s i n g  c o mp u t e r s .   
 
T o  b e  a  t e c h n o l o g y  l e a d e r  r e q u i r e s  r e sou rce s .  Un le s s  t he  compa ny  go t  
f u n d i n g  t o  d e v e l o p  a  b r e a k  t h ro u g h  t e c h n o l o g y ,  t h e  s t a r t - u p  w o u l d  
n o t  t y p i c a l l y  b e  a b l e  t o  deve lop  new  t echno log i e s .  
 
P r o p o s i t i o n  5 :  T h e  s t a r t - up  c o m p a n y  w i l l  f o l l o w  t e c h no l o g y  l e ade r s .  
 
3 . 2 . 6 .  D o c u m e n t a t i o n   
 
D o c u me n t a t i o n  f o r ms  p a r t  o f  t he  b i g g e r  Kn o w l e d g e  M a n a g e me n t  
p roce s s  a s  de sc r i bed  ea r l i e r .  The  o rga n i s a t i o n  mus t  b e  a b l e  t o  l ea r n ,  
d o c u me n t a t i o n  o f  c o n c e p t ,  p r o d u c t ,  p r o c e s s  a n d  p r o j e c t  i n f o r ma t i o n  
h e l p s  t h e  t r a n s f e r r a l  o f  k n o w l e d g e  t h r o u g h o u t  t h e  o r g a n i s a t i o n .   
 
D o c u me n t a t i o n  i s  u s e d  t h r o u g h o u t  a l l  s t a g e s  i n  t h e  s t a g e - g a te  
p r o c e s s .  T h e s e  s t a g e s  a r e :  i d e a  g en e r a t i o n ,  p r e l i mi n a r y  i n v e s t i g a t i o n ,  
d e t a i l e d  i n v e s t i g a t i o n ,  d e v e l o p me n t ,  t e s t i ng  and  va l i da t i on ,  and  fu l l  
p r o d u c t  a n d  ma r k e t  l a u n c h .   D o c u me n t a t i o n  f o r ms  a n  i n t e g r a l  p a r t  i n  
t h e  e a r l i e r  s t a g e s  o f  d e v e l o p me n t  w h e r e  i de a s  a r e  g e n e r a t e d  a n d  
whe re  t hose  i dea s  a r e  l a t e r  changed  i n t o  r e q u i r e me n t s  f o r  t h e  p r o d u c t  
a n d  f o r  t h e  f u n c t i o n s  t h a t  w i l l  d e s ig n ,  ma n u f a c t u r e  a n d  ma r k e t  t h e  
p r o d u c t .  A t  t h e  g a t e  me e t i n g s  o f  t he  s t age -ga t e  p roce s s  whe re  i dea s  
a n d  p r o g r e s s  a r e  j u d g e d  a c c o r d i n g  t o  f o r ma l  c r i t e r i a ,  t h e  r e s u l t s  a n d  
d e c i s i o n s  o f  t h e se  me e t i n g s  n e e d  t o  be  documen t e d  so  t ha t  a l l  
d e p a r t me n t s  i n v o l v e d  a r e  f u l l y  a w a re  o f  t h e  d e c i s i o n s  ma d e  i n  t h e  
o r g a n i s a t i o n .  
 
As  t he  docume n ta t i on  o f  a  p roduc t  c h a n g e s  o v e r  t h e  l i f e t i me  o f  t h e  
p r o d u c t ,  i n c l u d i n g  c h a n g e s  ma d e  a f t e r  t h e  p r o d u c t  i s  l a u n c h e d ,  
f o r ma l  c h a n g e  c o n t r o l  h a s  t o  b e  i m p l e me n t e d  t o  p r e v e n t  p r o b l e ms  
when  suppo r t i ng  o r  ma nufa c tu r i ng  t he  p roduc t .  Even  when  a  new-
gene ra t i on  p roduc t  i s  deve loped ,  t he  nex t -gene ra t i on  p roduc t  mus t  
b u i l d  o n  a c c u r a t e  i n f o r ma t i o n  f r om d o c u m e n t a t i o n  a b o u t  t he  o l d  
p r o d u c t .  
 
 
3 . 2 . 7 .  C h a n g e  c o n t r o l   
 
F o r ma l  c h a n g e  c on t r o l  mu s t  b e  i mp l e me n t e d  a c r o s s  t he  l i f e - s pa n  o f  
t h e  p r o d u c t .  T h e  i m p a c t  o f  a  d e c i s ion  t o  change  a  p roduc t  mus t  be  
ma de  v i s i b l e  t o  a l l  t h e  pa r t i e s  i nvo lved .  Change  con t ro l  i s  pa r t  o f  t he  
k n o w l e d g e  ma n a g e me n t  p r o c e s s .  T h e  i mp a c t  o f  t h e  c h a n g e  mus t  b e  
e v a l u a t e d .  T h i s  i mp a c t  c o u l d  be  on  cos t ,  s chedu l e  s l i ppage ,  
r e g u l a t o r y  s t a n d a r d s ,  p r o c u r e me n t ,  ma n u fa c t u r i n g  a n d  t e s t a b i l i t y ,  
a mo n g  o t h e r s .  
 
D u r i n g  d e v e l o p me n t  t h e  e n g i n e e r i ng ,  ma n u f a c t u r i n g  o r  ma r k e t i n g  
fu n c t i o n s  mu s t  b e  a b l e  t o  ea s i l y  a n d  f o r ma l l y  e n t e r  a  c h a n g e  r e q u e s t  
w h e n  a n  e r r o r  i s  d i s c o v e r e d .  T h e  p ro b l e ms  o r  e r r o r s  s h o u l d  b e  c l e a r l y  
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e x p l a i n e d ,  t h i s  i n c l u d e s  i n d i c a t i n g  t h e  s p e c i f i c  v e r s i o n  o f  t h e  p r o d u c t  
o r  d e v e l o p me n t  p r o j e c t .  T h e  p r o b l e m  s h o u l d  b e  e x p l a i n e d  i n  a s  muc h  
d e t a i l  a s  p o s s i b l e .  D e t a i l s  c o u l d  i n c l u d e  t h e  spe c i f i c  c o n d i t i o ns  u n d e r  
wh ich  t he  p roduc t  f a i l ed  o r  t he  de s ign  f l aw  o r  non -compl i ance  t o  a  
f o r ma l  s t a n d a r d  t h a t  c o u l d  ma k e  t h e  p r o d u c t  f a i l  w h e n  i t  i s  f i n a l l y  
r e l ea s e d .  T h e  p r ob l e m mu s t  t h e n  b e  a s s i g ne d  t o  a  s p ec i f i c  p e r so n  t o  
t a k e  o w n e r s h i p  o f  a n d  mob i l i z e  t h e  r e l e va n t  p e o p l e  i n t o  s o l v i ng  t h e  
p r o b l e m.  T h e  p r o b l e m s h o u l d  a l s o  be  g i v e n  a  c r i t i c a l i t y  r a t i n g  s o  t h a t  
eve ryone  i s  awa re  o f  t he  s e r i ousnes s  o f  t h e  p r o b l e m.  T h i s  w i l l  h e l p  
peop l e  i n  ma k ing  dec i s i on  r ega rd ing  wh a t  p r i o r i t i e s  t h e y  s h o u l d  g i v e  
t o  t h e  v a r i o u s  t a s k s  a s s i g n e d  t o  t h e m.   
 
T h i s  p r oce s s  w i l l  o n l y  w o r k  i f  p e o p l e  a r e  q u i c k l y  a n d  e a s i l y  i n fo rme d  
o f  t h e  n e w  p r o b l e m.  T y p i c a l l y ,  a  d a t a b a se  t h a t  i s  a c c e s s i b l e  t o  
e v e r y o n e  i n v o l v e d  o v e r  t h e  i n t e r n e t  i s  an  i dea l  so lu t i on  fo r  
f a c i l i t a t i n g  c o m m u n i c a t i o n .   
 
W h e n  t h e  r e l e va n t  p e o p l e  h a v e  a s s e s se d  t h e  p ro b l e m a n  e s t i ma t e  m u s t  
b e  g i v e n  a s  t o  t h e  l e n g t h  o f  t i me  n e c e s s a r y  t o  s o l v e  t he  p r o b l e m  a n d  
t h e  i mp a c t  t h e  p ro b l e m w i l l  h a v e .  Wh e n  t h e  p r o b l em i s  f i x e d  o r  
f l a g g e d  a s  a  p o s s i b l e  e n h a n c e me n t  t h a t  c o u l d  b e  a d d e d  t o  t h e  n e x t  
g e n e r a t i o n  o f  t h e  p r o d u c t ,  t h e  p r o b l e m m u s t  b e  fo rma l ly  c lo sed  w i th  
a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  s o l u t i o n  i mp l e me n t e d .  T h i s  i n f o r ma t i o n  
m u s t  o n c e  a g a i n  b e  c o m m u n i c a t e d  t o  t h e  r e l e v a n t  p e o p l e .  
 
I n  a  n e w  c o mp a n y  n o  p r o c e s s e s  h a v e  y e t  b e e n  d e f i n e d .  Wh i l e  t h e  
c o mp a n y  i s  s t i l l  s ma l l  e n o u g h  n o t  ma n y  p r o c e s s e s  a r e  r e q u i r e d  a s  
e v e r y o n e  k n o w s  e v e r y o n e  e l s e  a n d  c ommun ica t i on  i s  f a i r l y  s imp le .  
D o c u me n t a t i o n  n e e d  o n l y  b e  g e n e r a t e d  i f  i t  i s  r e q u i r e d  b y  s o u r c e s  
o u t s i d e  t h e  c o mpa n y .  T h e  c o mpa n y  r e s o u r c e s  a r e  s p e n t  o n  d e v e l o p i n g  
t h e  p r o d u c t  n o t  o n  d o c u me n t i n g  a n y t h i n g  n o n - c r i t i c a l .  
 
Propos i t i on  6 :  In  a  s t a r t -up  company  change  con t ro l  and  
documen ta t i on  w i l l  be  o f  s econdary  impor tance .  
 
3 .2 .8 .  Goal s  and  metr i c s  
 
 
I n  t h e  s t a g e - g a t e  p r o c e s s  sp e c i f i c  c r i t e r i a  a r e  d e f i n e d  a g a i n s t  w h i c h  
t h e  p r o d uc t  i s  me a s u r e d  a t  e v e r y  s t a g e  o f  t h e  d e v e l o p m e n t  p r o c e s s .  I f  
t h e  p r o d u c t  me a s u r e s  u p  t o  a l l  t he  c r i t e r i a  s e t  t h e  p r o d u c t  ma y  
p r o g r e s s  t o  t h e  n ex t  s t a g e  w i t h  a l l  t h e  n e c e s sa r y  r e s o ur c e s  c o m mi t t e d  
t o  i t  a t  t ha t  p o i n t  i n  t i me .   

 
T h e  d e v e l o p me n t  p r o c e s s  me t r i c s  mu s t  b e  q u a n t i t a t i v e .  P r o p e r  
me t r i c s  m u s t  b e  s e l e c t e d  t o  measu re  p roces s ,  p ro j ec t  and  p roduc t  
p e r fo r ma n c e .  M e t r i c s  h e l p  t h e  o r ga n i s a t i o n  t o  s e t  g o a l s  a nd  t o  
me a s u r e  w h e t h e r  o r  n o t  t h e  g o a l s  h a v e  b e e n  a c h i e v e d .   
 
S h o r t - t e rm me t r i c s  h e l p  t o  me a s u r e  t he  e f f e c t i v e n e s s  o f  t h e  
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d e v e l o p m e n t  p r o c e s s .  P r o j e c t  me t r i cs  me a s u r e  t h e  s c he d u l e -  a nd  c o s t  
p e r f o r ma n c e  o f  t h e  p r o j e c t .  P r o d u c t  me t r i c s  me a s u r e  h o w  w e l l  t h e  
p roduc t  pe r fo rms  i n  t he  f i e l d .  P roduc t  me t r i c s  a l s o  me a s u r e  h o w  w e l l  
t he  p roduc t i on  o f  t he  p roduc t  i s  go ing .  
 
T h e  s p e c i f i c  me t r i c s  c h o s e n  b y  t h e  c o mpa n y  a r e  s pe c i f i c  t o  t h e i r  
p roduc t  po r t fo l i o ,  wh ich  aga i n  t i e s  i n  w i t h  t h e  c o mp a n y ’ s  p r o d u c t  a n d  
b u s i n e s s  s t r a t e g y .  
 
L ike  any  o the r  company ,  t he  s t a r t -up  su rv ive s  on  ca sh  f l ow .  In  t he  
s t a r t - u p  t h e  c a s h  i s  p r o v i d e d  b y  t h e  i nves to r ,  o r  i f  t he  p roduc t  i s  
a l r e ady  s e l l i ng ,  by  t he  cus tomer .   
 
P r o p o s i t i o n  7 :  G o a l s  a n d  m e t r i c s  w i l l  c l os e l y  f o l l o w  i n v e s t o r  o r  
c u s t o m e r  m i l e s t o ne s .  
 
3 .2 .9 .  P r o c e s s  c o n t r o l  
 
P r o c e s s  c o n t r o l  o r ,  a s  G o r d o n  B e l l  ( 1 9 9 1 : 1 1 4 )  p u t s  i t ,  o p e r a t i o n a l  
ma n a g e m e n t ,  i s  t h e  p r o c e s s  w h e r e b y  t h e  o r g a n i s a t i o n  ma n a g e s  i t s e l f  
b y  me e t i n g  p r o d u c t  s p e c i f i c a t ions ,  budge t -  and  s chedu l e  
commi t men t s .  The  ma nage me n t  o f  t he  s t a r t - up  i nc ludes  u se  o f  va r i ous  
t e c h n i q u e s ,  i n c l u d i n g  d e s i g n  r e v i ews ,  o b j ec t i v es ,  me t r i c s ,  s t a f f  
me e t i n g s  a n d  t e a m b u i l d i n g ,  a mo n g s t  o t h e r s .   
 
T h e  s t r u c t u r e  o f  a n  o r g a n i s a t i o n  i n f l u e n c e s  h o w  p r o j e c t  ma n a g e me n t  
i s  d o n e  i n  t h e  c o m p a n y .  T h e  mo s t  common  o rgan i s a t i ona l  s t r uc tu r e  i s  
a  ma t r i x  s t r u c t u r e .  I n  t h i s  s t r u c t u r e  r e s o u r c e s  a r e  g r o u p e d  i n t o  
f u n c t i o n s .  P r o j e c t  ma n a g e r s  t a k e  r e s o u r c e s  f r o m  t h e  d i f f e r e n t  
f unc t i ons  t o  u se  a s  r e sou rce s  fo r  d e v e l o p me n t  p r o j e c t s .  H o w  m u c h  
r e l a t i v e  po w e r  t h e  fu n c t i o n a l  ma n a g e r s  y i e l d  v e r s u s  h o w  muc h  p o w e r  
t h e  p r o j e c t  ma n a g e r  h a s  i n f l u e n c e s  h o w  t h e  p r o j e c t  i s  ma n a g e d .  A s  
s t a t e d  b e f o r e ,  a  s t a r t - u p  c om p a n y  u sua l l y  does  no t  have  cons t r a in t s  
such  a s  t he se .  The  s t a r t - up  gene ra l l y  works  on  one  o r  two  p ro j ec t s  
t h a t  mi g h t  s h a r e  r e s o u r c e s .  T h e  p ro j ec t  ma nage r  mi gh t  be  a  s en io r  
ma nage r .  The  r ea l  t e s t  o f  p ro j ec t  ma nage me n t  i s  i n  j udg ing  t he  
s u c c e s s  o f  t h e  p r o j e c t .   
 
T h e  s t a g e - g a t e  p r o c e s s  u s e s  i n p u t  f r om a l l  t he  func t i ons  du r ing  t he  
d i f f e r e n t  s t a g e s  o f  t h e  d e v e l o p me n t  c y c l e  t o  ma k e  ‘ g o / k i l l ’  d e c i s i o n s  
d u r i n g  g a t e  me e t i n g s  b e t w e e n  p h a s es .  T he r e f o r e ,  ma n u f a c t u r i n g ,  
ma r k e t i n g  a n d  t h e  c o mp a n y ’ s  s u p p l i e r s  a r e  i n v o l v e d  f r o m  t h e  s t a r t .    
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Figure 5 Design process 

 
T h e  d e t a i l  d e s i g n  i s  s p e c i f i e d  a n d  p u t  u n d e r  f o r ma l  c h a n g e  c o n t r o l .  
T h e  d e t a i l  d e s i g n  i s  t a k e n  f r o m t h e  r e q u i r e me n t s  g i v e n  b y  t h e  
c u s t o me r s ,  e n g i n e e r s  a n d  a n y  f o r ma l  s t a n da r d s .  D o c u me n t a t i o n  t h a t  
d e s c r i b e s  t h e  p r o d u c t  a n d  d e s i g n  d ec i s i o n s  i s  g e n e r a t e d .  T h e  p r o d u c t  
i s  ve r i f i ed  t h rough  t he  t e s t i ng  o f  p r o t o t y p e s .  D e s i g n  i s  a n  i t e r a t i v e  
p roce s s  t ha t  p rog re s se s  t h rou gh  va r ious  p ro to typ ing  phase s  
( Wh e e l w r i g h t  1 9 9 2 : 1 4 8 ) .   
 
M a n u fa c t u r i n g  i s  no t  c o mp l e t e  w h e n  eng inee r ing  f i n i she s  t h e  p r o d u c t .  
M a n u f a c t u r i n g  p l a y s  a  r o l e  f r o m t h e  b e g i n n i n g  o f  t h e  d e v e l o p me n t  
p r o c e s s .  I n p u t  f r o m m a n u f a c t u r i n g  i s  u s e d  t o  g e n e r a t e  k e y  d e s i g n  
r e q u i r e m e n t s .  M a n u f a c t u r i n g ’ s  r o l e  c h a n g e s  a s  t h e  p r o d u c t  m o v e s  
t h r o u g h  i t s  d e s i g n  l i f e - c y c l e .  
 

Table 2 Manufacturing’s role during the development process 

D e v e l o p m e n t  p h a s e  M a n u f a c t u r i n g  a c t i v i t i e s  
C o n c e p t  d e v e l o p m e n t  D e s i g n  p r o c e s s  c o n c e p t s .  
Produc t  por t fo l i o  D e v e l o p  c o s t  e s t i ma t e s  f o r  t h e  p r oc e s s ;  

d e f i n e  t he  a r c h i t e c t u r e  o f  t h e  p r oc e s s .  
S i mu l a t e  t h e  p r o c e s s  a n d  v a l i d a t e  
c o mp o n e n t  s u p p l i e r s .   

D e t a i l e d  d e s i gn  a n d  
d e v e l o p m e n t  

C r e a t e  a  d e t a i l e d  d e s i g n  o f  t h e  p r o c e s s  
a n d  b u i l d  a  f u l l - s c a l e  p r o t o t y p e .  Re f i n e  
t h e  p r o c e s s  a n d  p r o t o t y p e s  i t e r a t i v e l y .  

C o m m e r c i a l  p r e p ar a t i o n  Bui ld  p i l o t  un i t s  and  s t a r t  t he  commerc i a l  
p r o c e s s .  T r a i n  p e r s o n n e l  a n d  v e r i f y  t h e  
s u p p l y  c h a i n .  

Market  in t roduc t ion  R a mp  u p  t h e  p l a n t  f o r  p r o d u c t i o n  t a r g e t s  
a n d  v e r i fy  q u a l i t y ,  y i e l d  a n d  c o s t  t a r g e t s .  
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A  key  s t ep  i n  t he se  p roce s se s  i s  t ha t  t hey  have  t o  be  commun ica t ed  t o  
t he  s t a f f  and  eve ryone  e l s e  i nvo l ved .  Eve ryone  shou ld  t ake  owne r sh ip  
o f  t he  p roce s s .  Th i s  s ense  o f  owne r sh ip  shou ld  s t imu la t e  p rog re s s  and  
n o t  b e c ome  a  h i n d r a n c e .  Th e  s t a r t - up  w i l l  h a v e  a  f l u i d  o r g a n i s a t i o n a l  
s t r u c t u r e ,  d e p e n d i ng  o n  t h e  p r o d u c t  ne e d s ,  i t  w i l l  c h a n ge .  
 
P r o p o s i t i o n  8 :  T h e  s t a r t - up  c o m p a ny ’ s  o r g a ni s a t i o n a l  s t r u c t u r e  w i l l  
c h a n g e  a s  t h e  p r o d u c t  g o a l s  c h a n g e .  
 
3 .2 .10 .  H u m a n  r e s o u r c e  d e v e l o p m e n t  
 
 
T h e  c o mp a n y  mus t  b e  s t a f f e d  w i t h  t h e  c o r r e c t  p e o p l e .  T h e  e mp l o y e e s  
t h e n  h a v e  t o  b e  m o t i v a t ed  t o  p e r f o r m.  T h e i r  c a r e e r s  h a v e  t o  b e  
d e v e l o p e d  a n d  t h e  t e a m mu s t  b e  t r a i ned  t o  work  t oge the r .  
 
Go rdon  Be l l  ( 1991 :19 )  quo t e s  John  Shoch  a s  s ay ing  t ha t  “ l a ck  o f  a  
t e a m i s  t h e  n u mb e r  o n e  c om p a n y  k i l l e r ” .  H e  g o e s  fu r t h e r  a n d  s a y s  
t h a t  a l t h o u g h  t e a m b u i l d i n g  i s  i mp o r t an t  i n  a n y  o r g a n i s a t i o n ,  i t  i s  o f  
c r i t i c a l  i m p o r t a n c e  i n  a  s t a r t - u p  e nv i r o n me n t .  T h e  e m p l o y e e s  i n  a  
s t a r t - u p  m u s t  b e  a b l e  t o  c o m mu n i c a t e  o p e n l y  r e g a r d i n g  a  n u m b e r  o f  
t a s k s  i n c l u d i n g ;  d e f i n i n g  t h e  p r o d u c t  f o r  c u s t o me r s ,  ma n u f a c t u r i n g  
t h e  p r o d u c t ,  r e s o l v i n g  c u s t o me r  p r o b l e ms ,  me e t i n g  o p e r a t i o n a l  a n d  
f i nanc i a l  ob j ec t i ve s ,  and  be ing  commi t t e d  t o  qu a l i t y .  I t  i s  e s p e c i a l l y  
i mp o r t a n t  i n  a  s t a r t - u p  t h a t  t e a m l e a d e r s  a r e  t e c h n i c a l l y  c o mp e t e n t  
p e o p l e  w h o  a r e  n o t  o n l y  i n v o l v e d  i n  ma n a g e me n t  b u t  a l s o  a c t i v e l y  
i n v o l v e d  i n  t h e  d e s i g n  p r o c e s s .  T h i s  h e l p s  t o  c r e a t e  a  b e t t e r  t e a m 
s p i r i t ;  t he  t e a m l e a d e r  c a n  t r u l y  a c t  a s  a  me n t o r  t o  t h e  p e o p l e  u n d e r  
h i m o r  h e r .  T h e  o r g a n i s a t i on  i s  l e a n  f r o m t h e  s t a r t  a n d  i t  i s  e a s i e r  fo r  
t h e  t e a m t o  b u i l d  r e s p e c t  f o r  ma n a g e me n t .  
 
I n  a  s t a r t - u p  i t  i s  i mp o r t a n t  t o  sh o w  r e s p e c t  f o r  t h e  p e r s o n a l  l i v e s  o f  
t h e  s t a f f  a s  t h e  c o mp a n y  i s  u s u a l l y  u n d e r s t a f f e d  d u e  t o  f i n a n c i a l  
c o n s t r a i n t s .  A l s o ,  i f  p e o p l e  a r e  o ve r - s chedu l ed  t he r e  i s  no th ing  t o  
f a l l  b a c k  o n  w h e n  a  c r i s i s  a r i s e s .  A f t e r  y e a r s  o f  h a r d  w o r k ,  o v e r -
s chedu l i ng  and  80  hou r  workweeks  even tua l l y  l e ad  t o  bu rn  ou t  and  
d i s g r u n t l e d  e mp l o y e e s .  I t  i s  i mp o r t a n t  t o  r e w a r d  e mp l o y e e s  i n  
p r o p o r t i o n  t o  t h e  c o n t r i b u t i o n  t h e y  ma k e  t o  t he  o r g a n i s a t i o n .  Re w a r d s  
shou ld  be  ba sed  on  pee r  and  ma na g e me n t  r e v i e w s  o f  t h e  e mp l o y e e ’ s  
p e r f o r ma n c e .  G o r d o n  B e l l  ( 1 9 9 1 : 2 1 )  s ay s ,  h o w e v e r ,  t h a t  “ t h e  me a s u r e  
o f  t h e  t e am’ s  s u c c e s s  i s  h ow  t h e  c o n t r i b u t i o n s  t h a t  i t s  me m b e r s  ma k e  
t h r o u g h  t h e i r  i n d i v i d u a l  r o l e s  c o mbi ne  t o  p roduce  an  ove ra l l  r e su l t  
t h a t  i s  g r e a t e r  t h an  t h e  s u m  o f  t h e  s e p a r a t e  c o n t r i b u t i on s ” .  T h e r e f o r e ,  
t h e  t e a m a s  a  g r o u p  s h o u ld  a l so  be  eva lua t ed .  
 
I n v e s t o r  c a p i t a l  s h o u l d  b e  s p e n t  w i t h  r e s p e c t .  ( G o r d o n  1 9 9 1 : 2 3 )  T h e  
m o n e y  m u s t  b e  u s e d  w i t h  d i s c r e t i o n  b u t  e mp l o y e e s  a l s o  n e e d  t o  h a v e  
t h e  a p p r o p r i a t e  t o o l s  w i t h  w h i c h  t o  p e r fo r m t h e i r  t a s k s .  Whe r e  
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n e c e s s a r y ,  e mp l o y e e s  mu s t  b e  s e n t  o n  i n t e r n a l  a n d / o r  ex t e r n a l  sk i l l s -
d e v e l o p m e n t  t r a i n i n g  p r o g r a ms  s o  t h a t  t hey  a r e  ab l e  t o  p rope r ly  and  
e f f e c t i v e l y  u s e  t h e i r  t o o l s .  
 
T h e  s t a r t - u p  d o e s  n o t  h a v e  t h e  r e s o u r c e s  ( t i m e  i n  p a r t i c u l a r )  t o  s p e n d  
on  t r a i n ing  s t a f f .   The  s t a r t - up  doe s  h o w e ve r  h a ve  a n  e x c e p t i o n a l  
c h a n c e  t o  h e l p  t he  s t a f f  g r o w  i n  t he i r  f i e l d s  o f  e x p e r t i s e ,  i n  ma n y  
c a s e s  e x pa n d i n g  t he i r  h o r i z o n s  a s  t he y  c o mpa n y  n e e d s  c h a n g e .  I n  t h e  
i n i t i a l  p ha s e s  t he  s t a r t - u p  w i l l  p r o ba b l y  n o t  h a v e  a  s e p a r a t e  hu ma n  
r e s o u r c e  d e p a r t me n t .  
 
P r o p o s i t i o n  9 :  T h e  s t a r t - up  c o m p a ny ’ s  human  re source  deve lopmen t  
w i l l  b e  a s  g o o d  a s  t h e  i n d u s t r y .  
 
 
 
3 .3 .  T h e  B e l l - M a s o n  d i a g n o s t i c .  
   
T h e  o n e  d i me n s i o n  mi s s i n g  f r o m t h e  p r ev ious  d i s cus s ion  howeve r ,  i s  
t h a t  t h e  s t a r t - u p  c o mpa n y ’ s  n e e ds  c h a n g e  o v e r  t i me .  G o r d o n  B e l l  
( 1991 :251 )  sugges t s  a  t e chn ique  fo r  eva lua t i ng  a  company’ s  g rowth .  
I t  i s  known  a s  t he  Be l l -Mason  d i agnos t i c  a n d  ha s  f o u r  m a j o r  e l e me n t s  
t o  i t :  

1 .  T h e  f i v e  s t a g e s  o f  c o mp a n y  g r o w t h .  
2 .  T h e  t w e l v e  d i me n s i o n s  t h a t  a r e  me a s u r e d  t o  a s s e s s  a  s t a r t - u p .  
3 .  T h e  r u l e s  u s e d  t o  e v a l u a t e  t h e  t w e l v e  d i me n s i o n s  
4 .  A re l a t i ona l  g r aph  p lo t t ed  aga i n s t  t h e  i d e a l  mo d e l  fo r  s uc c e s s .  

 
T h e  f o u r  e l e me n t s  a r e  d e t a i l e d  b e l o w .   
 
F i r s t l y ,  t h e  l i f e - c y c l e  o f  t h e  s t a r t - u p  c o mp a n y  c a n  b e  d i v i d e d  i n t o  
f i ve  d i f f e r en t  s t age s .  
 
T h e  f i r s t  s t a g e ,  k no w n  a s  t he  c o n c e p t  s t a g e ,  i s  w h e r e  t he  i d e a  f o r  t he  
c o mp a n y  i s  f o r mu l a t e d .  T h e  o u t p u t  o f  t h e  c o n c e p t  s t a ge  i s  a  b u s i n e s s  
p l a n .   
 
T h e  s e c on d  s t a ge  i s  t h e  se e d  s t a ge .  I n  t h e  s e e d  s t a g e ,  mo n e y  i s  
s e c u r e d  f r o m i n v e s t o r s ,  t h e  t e a m i s  p u t  t o g e t h e r ,  a nd  t he  p roduc t  and  
f i n a n c i a l  g o a l s  a r e  a l i g n e d .   
 
T h e  t h i r d  s t a ge  i s  t h e  produc t  deve lopment  s tage .  Th i s  s t age  can  be  
d i v i d e d  i n t o  f o u r  p a r t s :  h i r i n g ,  d e s i g n  and  bu i ld ,  a lpha  t e s t ing ,  
and  be ta  t e s t ing .  
 
T h e  f o u r t h  s t a g e  i s  t h e  m a r k e t  d e v e l o p m e n t  s t a g e  whe re  t he  p roduc t  
i s  p r e p a r e d  f o r  a n d  i n t r o du c e d  i n t o  t h e  ma r k e t .  T h i s  p h a s e  c a n  b e  
d i v i d e d  i n t o  t h e  m a r k e t  c a l i b r a t i o n  s t a g e ,  ma r k e t  e x p a n s i o n  s t a g e  a nd  
s t e ady - s t a t e  ope ra t i on  s t age .  
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T h e  f i f t h  s t a g e  i s  t h e  s t e a d y  s t a t e  s t ag e .  T h e  c o mpa n y  h a s  t o  p r o d u c e  
new  p roduc t s  du r ing  t h i s  s t age  t o  r ema in  succe s s fu l .  
 
S e c o n d l y ,  e v e r y  s t a g e  i s  eva l u a t e d  a c c o r d i n g  t o  t h e  s a me  t we l ve  
d imens ions .  T h e  c o mpa n y  h a s  t o  b e  i n  b a l a n c e  a c r o s s  a l l  t he  
d ime ns ions  be fo r e  mov ing  on  t o  t he  nex t  s t age .  The  twe lve  
d i me n s i o n s  a r e :  t h e  b u s i ne s s  p l a n ,  m a rk e t i n g ,  s a l e s ,  t h e  C E O ,  t h e  
t e a m ,  t he  b o a r d  o f  d i r e c t o r s ,  m o ne y ,  f i n a nc e  a b i l i t y ,  o p e r a t i o n s  
c o n t r o l ,  t e c h n o l og y  a n d  e n g i n e e r i n g ,  p r o d u c t ,  a n d  m a n u f a c t u r i n g .  
 
T h e  t e c h n o l o g y  a n d  e n g i n e e r i n g  d i mens ion  ha s  t o  be  j udged  t o  be  
s u p e r i o r  s o  t h a t  t e c h n o l o g y  c a n  b e  c h a n g e d  i n t o  q u a l i t y  p r o d u c t s  t i me  
a n d  t i me  a g a i n .  A c c o r d i n g  t o  B e l l ,  t h e  c o mp a n y ’ s  t e c h n o l o g y  b a l a n c e  
shee t  ha s  t o  i nc lude  de s ign ,  qua l i t y  and  o the r  p roce s se s ,  p ro j ec t  
p l a n n i n g ,  e n g i n e e r i n g  s p e c i f i c a t i o n s ,  ma n u f a c t u r i n g  s p e c i f i c a t i o n s ,  
a n  e x t r e me l y  c o m p e t e n t  c h i e f  t e c h n i ca l  o f f i c e r ,  and  good  ope ra t i ona l  
c u l t u r e  a m o n g s t  o t h e r  d i me n s i o n s .  Th i s  d i me n s i o n  i s  t h e  o n e  d e t a i l e d  
i n  t h i s  d i s s e r t a t i o n .  D u r i n g  t h e  d a t a  ana ly s i s  and  ga the r i ng  p roce s s  
t h i s  d i me n s i o n  w i l l  b e  c o n c e n t r a t e d  o n ,  i t  w i l l  t h e r e f o r e  a l s o  b e  t h e  
d i me n s i o n  t h a t  w i l l  b e  j u d g e d  c r i t i c a l l y  i n  t h e  c a s e  o f  Z y r a y  
Wi r e l e s s .  
 
T h e  p r o du c t  i t s e l f  i s  j u dg e d  a c c or d i n g  t o  i t s  u n i q u e n e s s  i n  t h e  
ma r k e t ,  a n d  t h e  b e n e f i t s  i t  o f f e r s  a s  w e l l  a s  i t s  p r i c e  a r e  me a s u r e d  
a g a i n s t  i t s  c o mp e t i t o r s ’  p r o d u c t s .  T h e  c o m p a n y  mu s t  b e  a b l e  t o  
d e l i v e r  t h e  p r o d u c t ,  s u p p o r t  i t  a n d  b u i l d  t h e  n e x t  g e n e r a t i o n  o f  
p roduc t s .  
 
T h e  c o m p a n y ’ s  m a n u f a c t u r i n g  p r o c e s s ,  w h e t he r  i n t e r na l  o r  e x t e r n a l ,  
m u s t  b e  j u d g e d  t o  b e  a b l e  t o  d e l i ve r  supe r io r  qua l i t y  p roduc t s  on  
s c h e d u l e .  I n v e n t o r i e s  o f  t h e  p r o d u c t  mus t  b e  k e p t  a t  o p t i mu m l e v e l s  
s o  t h a t  p r o d u c t  i s  a v a i l a b l e  t o  t h e  c o m p a n y ’ s  c l i e n t s .  
 
The  company  ha s  t o  have  a  r e a l i s t i c ,  work ing  bus ine s s  p l an .  
P r e s u ma b l y  t h e  p l a n  w o u l d  h a v e  b ee n  r e v i e w e d  b y  i n v e s t o r s  a n d  i t  
w o u l d  c o n t a i n :  a  mi s s i o n  a n d  v i s i on  s t a t emen t ,  a n  ou t s t and ing  
t e c h n o l o g y  p l a t f o r m ,  a  p r o d u c t  s t r a t egy ,  a  ma rke t i ng  and  s a l e s  
s t r a t e g y ,  a  h u ma n  r e s o u r c e s  a n d  r e wa rd  s t r uc tu r e  a s  we l l  a s  de t a i l ed  
f i n a n c i a l  r e q u i r e m e n t s .  T h e  p r o d u c t  a n d  f i n a n c i a l  mi l e s t o n e s  h a v e  t o  
be  spe l l ed  ou t  and  need  t o  be  ach i evab l e .  
 
T h e  c o m p a n y  h a s  t o  h a v e  a  d e t a i l e d  ma r k e t i n g  p l a n .  Th e  p l a n  h a s  t o  
s p e l l  o u t  t h e  p r o d uc t  d e t a i l s ,  w h o  t h e  b u y e r s  w i l l  b e ,  h ow  t h e  p r o d u c t  
w i l l  f u l f i l  r e q u i r e me n t s ,  w h e r e  t h e  p r o d u c t  w i l l  b e  so l d  a n d  w h e n  t h e  
p r o d u c t  h a s  t o  b e  s o l d .  
 
T h e  c o m p a n y  h a s  t o  b e  j u d g e d  t o  have  an  excep t i ona l  s a l e s  ma nage r  
a n d  a  c om p e t e n t  s a l e s  t e a m .  
 
The  CEO has  t o  be  j udged  ve ry  c r i t i c a l l y .  I t  i s ,  a f t e r  a l l ,  t he  CEO 
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w h o  ma k e s  a l l  t h e  c r u c i a l  d e c i s i o n s .  T h e  C E O  m u s t  b e  a b l e  t o  ma n a g e  
e mp l o y e e s  u n d e r  h i m,  h a v e  s t r o n g  l e a de r sh ip  capab i l i t i e s ,  c r ea t e  t he  
c o mp a n y  c u l t u r e  a n d  b e  ab l e  t o  a t t r a c t  i nves t o r s  and  buye r s  t o  t he  
c o mp a n y .  
 
T h e  t o p - l e v e l  ma n a g e me n t  t e a m h a s  t o  b e  c o m p r i s e d  o f  h i g h - q u a l i t y  
p e o p l e .  T h e y  h a v e  t o  b e  a b l e  t o  b u i l d  a n d  a t t r ac t  t o p - l e ve l  p e r s o nn e l .  
T h e y  mu s t  b e  a b l e  t o  f unc t i on  t oge the r  a s  a  t e am and  a l so  be  
i nnova t i ve .   
 
The  boa rd  o f  d i r ec to r s  mu s t  know the  bus ine s s  t he  company  i s  i n .  
T h e y  mus t  b e  a b l e  t o  g u i de  t h e  c o mpa n y  w h e n  n e c e s sa r y  a n d  a t t r a c t  
t h e  b e s t  p e o p l e  t o  t h e  c o mpa n y  t o  h e l p  w i t h  g r o w t h ,  t e c h n o l o g y ,  s a l e s  
a n d  ma r k e t i n g .  T h e  b o a r d  m u s t  b e  ab l e  t o  r ev i ew  and  j udge  t he  
s t r a t e g i c  p l a n s  o f  t h e  c o mp a n y  a n d  i t s  p r o d u c t s .  
 
C a s h - f l o w  i s  w h a t  ma k e s  o r  b r e a k s  ma n y  c o m p a n i e s .  T h e  c o m p a n y  
m u s t  h a v e  t h e i r  e x p e n d i t u r e  u n d e r  c o n t r o l  a n d  mu s t  b e  a b l e  t o  
a c c u r a t e l y  p r e d i c t  h o w  mu c h  mo n e y  i s  a va i l a b l e  a n d  h o w  mu c h  i s  
u s e d  s o  t h a t  t he  ma n a g e r s  a r e  c l ea r l y  aware  o f  whe n  new  money  
n e e d s  t o  b e  b r o u g h t  i n .  
 
T h e  c o mp a n y  mu s t  b e  a b l e  t o  a t t r a c t  enough  i nves to r s  f o r  subsequen t  
r ounds  o f  f und ing .  I nves to r s  w i l l  on l y  f i n a n c e  t h e  c o m p a n y  i f  t h e y  
s e e  g r o w t h - p o t e n t i a l  i n  t h e  ma r k e t  t h e  c o mp a n y  i s  i n .   
 
C o n t r o l  h a s  t o  b e  ma i n t a i n e d  t h r o u g h o u t  t h e  c o mpa n y .  E v e r y o n e  i n  
t he  company  mus t  know the  goa l s  o f  t h e  c o m p a n y  a n d  t h e i r  r o l e  i n  
a c h i e v i n g  t h e s e  r o l e s .  I t  i s  i mp o r t a n t  t h a t  e v e r y o n e  k n o w s  w h e n  
mi l e s t o n e s  a r e  t o  b e  r e a c h e d  a n d  h o w  i mp o r t a n t  t he y  a r e  fo r  t he  
c o mpa n y ’ s  s u c c e s s .  
 
T h i r d l y ,  r u l e s  h a ve  t o  be  u s e d  t o  e v a l u a t e  e a c h  d i m e n s i o n .  Th e s e  
r u l e s  c a n  b e  s e e n  a s  r e q u i r e me n t s  f o r  e v e r y  d i me n s i o n .  S p e c i f i c  
q u e s t i o n s  a r e  a s k e d  i n  o r d e r  t o  e v a l u a t e  h o w  w e l l  t h e  c o mpa n y  d o e s  
i n  e a c h  o f  t h e  d i me n s i o n s .  T h e  r u l e s  ma y  c a r r y  d i f f e r e n t  w e i g h t s  
d e p e n d i ng  o n  t h e  c r i t i c a l i t y  o f  e a c h  i s s u e  a t  a  s p e c i f i c  p o i n t  i n  t i me .  
Q u e s t i o ns  a r e  f o r m u l a t e d  f r o m a  h e u r i s t i c  o bs e r v a t i o n  t h a t  d e f i n e d  a  
r u l e .   
 
F o r  e x a m p l e ,  t h e  h e u r i s t i c  o b s e rv a t i o n  w a s  ma d e  t h a t  s o f t w a r e  
e n g i n e e r s  ma k e  b e t t e r  c o d e  w h e n  t he i r  p e e r s  r e v i e w  t h e i r  c o de .  T h e  
r u l e  i s  t h e r e f o r e  t h a t  e n g i n e e r i n g  compan ie s  shou ld  have  a  code  wa lk -
t h rough  a s  a  pa r t  o f  t he  de s ign  p r o c e s s .  Th e  q u e s t i o n  d e f i n e d  i s  
t h e r e f o r e ,  “ D o e s  t h e  c o mpa n y  h a v e  s o me  p r o c e s s  t h a t  i n c l u d e s  c o d e  
w a l k - t h r ou g h  a s  a  w a y  t o  e n s u r e  q u a l i t y? ”  T he  r u l e  h a s  a  y e s  o r  n o  
a n s w e r .  
 
I f  t he  company  canno t  an swer  ‘ye s ’  t o  t h e  q u e s t i o n  i t  mus t  d e c i d e  
w h e t h e r  t h e  q u e s t i o n  i s  r e l e v a n t ,  i r r e l evan t  o r  whe the r  o r  no t  t hey  
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have  found  a  be t t e r  way  t o  a ch i eve  t he  goa l  t han  t he  ru l e  p rov ide s .  
D e p e n d i n g  o n  t h e  a n s w e r s  t h e  c o mp a n y  can  move  fo rwa rd  t o  t he  nex t  
p h a s e .   
 
N o t e  t h a t  t h e  r u l e s  b e c o me  m o r e  s t r i n g e n t  a s  t h e  c o mp a n y  g r o w s .  
 
T h e  f o u r t h  d i me n s i o n  i s  a  r e l a t i o n a l  g r a p h .  T h e  g r a p h  i s  a  t y p e  o f  
p o l a r  c o o r d i n a t e  g r a p h .  T h e  l i f e - c yc l e  p h a s e  i s  p l o t t e d  g o i n g  o u t w a r d  
f r o m t h e  c e n t r e  o f  t h e  g r a ph .  T h e  t w e l v e  d i me n s i o n s  f o r m t h e  l i n e s  
e x t e n d i n g  f r o m t h e  c e n t r e .  E v e r y  d ime n s i o n  i s  s c o r e d  a c c o r d i n g  t o  
t he  l i f e - cyc l e  phase  t he  g r aph  i s  c r ea t ed  fo r .  Eve ry  d ime ns ion  shou ld  
a t  l e a s t  be  w i t h  t he  mi n i mu m a n d  ma x i mu m s c o r e  f o r  t he  c u r r e n t  a n d  
t h e  n e x t  p h a s e .  T h e  mos t  i mp o r t a n t  d i me n s i o n s  c h a n g e  a s  t h e  
c o mpa n y  mo v e s  t h r o u g h  i t s  l i f e - cyc l e .  Dur ing  va r i ous  l i f e - cyc l e  
s t a g e s ,  t he  e mp h a s i s  s h i f t s  t o  d i f f e r e n t  d i me n s i o n s .  
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4 .  Research des ign 
 
R e s e a r c h  d e s i g n  i s  d e f i n e d  a s  t h e  t e c h n i c a l  p l a n  t h a t  a t t e m pt s  t o  
l ink  the  beg inn ing  and  end  o f  a  s t u d y ,  h e l p i n g  t h e  i n v e s t i g a to r  g e t  
f r o m  t h e  s t a r t  t o  t h e  f i n i sh  ( Y i n  1 9 9 3 : 4 5 ) .  T h e  d e s i g n  mu s t  e n s u r e  
t h a t  t he  d a t a  c o l l e c t e d  i s  p e r t i n e n t  t o  t he  r e s ea r ch  ques t i on  a sked .  
T h e  d a t a  m u s t  t h e n  b e  i n t e r p r e t e d  i n  a  l o g i c a l  w a y .   
 
T h e  r e s e a r c h  m e t h o d  f o l l o w e d  i n  t h i s  d i s s e r t a t i o n  w a s  a  case  s tudy  
r e s e a r c h  m e t h o d o l o g y  u s i n g  a n  i n t e r p r e t i v e  p h i l o s o p hy .   
 
R e s e a r c h  me t h o d s  c a n  b e  c l a s s i f i e d  a s  b e l o n g i n g  t o  e i t h e r  
q u a n t i t a t i v e  r e s e a r c h  me t h o d s  o r  q u a l i t a t i v e  r e s e a r c h  me t h o d s  (  
M y e r s  2 0 0 2 ) .   
 
Q u a n t i t a t i v e  me t h o d s  a r e  u s e d  b y  t h e  n a t u r a l  s c i e n c e s  t o  de sc r i b e  
na tu r a l  phenomena .  Quan t i t a t i ve  me thods  i nc lude  su rveys ,  l abo ra to ry  
e x p e r i me n t s  a n d  nu me r i c a l  me t h o d s .  Q u a l i t a t i v e  r e se a r c h  i s  u se d  b y  
t h e  s oc i a l  s c i e nc e s  t o  de s c r i be  soc i a l  and  cu l t u r a l  phenome na .  
E x a mp l e s  o f  q u a l i t a t i v e  r e s e a rc h  a r e  a c t i on  r e s e a r ch ,  c a s e  s t u d y  
r e s e a r c h  a n d  e t h n o g r a p h y .  D a t a  s o u r c e s  i n c l u d e :  o b s e r v a t i o n ,  
p a r t i c i p an t  o b s e r va t i o n ,  i n t e r v i e w s ,  documen t s  and  t he  r e sea r che r ’ s  
i mp r e s s i o n s .  
 
W h e t h e r  a  p e r s o n  i s  c o n d u c t i n g  q u a l i t a t i v e  o r  q u a n t i t a t i v e  r e sea r c h ,  
s o me  u n d e r l y i n g  p h i l o s o p h i c a l  a s s ump t ions  abou t  t he  va l i d i t y  o f  t he  
r e s e a r c h  me t h o d s  h a v e  t o  b e  mad e .  M i c h a e l  M y e r s  ( 2 0 0 2 )  s u g g e s t s  
t h e  a d o p t i o n  o f  t h r e e  c a t e g o r i e s  o f  r e s e a r c h  b a s e d  o n  t h e  u n d e r l y i n g  
r e s e a r c h  e p i s t e mo l o g y  ( a s s u m p t i o n s  a b o u t  k n o w l e d g e  a n d  h o w  i t  c a n  
b e  o b t a i n e d ) :  p o s i t i v i s t ,  i n t e r p r e t i v e  a n d  c r i t i c a l .   
 
P o s i t i v i sm  t e s t s  t h e o r y  i n  a n  a t t e mp t  t o  i n c r ea s e  t h e  p red i c t i v e  
unde r s t and ing  o f  phenomena .  Resea r ch  c a n  b e  c l a s s i f i e d  a s  p o s i t i v i s t  
i f  t h e r e  i s  e v i d e n c e  o f  f o r m a l  p r o po s i t i o n s ,  q u a n t i f i a b l e  
m e a s u r e m e n t  o f  v a r i a b l e s ,  h y p o t hes i s  t e s t ing  and  the  d rawing  o f  
in f e rences  abou t  a  phenomenon  f rom the  samp le  t o  a  s t a t ed  
popu la t i on  ( M y e r s  2 0 0 2 ) .  
 
I n t e r p r e t i v e  s t u d i e s  t r y  t o  u n d e r s t and  phenomena  t h rough  t he  
me a n i n g s  t h a t  p e op l e  a s s i gn  t o  t he m .  I n t e r p r e t i v e  r e s e a r c h  d o e s  n o t  
d e f i n e  d e p e n d a n t  a n d  i n d e p e n d e n t  v a r i a b l e s ,  b u t  f o c u s e s  o n  t h e  f u l l  
c o mp l e x i t y  o f  h u m a n  s e n s e - ma k i n g .  
 
T h e  ma i n  t a s k  o f  c r i t i c a l  r e s e a r c h  i s  t o  d e l i v e r  s oc i a l  c r i t i q u e .  
A l t h o u g h  p e o p l e  c a n  a c t  t o  c h a n g e  t h e i r  c i r c u ms t a n c e s  t h e y  a r e  
cons t r a ined  by  fo rms  o f  s oc i a l ,  c u l t u ra l  a nd  p o l i t i ca l  d o mi n a t i o n .  
C r i t i c a l  r e s e a r c h  a i ms  t o  e l i mi n a t e  t h e  c a us e s  o f  a l i e n a t i o n  a n d  
d o mi n a t i o n .  
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Q u a l i t a t i v e  r e s ea r c h  h a s  fo u r  ma i n  r e s e a rc h  me t h o d s .  T h e s e  a r e  
ac t i on  r e search ,  e thnograph ic  r e sear c h ,  g r ou n d e d  t h e o r y  r e s e a r c h  
and  case  s tudy  r e search  ( M y e r s  2 0 0 2 ) .  T h e  r e s e a r c h  me t h o d  
i n f l u e n c es  t h e  w a y  i n  w h i c h  t h e  r e s e a r c h e r  g a t h e r s  d a t a .  E a c h  me t h o d  
c a n  b e  a d d r e s s e d  u s i n g  a n y  o n e  o f  t h e  t h r e e  r e s e a r c h  p h i l o s op h i e s  
p r e v i o u s l y  me n t i o n e d .   
 
C a s e  s t u d y  r e s e a r c h  f a l l s  u n d e r  t h e  e mp i r i c a l  r e s e a r c h  d e s i g n  g r o u p  
( M o u t o n  2 0 0 1 : 1 4 8 ) .  C a s e  s t u d y  r e s e a r c h  i s  qua l i t a t i ve  i n  na tu r e  and  
i s  i d e a l  f o r  d e s c r i b i n g  a  p a r t i c u l a r  b u s i n e s s  s i t u a t i o n .  A c c o r d i n g  t o  
R o b e r t  Y i n  ( 1 9 9 3 : 4 6 )  t h e  c a s e  s t u d y  ap p r o a c h  c a n  b e  u s e d  t o  d e f i n e  
s p e c i f i c  q u e s t i o n s  a h e a d  o f  t i me ,  t o  e mu l a t e  l o g i c a l  p o s i t i v i s m i n  
d e v e l o p i n g  r i v a l  h y p o t h e s e s  a n d  t o  co l l e c t  ev idence  bea r ing  on  t he se  
ques t i ons ,  and  f i na l l y  t o  c a r ry  ou t  f i e l d  w o r k  i n  a  t a r g e t e d  f a s h i o n .  
L o g i c a l  pos i t i v i s m  i s  t h e  p h i l o s o p h i c a l  s c h o o l  o f  t hough t  t ha t  en t a i l s  
t h e  proces s  o f  deve lop ing  hy po these s ,  co l l e c t ing  emp i r i ca l  da ta  and  
d e v e l o p i n g  c o n c l u s i o n s  b a s e d  o n  t h e  a n a l y s i s  o f  s u c h  d a t a .   
 
Acco rd ing  t o  Robe r t  Y in  (1993 :44 )  Ca se  s t udy  r e sea r ch  i s  t he  be s t  
w a y  t o  c a p t u r e  d y n a mi c a l l y  c h a ng i n g  c o nd i t i o n s .  F i r s t ,  t he  mo s t  
i mp o r t a n t  q u e s t i o n s  t h a t  s h o u l d  b e  a s k e d  a t  t h e  s t a r t  o f  a  c a s e  s t u d y  
r e s e a r c h  p r o c e s s  wi l l  be  d i sc u s s e d .   
 
A  c a s e  s t u d y  r e s e a r c h  d e s i g n  s h o u l d  a n s w e r  t h e  f o l l o w i n g  q u e s t i o n s  
( Y i n  1 9 9 3 : 4 3 ) :  
 

1 .  H o w  w i l l  t h e  c a se  b e  d e f i n ed ?  
2 .  A r e  s i n g l e  o r  mu l t i p l e  c a se  s t u d i e s  g o i n g  t o  b e  p e r fo r me d ?  I f  

m u l t i p l e  c a s e  s t u d i e s  w i l l  be  p e r fo r m e d ,  w h e n  a n d  i n  w h a t  o r d e r  
w i l l  t he y  b e  p e r fo rme d  s h o u l d  b e  n o t e d .  

3 .  How shou ld  t he  s t udy  be  bounde d  w i th  r ega rd  t o  t ime ,  
p a r t i c i p an t s  a n d  r e l e v a n t  ev i d e n c e?  

4 .  What  i s  t o  be  p roved ,  conc luded  and  obse rved?  
5 .  H o w  s h o u l d  t h e  r e s e a r c h e r  d e c i d e  w h o m t o  i n t e r v i e w a n d  h o w  

l o n g  t h e  i n t e r v i e ws  mus t  b e .  Wha t  i n s t r u me n t s  s h o u l d  b e  u s e d ,  
i f  a n y ?  

6 .  H o w  s h o u l d  o t h e r  s o u r c e s  o f  e v idence  be  t r e a t ed?  How shou ld  
t h e  s i t u a t i o n  b e  t r e a t e d  i f  t he  c o mpa n y  c h a n g e s  d r a s t i c a l l y?  

7 .  W h a t  mu s t  b e  d o n e  w i t h  t h e  n o t e s  when  eve ry th i ng  i s  t o  be  
w r i t t e n  up?  

 
 
 
4 .1 .  D e f i n i n g  t h e  t y p e  o f  c as e  ( u n i t  o f  a n a l y s i s ) .  
 
Accord ing  t o  Robe r t  Y in  (1993 :47 )  t he  un i t  o f  ana ly s i s  o r  un i t  o f  
s t u d y  mu s t  b e  d e f i n e d ,  a s  t h i s  b e c o me s  t h e  ma i n  a n a l y t i c a l  l e v e l  f o r  
t h e  c a s e  b e i n g  s t u d i e d .   
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R o b e r t  Y i n  ( 1 9 9 3 : 4 8 )  s t a t e s ,  “ A  k ey  c h a l l e n g e  i n  c o n s t r u c t i n g  a n  
accep t ab l e  c a se  s t udy  r e sea r ch  de s ign  i s  t o  e n s u r e  t h a t  t he  ma j o r  
q u e s t i o n s  o f  s t u d y  a r e  p e r t i n e n t  t o  t h e  s e l e c t e d  u n i t  o f  a n a l y s i s .  I f  
t h e  q u e s t i o n s  d o  n o t  c o i n c i d e  w i t h  t h e  u n i t  o f  a n a l y s i s ,  t h e  d a t a  
c o l l e c t e d  m a y  n o t  a ns w e r  t h e m  e i t h e r ” .  
 
T h e  u n i t  o f  a n a l y s i s  f o r  t h e  c a se  s t u d y  w i l l  b e  t h e  produc t  
d e v e l o pm e n t  p r o c e s s  f o l l o w e d  i n  t h e  s t a r t - u p  c o m p a n y .  
  
T h i s  w i l l  b e  t h e  m a j o r  u n i t  o f  a na l y s i s .  R o b e r t  Y i n  ( 1 9 9 3 : 4 8 )  p o i n t s  
o u t  t h a t  e m b e d d e d  u n i t s  o f  a n a l y s i s  m a y  b e  u s e d  a s  l o n g  a s  t h e  m a j o r  
q u e s t i o n s  r e ma i n  a t  t h e  s a m e  l e v e l  a s  t h e  ma j o r  u n i t  o f  a n a l y s i s .  
 
T h e r e fo r e  e mb e d d e d  u n i t s  o f  a n a l y s i s  w i l l  b e  d e f i n e d  a s  n e c e s s a r y  a s  
l ong  a s  t he  ques t i ons  a sked  a t  an  embedded  l eve l  co inc ide  w i th  t he  
ma j o r  u n i t  o f  a n a l ys i s .  
 
4 . 2 .  Type  o f  ca se  s tudy  methods  
 
C a s e  s t ud y  r e s e a r c h  o f f e r s  a  l o t  o f  cho i ce s  a s  t o  t he  t ype  o f  c a se  
s t udy  me thodo logy  t o  f o l l ow  (Ga r son  2003 ) .  T h e  t w o  b i g g e s t  f a c t o r s  
a r e ,  h o w e v e r ,  t h e  n u m b e r  o f  e n t i t i e s  s tud i ed  and  the  bound ing  o f  
the  s tudy  ove r  t ime .   
 
T h e  f i r s t  t w o  t y pe s  o f  c a se  s t u d i e s  a r e  mo r e  f o c u s e d  o n  t h e  s i n g l e  
c a s e  d e s i g n  p h i l o s o p h y .  T h e  f i r s t  p o s s ib i l i t y  i s  t he  snapsho t  c a se  
s t u d y  w h e r e  a n  e n t i t y  i s  s t ud i e d  a t  one  p o i n t  i n  t i me  i n  d e t a i l .   
 
T h e  n e x t  p o s s i b i l i t y  i s  t h e  l o n g i t u d i n a l  c a s e  s t u d y  w h e r e  a n  e n t i t y  i s  
s t u d i e d  ov e r  mu l t i p l e  p o i n t s  i n  t i me .   
 
T h i r d  i s  t h e  p r e - p o s t  c a se  s t u d y  w h e r e  o ne  o r  mu l t i p l e  r e se a r c h  
e n t i t i e s  a r e  s t u d i ed  b e fo r e  a n d  a f t e r  a  c r i t i c a l  e v e n t .  
 
F o r t h  i s  t h e  p a t c h w o r k  c a s e  s t u d y  me t h o d .  T h i s  e n t a i l s  t h e  s t u d y  o f  
m u l t i p l e  e n t i t i e s  u s i n g  s n a ps h o t ,  l o ng i t u d i na l  a n d  o r  p re / p o s t  d es i g n s .  
I t  p r o v i d e s  a  mo r e  w h o l i s t i c  v i e w  o f  t h e  r e s e a r c h  s u b j e c t .  
 
T h e  f i n a l  p o s s i b i l i t y  i s  t h e  c o mp a r a t i v e  c a s e  s t u d y ,  w h i c h  i n v o l v e s  
t h e  q u a l i t a t i v e  o r  q u a n t i t a t i v e  c o mpa r i s o n  o f  mu l t i p l e  c a s e  s t u d i e s  
a n d  mu l t i p l e  r e se a rc h  e n t i t i e s .  
 
T h e  Z y r a y  c a s e  s t u d y  w i l l  f o l l o w  a  l o n g i t u d i na l  mo d e l .  T h e  
i n v e s t i g a t o r  u s e d  t h e  p a r t i c i p a n t  obse rva t i on  me thod  due  t o  work ing  
f o r  t h e  c o m p a n y  f o r  t h e  d u ra t i on  o f  t he  ca se  s t udy .  
 
O n e  o f  t h e  b i g g e s t  i s s u e s  w i t h  c a s e  s t u d y  r e s e a r c h  i s  h o w  
r e p r e s e n t a t i v e  t he  c a s e  s t u d i e d  i s .  C a s e  s t u d i e s  c a n no t  b e  
r e p r e s e n t a t i v e  o f  t h e  e n t i r e  p o p u l a t i o n ,  t h e r e f o r e  o v e r - g e n e r a l i z a t i o n s  
c a n n o t  b e  ma d e .  I n  c a s e  s t u d y  r e s e a rc h  g e n e r a l i z a t i o n s  a r e  ma d e  t o  a  
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t h e o r y  b a s e d  on  c a s e s  t h a t  r e p r e s e n t  t h a t  t h e o r y ,  n o t  on  
gene ra l i z a t i ons  abou t  t h e  wh o l e  p o p u l a t i o n .  
 
The  ca se  t o  be  s t ud i ed  shou ld  be  d r i ven  by  t he  t heo ry  be ing  
i n v e s t i g a t e d .  C a se s  a v a i l a b l e  i n  t he  l i t e r a t u r e  t h a t  c l a i m t h e o r i e s  
o t h e r  t h a n  t h e  o n e  s u g g e s t e d  mu s t  a l s o  b e  c i t e d .  I t  h e l p s  t o  
i n v e s t i g a t e  c o n t r a s t i n g  t h e o r i e s .  
 
B e c a u s e  t h e  c a se  s t u d i e d  he r e  i s  a  s i n g l e  c a s e  i t  i s  no t  p o s s i b l e  t o  
g e n e r a l i z e  t h e  r e s u l t s  t o  t h e  w h o l e  p o p u l a t i o n .  T h e  r e s u l t s  o b t a i n e d  
h e r e  w e r e  c o mp a r e d  t o  c u r r e n t  i n d u s t r y  r e s u l t s  b u t  n o t  g e n e r a l i z e d  t o  
t h e  r e s t  o f  t h e  i n d u s t r y .  
 
4 . 3 .  B o u n d a r i e s  o f  t h e  c a s e  s t u d y  
 
D a t a  c a n  b e  c o l l e c t e d  i n  o ne  o f  t wo  f a sh ions :  i t  c an  be  co l l e c t ed  once  
o v e r  a  s h o r t  p e r i o d  o f  t i me  o r  a  n um b e r  o f  t i me s  o v e r  a  l o n g e r  p e r i o d  
o f  t i me .  I n  t he  f i r s t  c a s e  po s t - h o c  l ong i t ud ina l  da t a  i s  co l l e c t ed ,  i n  
t h e  s e c o n d  c a s e  t r u e  l o n g i t u d i n a l  da t a  i s  co l l e c t ed  (Y in  1993 :47 ) .   
 
Da t a  ga the r ed  fo r  t h i s  d i s s e r t a t i on  was  co l l e c t ed  ove r  a  l ong  pe r i od  
o f  t i me ,  t h e r e f o r e ;  t r u e  l o n g i t u d i n a l  d a t a  cou ld  be  co l l e c t ed .  The  da ta  
c o l l ec t e d  s p a n s  t h e  t i m e  f r o m  t h e  s t a r t  o f  t h e  c o m p a n y  t o  t h r e e  
y e a r s  l a t e r .  T h i s  w a s  ma d e  p o s s i b l e  b y  t h e  f a c t  t h a t  t h e  i n v e s t i g a t o r  
a l s o  w o r ks  f o r  t h e  c o mpa n y .   
 
B e f o r e  d a t a  c a n  b e  c o l l e c t e d  a  s t r a t e g y  h a s  t o  b e  f o r mu l a t e d  f o r  
ana ly s ing  t he  da t a .  By  knowing  how the  da t a  ha s  t o  be  ana ly sed  i t  
w i l l  b eco me  c l e a r e r  a s  t o  h o w  t h e  d a t a  h as  t o  be  c o l l ec t e d  ( Y i n  
2002 :99 ) .  
  
4 . 4 .  Analys i s   
 
Accord ing  t o  Y in  (2002 :99 )  t he  u l t ima t e  g o a l  i s  t o  t r e a t  t h e  e v i d e n c e  
f a i r l y ,  t o  p r o d u c e  c o mpe l l i n g  a n a l y t i c a l  c o n c l u s i o n s ,  a n d  t o  r u l e  o u t  
a l t e r n a t i ve  i n t e r p r e t a t i o n s .  T h e  r o l e  o f  t h e  g e n e r a l  a n a ly t i c a l  s t r a t e g y  
i s  t o  h e l p  t h e  r e s e a r c h e r  c h o o s e  b e t w e e n  d i f f e r e n t  a n a l y t i c a l  me t h o d s .  
A c c o r d i n g  t o  Y i n  ( 2 0 0 2 : 1 0 0 )  t w o  g e n e ra l  ana ly t i c a l  s t r a t e g i e s  e x i s t .  
T h e s e  t w o  s t r a t e g i e s  a r e :  r e l y i n g  o n  t h e o r e t i c a l  p r o p o s i t i o n s  a n d  
d e v e l o p i n g  a  c a s e  d e s c r i p t i o n .   
 
T h e  f i r s t  s t r a t e g y  p r o p o s e s  t h a t  t he  r e s ea r che r  shou ld  fo l l ow  the  
t heo re t i c a l  p r epos i t i ons  t ha t  l ed  t o  t he  ca se  s t udy  i n  t he  f i r s t  p l ace .  
T h i s  r e f l e c t s  a  s pe c i f i c  s e t  o f  r e s e a r c h  q u e s t i o n s ,  l i t e r a t u r e  t o  r e v i e w 
a n d  n e w  i n s i g h t s  t o  b e  ma d e .  T h e  r e sea r ch  p roposa l  shou ld  gu ide  t he  
r e s e a r c h e r  a s  t o  w h i c h  d a t a  t o  c o l l e c t  a n d  f o c u s  o n ,  a n d  w h i c h  d a t a  t o  
i g n o r e .  
 
T h e  s e c o n d  s t r a t e g y  r e q u i r e s  t h e  r e se a r c h e r  t o  d e v e l o p  a  d e s c r i p t i v e  
f r a me w o r k  f o r  o r g a n i z i n g  t h e  c a s e  s tu d y .  T h i s  s t r a t e g y  c a n  b e  u s e d  a s  
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a n  a l t e r na t i v e  t o  t h e  f i r s t  i f  t h e o re t i ca l  p r o p os i t i o n s  a r e  n o t  a va i l a b l e  
(Y in  2002 :101 ) .  A  de sc r i p t i ve  f r ame w ork  cou ld  be  l ooked  a t  a s  t he  
c h a p t e r s  i n  a  s t o r y b o o k  t h a t  g i v e  g u i d a n c e  a s  t o  w h a t  l o g i c a l l y  
h a p p e n s  n e x t .  
 
I n  t h e  c a s e  b e i n g  a n a l y s e d  i n  t h i s  d i s s e r t a t i on ,  t h e o re t i ca l  
p r o p o s i t i o n s  w e r e  ma d e  i n  t h e  p r e v i o u s  c h a p t e r .  T hese  p ropos i t i ons  
a r e  b a se d  o n  t h e  r e s e a r c h  que s t i o n s  a n d  t h e  un i t  o f  a na l y s i s  de f i n e d  
i n  c h a p t e r  o n e .  T h e  q u e s t i o n s  h a v e  t o  d o  w i t h  h o w ,  w h y  a n d  i n  w h a t  
w a y s  a  s t a r t - u p  i s  d i f f e r e n t  f r o m o th e r  c o mpa n i e s .  T h e  c h o s e n  un i t  o f  
a n a l y s i s  i s  t h e  p r o d u c t  d e v e l o p me nt  s t r a t e g y  f o l l o w e d  b y  t h e  s t a r t - u p .  
Th i s  w i l l  be  con t r a s t ed  w i th  t he  p r o d u c t  d e v e l o p me n t  s t r a t e g y  o f  t h e  
i n d u s t r y  a n d  t h e r e f o r e  t h e  r e s e a r c h  q u e s t i o n s  w i l l  b e  a n s w e r e d  b y  
c o mp a r i n g  t h e  p r od u c t  d e ve l o p me n t  s t r a t e g y  i n  t h e  i n d us t r y  wi t h  t h a t  
o f  t h e  s t a r t - u p .   
 
A f t e r  t h e  d e c i s i o n  h a s  b e e n  ma d e  a s  t o  t h e  g en e r a l  s t r a t e g y  t o  fo l l o w ,  
t h e  r e se a r c h e r  h a s  t o  d e c i de  o n  t h e  m o d e  o f  a n a l y s i s  t o  b e  u s e d  w h e n  
a n a l y s i n g  t h e  d a t a .  T h i s  w i l l  a l l o w  t h e  r e s e a rc h e r  t o  de v e l o p  i n t e r n a l  
a n d  e x t e r n a l  v a l i d i t y  i n  t h e  c a s e  s t u d y .  T h e  d o m i n a n t  m o d e s  o f  
a n a l y s i s  a r e :  pa t t e rn -ma tch ing ,  exp l an a t i o n - b u i l d i n g  a n d  t i me - s e r i e s  
a n a l y s i s  ( Y i n  2 0 0 2 : 1 0 3 ) .  
 
 
T h i s  s t u d y  u s e s  p a t t e r n -m a t c h i n g  r e s e a r c h .  Z y r a y  Wi r e l e s s  i s  s t u d i e d  
o v e r  a  p e r i o d  o f  t h r e e  y ea r s .  S p e c i f i c  p o i n t s  i n  t h e  c o mp a n y ’ s  h i s t o r y  
a r e  i d e n t i f i e d  a n d  d a t a  i s  c o l l e c t e d  a t  t h e se  p o i n t s  i n  t ime .  The  po in t s  
i n  t ime  we re  de f i ned  a s  concep t / s e e d - ,  p r o d u c t  d e v e l o p me n t -  a n d  
ma r k e t  p h a s e s .   
 
T h e  d a t a  c o l l e c t e d  i s  ma t c h e d  t o  t h e  s u r v e y  d o n e  b y  D o o l e y .  T h e  
r e s u l t s  f r o m t h e  s t u d y  b y  D o o l e y  a r e  u s e d  a s  t h e  p a t t e r n  t h a t  r e s u l t s  
w i l l  be  ma t c h e d  a g a i n s t .  I f  t h e  r e su l t s  ob t a i n e d  a r e  t h e  s a me  a s  t he  
D o o l e y  r e s u l t s ,  t h a t  w o u l d  i n d i c a t e  t ha t  a  s t a r t - up  i s  no  d i f f e r en t  
f r o m a n y  o t h e r  o r g a n i s a t i o n .  I f  t h e  r e s u l t s  do  n o t  ma t c h  t h e  pa t t e rn  
s h o w n  b y  t h e  D o o l e y  s u r v e y  h o w e v e r ,  w e  c a n  c o n c l u d e  t h a t  Z y r a y  i s  
d i f f e r e n t  f r o m o t h e r  c o mp a n i e s .  Because  pa t t e rn s  a r e  ma tched  ove r  
t h e  l i f e - c y c l e  o f  t h e  c o mpa n y  t h e  r e su l t s  mi g h t  a l s o  i n d i c a t e  w h e n  t h e  
s t a r t - u p  i s  s i mi l a r  t o  a n d  w h e n  i t  i s  d i f f e r e n t  f r o m o t h e r  c o mpa n i e s .  
 
 
 
4 . 5 .  V a l i d i t y  a n d  r e l i ab i l i t y  
 
A c c o r d i n g  t o  Y i n  ( 2 0 0 3 : 3 4 )  r e s e a r c h e r s  h a v e  t o  t ak e  c a r e  t o  p r e s e r v e  
e x t e r na l  v a l i d i t y ,  i n t e r n a l  v a l i d i t y ,  a n d  c o n s t r u c t  v a l i d i t y ,  a s  w e l l  a s  
r e l i a b i l i t y .   
 
E x t e r n a l  v a l i d i t y  i s  c o nce r n e d  w i t h  s h o w i n g  w h e t he r  f a c t s  c a n  b e  
g e n e r a l i s e d .  B e c a u s e  t h i s  i s  a  s i n g l e  c a s e  s t u d y  i t  i s  n o t  p o s s i b l e  t o  
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g e n e r a l i s e  t h e  r e s u l t s .  I t  i s ,  h o w e v e r ,  p o s s i b l e  t o  c o mp a r e  t h e  
f i n d i n g s  w i t h  s i mi l a r  a s p e c t s  o f  t he  cu r r en t  i ndus t ry .  The  r e su l t s  
o b t a i n e d  w o u l d  t h e r e f o r e  show how the  spec i f i c  s t a r t - u p  d i f f e r s  f r o m 
o r  c o mpa r e s  w i t h  t h e  i n d us t r y .  T h e  r e su l t s  cou ld ,  howeve r ,  become  
ab l e  t o  be  gene ra l i s ed  i f  more  s t u d i e s  a t  d i f f e r e n t  s t a r t - u p  c o mp a n i e s  
a r e  p e r f o r me d .  
 
I n t e r n a l  v a l i d i t y  co n c e r n s  i t s e l f  w i t h  t h e  ques t i on  o f  whe the r  o r  no t  
t h e  r e s u l t s  o b t a i ne d  a n d  t h e  i n f e r e n c e s  ma d e  a r e  v a l i d .  Whe n  t h e  
i n v e s t i g a t o r  i n f e r s  t h a t  s o me  e v e n t  l e d  t o  s ome  o t h e r  e v e n t ,  a l l  r i v a l  
t heo r i e s  t ha t  cou ld  have  had  t he  s ame  r e s u l t  h a v e  t o  b e  i n v e s t i g a t e d .  
 
A  me t h o d  t o  e n s u r e  i n t e r n a l  v a l i d i t y  i s  p a t t e r n  ma t c h i n g .  A s  s t a t e d  
e a r l i e r  t h i s  s t u d y  w i l l  c o mp a r e  t he  r e s u l t s  f r o m t h e  s u r v e y  a t  Z y r a y  
w i r e l e s s  w i t h  t h e  s u r v e y  r e s u l t s  o b t a i n e d  b y  D o o l e y  i n  a n  i n d u s t r y -
w ide  s t udy .  I n  t h i s  way  any  va r i ances  de t ec t ed  can  be  compared  
a g a i n s t  va l i d  s u r ve y  r e s u l t s .   
 
A n y  i n f e r e n c e s  o r  p r o p o s i t i o n s  a r e  t h e r e f o r e  c o mp a r e d  w i t h  t h e  
i n d u s t r y  a n d  n o t  w i t h  a n y  b i a s e d  v i e ws  t h e  i n v e s t i g a t o r  ma y  h o l d .   
 
C o n s t r u c t  v a l i d i t y  s e e k s  c o r r e c t  o p e r a t i o n a l  me a s u r e s  f o r  t h e  
c o n c e p t s  b e i n g  s t u d i e d .  T h e  b i a s e s  o f  t h e  p e r s o n  d o i n g  t h e  c a s e  s t u d y  
mus t  no t  i n f l uence  t he  s t udy .   
 
T o  e n s u r e  t h a t  t h e  r e s u l t s  w e r e  v a l i d ,  a l t e r n a t e  s o u r c e s  o f  i n fo r m a t i o n  
w e r e  u s e d  t o  c r o s s - c h e c k  t h e  r e s u l t s  o b t a i n e d  f r o m i n t e r v i e w s .  A s  a n  
e x a mp l e ,  t h e  p r o d u c t  r o a d ma p  a n d  c h a n g e s  t o  i t  w e r e  c o n f i r m e d  b y  
l o o k i n g  a t  p r e s s  r e l e a s e s  a n d  c r o s s - check ing  t hem wi th  i n fo rma t ion  
f r o m t h e  i n t e r v i ew s .  I n  t h e  d a t a  a n a l y s i s  p a r t  o f  t h e  s t u dy  a  
p r o p o s i t i o n  i s  o n l y  a c c e p t e d  a s  b e i ng  t r u e  wh e n  mu l t i p l e  s o u r c e s  o f  
i n f o r ma t i o n  a r e  f o u n d  t h a t  s u p p o r t  t h e  p r e p o s i t i o n .  T o  e n s u r e  t ha t  t h e  
p a r t i c i p an t  o b s e r va t i o n s  we r e  n o t  b i a s e d ,  m u l t i p l e  i n t e r v i e ws  w e re  
c o n d u c t e d .  I n t e r v i e w e e s  w e r e  a s k e d  t o  s c o r e  t h e  a n s we r s  t o  a l l  t h e  
q u e s t i o n s ,  t h u s  ma k i n g  i t  p o s s i b l e  t o  d o  ma t h e ma t i c a l  a n a l y s i s  o n  t h e  
r e s u l t s .  T h i s  e n s u r e d  t ha t  o n e  s ub j ec t i ve  op in ion  d id  no t  skew  the  
f i nd ings .  A l so ,  i f  a  pe r son  f e l t  t hey  d id  no t  have  enough  i n fo rma t ion  
t o  g i v e  a n  e d u c a t e d  r e s p o n s e  t o  a  s p e c i f i c  q u e s t i o n  i t  w a s  n o t e d  a s  
s u c h .  
 
 
T o  f u r t h e r  e n s u r e  v a l i d i t y ,  a  c h a i n  o f  e v i d e n c e  s h o u l d  b e  k e p t .  I n  t h i s  
s t u d y  t h e  i n f o r ma t i o n  u s e d  i s  ma d e  a v a i l a b l e  f o r  a  t h i r d  p a r t y  t o  
a n a l y s e .  R e f e r e n c e  i s  ma d e  t o  p i e c e s  o f  e v i d e n c e  a n d  w i t h  t he  
a v a i l a b l e  d a t a  i t  i s  p o s s i b l e  t o  v a l i d a t e  t h a t  t h e  c o nc l u s i o n s  d r a w n  
w e r e  c o r r e c t .  
 
R e l i a b i l i t y  i s  t h e  me a s u r e  o f  p o s s i b i l i t y  f o r  a  d i f f e r en t  i nves t i ga to r  
t o  o b t a i n  t h e  s a me  r e s u l t s  ( Y i n  2 0 0 3 : 3 7 ) .   
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Y i n  s u g g e s t s  u s i n g  a  c a s e  s t u d y  p r o t o c o l  a s  t h e  m a i n  t o o l  f o r  
e n s u r i n g  r e l i a b i l i t y ,  s pe c i f i c a l l y  i n  mu l t i p l e  c a s e  s t u d i e s .  T h e  
p r o t o c o l  i n c l u d e s  a n  o v e r v i e w  o f  t he  p r o j e c t ,  a  s u m ma r y  o f  f i e l d  
p rocedu re s ,  t he  ca se  s t udy  ques t i ons  a n d  a  gu i d e  f o r  t h e  c a s e  s t u d y  
r e p o r t .  
 
B e c a u s e  t h i s  i s  a  s i n g l e  c a s e  s t u d y  i t  i s  e a s i e r  t o  e n s u r e  v a l i d i t y .  Wh o  
t h e  r e s p on d e n t s  we r e ,  a n d  t h e  w a y  t h e  s u r v e y  w a s  p r e p a r e d ,  a r e  
d o c u me n t e d .   T h i s  i s  i n  co n t r a s t  w i t h  a  mu l t i p l e  ca s e  s t u dy  t h a t  
w o u l d  b e  u s e d  f o r  i n v e s t i g a t i n g  v a r i ou s  c o mp a n i e s  w h e r e  i t  mi g h t  n o t  
b e  c l e a r  w h o  w a s  i n t e r v i e we d  and  whe re  documen ta t i on  was  ob t a ined  
f ro m.  
 
A  w e l l - d o c u me n t e d  s u r v e y  i s  u s e d  i n  t h i s  ca s e  s t u d y  a n d  fo r  i t  i s  
t h e r e f o r e  e a s i e r  t o  r e p r o du c e  t h e  su r v e y  r e su l t s .  T h e  f i r s t  s t e p  t h e  
i n v e s t i g a t o r  s h o u l d  t a k e  i s  t o  c o n d u c t  t h e  s u r v e y  a g a i n ,  u s i n g  t h e  
s a me  r e s p o n d e n t s .  O n e  o f  t h e  r e c om m e n d a t i o n s  o f  t h i s  s t u d y  i s  t o  
c o n d u c t  t h e  s a me  s u r v e y  a t  d i f f e r e n t  s t a r t - u p  c o mp a n i e s .   
 
A l l  o t h e r  d o c u me n t a r y  e v i d e n c e  i s  i n c l u d e d  i n  t h i s  do c u me n t .  T h e  
ma i n  p a t h  t o  r e l i a b i l i t y  i s  t he  i nv e s t i ga t o r ’ s  k n o w l e d g e  o f  t h e  
c o mp a n y .  A n  e x t e r n a l  i n v e s t i g a t o r  i nves t i ga t i ng  t he  company  wou ld  
o b v i o u s l y  n o t  h a v e  a l l  t h e  k n o w l e d g e  o f  t he  pa r t i c i pan t  obse rva t i on  
i n v e s t i g a t o r .  T h i s  h i g h l i g h t s  w h y  i t  w a s  s o  i mp o r t a n t  t o  c o n d u c t  a  
su rvey .  The  su rvey  ensu red  t ha t  o the r  peop l e ’ s  op in ions  we re  t aken  
i n to  accoun t .  
 
 
4 . 6 .  D a t a  c o l l e c t i o n  
 
 
A c c o r d i n g  t o  Y i n  ( 2 0 0 2 : 7 8 )  t h r e e  d a t a  c o l l e c t i o n  p r i n c i p a l s  a r e  m o r e  
i mp o r t a n t  t h a n  a n y  o t h e r :  mu l t i p l e  s ou r c e s  o f  e v i d e n c e ,  a  c a s e  s tu d y  
d a t a  b a s e ,  a n d  f i n a l l y ,  a  c h a i n  o f  e v i d e n c e  t h a t  l i n ks  t h e  q u e s t i o n s  
a sked  w i th  t he  da ta  co l l e c t ed  and  t he  conc lu s ions  d rawn .  
 
D a t a  c a n  b e  c o l l e c t e d  i n  v a r i o u s  w a ys  f o r  c a s e - s t u d y- ba s e d  r e s e a r c h .  
A c c o r d i n g  t o  Y i n  ( 2 0 0 2 : 7 9 )  c a s e  s tu d i e s  c a n  u s e  s i x  s o u r c e s  o f  
i n fo r ma t i o n :  d o c u me n t s ,  a r c h i va l  r e c o rd s ,  i n t e r v i e w s ,  d i r e c t  
obse rva t i on ,  pa r t i c i pan t  obse rva t i on  and  phys i ca l  a r t e f ac t s .  A  more  
d e t a i l e d  d i s c u s s i on  o f  e a c h  o f  t h e s e  me t h o d s  f o l l o w s .  
 
T h e  f i r s t  s o u r c e  o f  i n f o r ma t i o n  i s  d o c u m e n t a t i o n .  T h i s  i n c l u d e s  
l e t t e r s ,  me m o r a n d a ,  a g e n d a s ,  mi n u t e s  o f  me e t i n g s ,  p r o g r e s s  r e p o r t s ,  
f o r ma l  i n t e r n a l  d o c u me n t s ,  p r o p o s a l s ,  p r o g r e s s  r e p o r t s  a n d  a r t i c l e s  i n  
t h e  ma s s  me d i a .  
 
C a r e  mus t  b e  t a k e n  t o  e n s u r e  t h e  v a l i d i t y  o f  t h e  d a t a  i n  a  d o c u me n t .  
T h e  r e s e a r c h e r  m u s t  c r i t i c a l l y  i n t e r p r e t  t h e  c o n t e n t  o f  a l l  
documen t a t i on .  Docume n t s  c an  be  u sed  t o  co r robo ra t e  and  augmen t  
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e v i d e n c e  f r o m o t h e r  s o u r c e s .  I n f e r e n c e s  c a n  b e  m a d e  a b o u t  t h e  
b u s i n e s s  b y  l o o k i n g  a t  t h e  w a y  d o c u me n t s  a r e  h a n d l e d  i n  t h e  
b u s i n e s s .  
 
T h e  s e c o n d  i n f o r ma t i o n  s o u r c e  i s  a r c h i v a l  r e c o r d s .  Th i s  i nc ludes ;  
s e r v i c e  r e c o r d s ,  o r g a n i s a t i o n a l  r e co rds ,  su rvey  da t a ,  pe r sona l  
r e c o r d s ,  a n d  ma p s  a n d  c ha r t s .  A s  i s  t he  c a s e  w i t h  d o c u m e n t a r y  
e v i d e n c e ;  t h e  v a l i d i t y  o f  r e co r d s  mus t  b e  t r ea t ed  c r i t i c a l l y .  
 
T h e  t h i rd  i n fo r m a t i o n  s ou r c e  i s  in t e rv i ews .  V a r i o u s  t y p e s  o f  
i n t e r v i e ws  e x i s t .  T h e  f i r s t  t y p e  i s  t he  o p e n - e nd e d  i n t e rv i e w  i n  w h i c h  
t he  r e sea r che r  a sk s  r e sponden t s  ques t i o n s  c o n c e r n i n g  t h e  f a c t s  o f  t h e  
ma t t e r  a s  w e l l  a s  t h e i r  o p i n i o n s .  T he  r e s p o n d e n t s  c a n  e v e n  b e  a s k e d  
fo r  t h e i r  i n s i g h t s  i n t o  t h e  ma t t e r .   I t  i s  b e s t  t o  c o r r o b ora t e  w h a t  t h e  
r e s p o n d e n t s  s a y  w i t h  o t h e r  s o u r c e s  o f  i n f o r ma t i o n  t o  c o n f i r m  t h e  
v a l i d i t y  o f  t h e i r  r e s p o n s e s .  
 
T h e  s e c o n d  t y p e  o f  i n t e r v i e w  i s  t h e  f o c u s e d  i n t e r v i e w .  T h e s e  
i n t e r v i e ws  a r e  s h o r t e r  a n d  u s u a l l y  fo l l o w  a  s p e c i f i c  s e t  o f  q u e s t i o ns  
f r o m t h e  c a s e  s t u d y .  T h e  t h i r d  t y p e  i s  s t r u c t u r e d  a l o n g  t h e  l i n e s  o f  a  
s u r v e y .  D a t a  f r om t h e  s u r v e y  i s  ana ly sed  w i th  t e chn iques  deve loped  
s p e c i f i c a l l y  f o r  t h i s  p r o c e s s .  
 
T h e  f o u r t h  s o u r c e  o f  i n f o r ma t i o n  i s  d i r e c t  o b s e r v a t i o n .  By  v i s i t i ng  
t h e  c a s e  s t u d y  s i t e ,  e v idence  a s  t o  behav iou r  and  env i ronmen ta l  
c o n d i t i o n s  c a n  b e  c o l l e c t e d .  O b s e r v a t i o n s  c a n  i n c l u d e  me e t i n g s ,  
s i d e w a l k  a c t i v i t i e s ,  f a c t o r y  w o r k ,  c l a s s r o o ms  o r  s i mi l a r  a c t i v i t i e s .  T o  
e n s u r e  u n b i a s e d  i n f o r ma t i o n ,  mo r e  t h a n  o n e  o b s e r v e r  mi g h t  b e  a s k e d  
t o  ma k e  o b s e r v a t i o n s ,  t h u s  e n s u r i n g  t ha t  t he  ev idence  co l l e c t ed  i s  no t  
b i a s e d .  
 
T h e  f i f t h  s o u r c e  o f  i n f o r ma t i o n  i s  par t i c i pan t  obse rva t i on .  Whe n  t h i s  
s o u r c e  i s  u s e d  t h e  i n v e s t i g a t o r  p a r t a ke s  i n  t h e  c a s e  s t u dy  e n v i r o nme n t  
a s  ( f o r  e x a mp l e )  a  s t a f f  me m b e r  o r  a  k e y  d e c i s i o n  ma k e r  i n  t he  
o rgan i s a t i on  be ing  s t ud i e d .  T h e  ma j o r  a d v a n t a g e  o f  p a r t i c i p a n t  
o b s e r v e r s  i s  t h a t  t h e y  g a i n  a c c e s s  t o  e v e n t s  a n d  i n f o r ma t i o n  t h a t  
n o b o d y  e l s e  w o u l d  h a v e  a c c e s s  t o .  T h e  ma j o r  p r o b l e ms  w i t h  
p a r t i c i p an t  o b s e rv a t i o n  a r e  t h a t  t he  i n v e s t i g a t o r  mi g h t  h a v e  o r  
deve lop  a  b i a s  when  accumu la t i ng  t he  ev idence .  
 
T h e  s i x t h ,  a n d  f i n a l  s o u rce  o f  i n fo r m a t i o n  i s  phy s i c a l  a r t e f ac t s .  Th i s  
i n c l u d e s  p h y s i c a l  o r  c u l t u r a l  a r t e f ac t s ,  a  t e chno log i ca l  dev i ce ,  a  t oo l  
o r  i n s t r u me n t ,  o r  a  w o r k  o f  a r t .  
 
 
 I n  t h i s  pa r t i c u l a r  c a s e  t he  fo l l o w i n g  a r t e f a c t s  w i l l  b e  us e d :  

•  D o c u me n t s  
•  I n t e r v i e ws  
•  P a r t i c i p a n t  o b s e r v a t i o n s   
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I n t e r v i e ws  w i l l  b e  c o n d u c t e d  w i t h :  
•  T h e  c h i e f  e x e c u t i ve  o f f i c e r  ( C E O )  
•  T h e  v i c e  p r e s i d e n t  o f  b u s i n e s s  d e v e l o p me n t  a n d  ma r k e t i n g  
•  T h e  v i c e  p r e s i d e n t  o f  e n g i n e e r i n g  
•  T h e  d i r e c t o r  o f  A S I C  d e v e l o p me n t  

 
T h e  mod e  o f  r e a s o n i n g  w i l l  b e  i n d u c t i v e  o r  a - t h e o r e t i c a l .  T h e  f o c u s  
o f  t h e  c a s e  s t u d y  i s  t h e  e v o l v e m e n t  o f  t he  p roduc t  deve lopmen t  
p r o c e s s  t h r o u g h o u t  t h e  l i f e t i me  o f  a  c o mpa n y .  T h e  t h e o r y  wi l l  be  
t e s t ed  i n  t he  spec i f i c  e n v i r o n me n t  o f  t h e  s t a r t - u p  c o mp a n y .  P a r t i c u l a r  
f o c u s  w i l l  b e  p l a c e d  o n  w h i c h  b e s t  p r a c t i s e  me t h o d s  we r e  u s e d  b y  t h e  
c o mp a n y  a n d  w h i c h  w e r e  n o t .  
 
T h e  i n t e r v i e w  q u e s t i o n s  a r e  t aken  f rom the  s t udy  by  Doo ley  
( 2 0 0 2 : 2 5 )  a n d  a n  a d a p t e d  v e r s i o n  i s  p r e s e n t e d  i n  t h e  f o l l o w i n g  
s e c t i o n s .  T h e  q u e s t i o n s  f r o m t h e  D o o l ey  s t udy  we re  chosen  so  t ha t  
t he  r e su l t s  f r om the  Zy ray  s t udy  cou ld  be  compa red  d i r ec t l y  wi th  t he  
r e s u l t s  f r o m t h e  D o o l e y  s t u d y .  T h e  r e su l t s  f r om a  s t a r t - up  cou ld  t hen  
b e  c o mp a r e d  a g a i n s t  t h e  i n d u s t ry  r e su l t s  i n  t he  Doo ley  s t udy .  
 
T h e  s t u dy  w a s  s t a r t e d  w i t h  a  s p e c i f i c  s e t  o f  b e s t  p r a c t i s e  c a t e go r i e s .  
A f t e r  a c q u i r i n g  t he  n e c e s s a r y  i n f o r ma t i o n  a n d  a n a l y s i s ,  t h e  r e s u l t s  
s u g g e s t e d  t h e  b e s t  p r a c t i s e  c a t e g o r i es  and  ques t i ons  p r e sen t ed  i n  t he  
fo l l owing  pa r ag raphs .  
 
The  f i r s t  f ou r  c a t ego r i e s  ( pa r ag raphs  3 .2 .1  t o  3 .2 .4 )  a r e  NPD 
p e r f o r ma n c e  me a s u r e me n t  q u e s t i ons .  The  ques t i ons  fo r  NPD 
p e r f o r ma n c e  a r e  p r e s e n t e d  h e r e  b u t  t h e y  mi g h t  n o t  b e  a p p l i c a b l e  t o  
t h e  c o mp a n y  y e t .  T h e  r e s t  o f  t h e  c a t e g o r i e s  a r e  p r e se n t e d  t h e r e  a f t e r   
( p a r a g r a p h  3 . 2 . 5  t o  3 . 2 . 1 4 ) .  
  
D o o l e y  f o u n d  t h a t  N P D  s u c c e s s  w a s  i n f l u e n c e d  mo r e  s i g n i f i c a n t l y  b y  
b e s t  p r a c t i s e s  c o n t r o l l i n g  t h e  e xe c u t i o n  o f  N P D  ( p r o c e s s  c on t r o l ,  
p r o j e c t  ma n a g e me n t ,  me t r i c s ,  d o c u me n ta t i on  and  change  con t ro l )  t han  
b y  N P D  b e s t  p r a c t i s e s  a s s o c i a t e d  w i t h  t h e  s t r a t e g i c  i mp l e me n t a t i o n  o f  
NPD (p r o j ec t  s e l ec t i on ,  goa l s ,  t e chno log i ca l  l e ade r sh ip ,  p roduc t  
s t r a t e g y  a n d  c u s t o me r  i n v o l v e me n t ) .  They  a l so  found  t ha t  be s t  
p r a c t i s e s  a s s o c i a t e d  w i t h  s t r a t e g i c  imp leme n t a t i on  was  more  w i de ly  
a d o p t e d  t h a n  b e s t  p r a c t i s e s  a s s o c i a t ed  w i th  con t ro l l i ng  and  execu t i ng  
p r o d u c t  d e v e l o p me n t .  
 
 
 

Table 3 Questionnaire Questions 

 Q u e s t i o n n a i r e  q u e s t i o n s  
1  C o n t i n u o u s  q u a l i t y  i m p r o v e m e n t  

 
1 . 1  W e r e / a r e  n e w  p r o d u c t s  i n t r od u c e d  b e f o r e  t h e  c o mp e t i t i on ?  
1 . 2  D o / d i d  w e  i mp r o v e  t h e  q u a l i t y  o f  o u r  n e w  p r od u c t s?  
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1 . 3  D o / d i d  w e  i mp r o v e  t h e  s u cce s s  r a t e  o f  ou r  new  p roduc t s ?  

 
2  P r o d u c t  s u c c e s s  

 
2 . 1  D o / d i d  o u r  p r o d u c t s  me e t  p r o f i t a b i l i t y  t a r g e t s ?  

 
2 . 2  D o / d i d  o u r  p r o d u c t s  c a p t u r e  s i g n i f i c a n t  ma r k e t  s h a r e ?  

 
2 . 3  Do /d id  ou r  new  p roduc t s  gene ra t e  s i gn i f i c an t  r evenue  

g rowth?  
 

2 . 4  Do /d id  ou r  p roduc t s  p rov i d e  u n i q u e  b e n e f i t s  t o  o u r  
c u s t o me r s ?  
 

3  P r o j e c t  suc c e s s  
 

3 . 1  W e r e / a r e  o u r  p r o j ec t s  on  s chedu l e?  
 

3 . 2  W e r e / a r e  o u r  p r o j e c t s  w i t h i n  b u d g e t ?  
 

3 . 3  D o e s / d i d  a  p r o j e c t  o u t c o me  a g r e e  w e l l  w i t h  p r e d i c t e d  
e x p e c t a t i o n s ?  
 

4  C y c l e  t i m e  i m p ro v e m e n t  
 

4 . 1  D i d  o u r  N P D  c y c l e  t i me  i m p r o v e ?  
 

5  Customer  invo lvement  ques t i ons .  
 

5 . 1  W e r e / a r e  c u s t o me r  n e e d s  i d e n t i f i e d  t h r o u g h  mu l t i p l e  
sou rce s  o f  i n fo r ma t ion?  
 

5 . 2  W e r e / a r e  p r o d u c t  r e q u i r e me n t s  so l i c i t ed ,  conso l i da t ed  and  
f ed  back  t o  po t en t i a l  cu s tomer s?  
 

5 . 3  W e r e / a r e  n e w  p r o d u c t  c o n c e p t s  g e n e r a t e d  j o i n t l y  b y  
e mp l o y e e s ,  c u s t o m e r s  a n d  s u p p l i e r s ?  
 

5 . 4  D u r i n g  r e q u i r e me n t s  d e f i n i t i o n s  d e v e l o p me n t ,  w e r e / a r e  
p o t e n t i a l  c u s t o me r s  i n v o l ved  con t i nuous ly  and  
i n t e r a c t i ve l y?  
 

5 . 5  W e r e / a r e  d e mo g r a p h i c  c h a n g e s  i n  o u r  ma r k e t p l a c e  
c o n t i n u o u s l y  i n v e s t i ga t e d  a n d  f o r e c a s t e d?  
 

5 . 6  W a s / i s  m a r k e t  r e c e p t i v e n e s s  eva lua t ed  by  key  cus tomer  
f e e d b a c k  p r i o r  t o  l a u n c h ?  
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6  P r o j e c t  s e l e c t i o n  

 
6 . 1  W e r e / a r e  p r o j e c t s  i n i t i a t ed  t h rough  a  p roce s s  i nvo lv ing  

m u l t i p l e  fu n c t i o n a l  a r ea s?  
 

6 . 2  W e r e / a r e  p r o j e c t  p r i o r i t i e s  u p d a t e d  p e r i o d i c a l l y  t h r o u g h  a  
s y s t e ma t i c  p r o c e s s?  
 

6 . 3  Were / a r e  new  oppo r tun i t i e s  mos t  o f t en  pu t  t h rough  a  
f o r ma l  p r o c e s s  t o  d e t e r mi n e  p r i o r i t i e s ?  
 

6 . 4  W e r e / a r e  N P D  p l a n s  m o s t l y  i n f l u e n c e d  b y  i n f o r ma l  
p l a n n i n g  a c t i v i t i e s  ( S WOT ,  f o r e c a s t i n g ) ?  
 
 

7  P r o d u c t  s t r a t e g y  q u e s t i o n s .  
 

7 . 1  W e r e / a r e  p r o j e c t s  t e r mi n a t e d  t h r o u g h  a  f o r ma l  d e c i s i o n  
ma k i n g  p r o c e s s ?  
 

7 . 2  W a s / i s  p r o j e c t  f u n d i n g  p r i ma r i l y  b a s e d  o n  p o t e n t i a l  
b u s i n e s s  c o n t r i b u t i o n  t o  t h e  c o mp a n y ?  
 

7 . 3  W e r e / a r e  c o mp a n y  c o n s t r a i n t s  i n c o r p o r a t e d  i n t o  
e s t ab l i shed  d iv i s i on  “des ign  ru l e s”?  
 

7 . 4  Were / a r e  p roduc t  s t r a t eg i e s  u sed  by  depa r tme n t s  t o  
c o l l ec t i ve l y  a l i g n  p r i o r i t i e s  w i t h  o t h e r  d e p a r t me n t s ?  

 
7 . 5  W e r e / a r e  d e v e l o p me n t  p r o j e c t s  c a t e g o r i z e d  a n d  ma t c h e d  

w i t h  a p p r o p r i a t e  e x i s t i n g  NPD  p r o c e s s e s ?  
 

7 . 6  Was / i s  r egu l a to ry  compl i ance  hand l ed  t h rough  de s ign  
g u i d e l i n e s  t h a t  a n t i c i p a t e  c om p l i a n c e  c h a l l e n g e s ?  
 

7 . 7  W a s / i s  m a r k e t  r e s e a r c h  u s e d  a s  i n p u t  i n t o  d e s i g n  d e c i s i o n -
ma k i n g ?  

 
7 . 8  W e r e / a r e  N P D  p l a n s  mo s t  i n f l uenced  by  ana ly se s  o f  

o v e r a l l  va l u e  t o  po t e n t i a l  cu s t o me r s ?  
 
 

8  C o n c e p t  d e s i g n .  
 
 

8 . 1  W e r e / a r e  n e w  p r o d u c t  c o n c e p t s  b a s e d  o n  a n t i c i p a t e d  
i n d u s t r y  t e c h n o l o g ica l  c apab i l i t i e s ?  
 

8 . 2  Were / a r e  new  p roduc t  con cep t s  exp lo r ed  i n  an  
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u n c o n s t r a i n e d  ma n n e r ?  
 

8 . 3  W e r e / a r e  c o n c e p t s  s e l e c t e d  u s i ng  mu l t i p l e ,  e x p l i c i t  
c r i t e r i a ?  
 

8 . 4  W e r e / a r e  c o n c e p t  s e l e c t i on  ba sed  on  s imu l t aneous  
e v a l u a t i on  o f  mu l t i p l e  c o nce p t s?  
 

8 . 5  D o / d i d  c o n c e p t  s e l e c t i o n s  oc c u r  a f t e r  ma n u f a c t u r i n g  i s s u e s  
h a v e  b e e n  a d d r e s s e d ?  

 
8 . 6  W e r e / a r e  c o n c e p t s  d e s i g n e d  t o  o p t i mi s e  p r o d u c t  

p e r f o r ma n c e  t h r o u g h  i t ’ s  t he  p roduc t  l i f e - cyc l e?  
 

 
9  T e c h n o l o g i c a l  l e ade r s h i p .  

 
9 . 1  W e r e / a r e  t e c h n o l o g i e s  p r oac t i ve ly  deve loped  t o  ga in  

c o mpe t i t i v e  a d v a n t a g e?  
 

9 . 2  W e r e / a r e  t e c h n o l o g i c a l  c h a n g es  i n  t h e  i n d u s t r y  a c t i v e l y  
d r i ven  by  ou r  R&D e f fo r t s ?  
 
 

10  D o c u m e n t a t i o n  q u e s t i o n s  
 

1 0 . 1  W e r e / a r e  p r o d u c t  r e q u i r e me n t s  d o c u me n t e d  a n d  s u b j e c t e d  
t o  f o r ma l  c h a n g e  c o n t r o l ?  
 

10 .2  Was / i s  ag r eemen t  on  concep t  s e l ec t i on  i n  t he  fo rm o f  
e x p l i c i t  ( d o c u me n t e d )  b u y - i n  f r o m a l l  d e p a r t m e n t s ?  
 

1 0 . 3  W e r e / a r e  c o n c e p t s  d o c u m e n t e d  a n d  s u b j e c t e d  t o  f o r ma l  
c h a n g e  c o n t r o l ?  
 

10 .4  Was / i s  r i sk  ana ly s i s  pe r fo rme d  t o  p roac t i ve ly  de t e rmine  
p r o j e c t  p r i o r i t i e s?  

 
11  C h a n g e  c o n t r o l  

 
1 1 . 1  D o / d i d  f o r ma l  c h a n g e  c o n t r o l s  b e g i n  a t  t h e  c o n c e p t  s t a g e ?  

 
1 1 . 2  W e r e / a r e  p r o d u c t  r e q u i r e me n t s  o n l y  a l l o w e d  t o  b e  c h a n g e d  

d u r i n g  t h e  e a r l y  s t a ge s  o f  t h e  d e s i g n ?  
 

1 1 . 3  W e r e / a r e  t h e  n u m b e r  o f  c ha n g e s  i n  e a c h  p r o j e c t  p h a s e  
t r a c ke d?  
 

 
1 1 . 4  W e r e / a r e  d e c i s i o n s  o n  c h a n g e s  a b o u t  p r o d u c t  r e q u i r e me n t s  
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b a s e d  o n  a s s e s s me n t  o f  mu l t i p l e  p r e de f i n e d  c r i t e r i a?  
 

12  P r o d u c t  g o a l  q u e s t i o n s .  
 

1 2 . 1  W e r e / a r e  p r o j e c t  g o a l s  s u pp o r t e d  b y  d o c u me n t e d  r e s o u r c e  
c o m mi t m e n t s?  
 

1 2 . 2  D o e s / d i d  a  p r o j e c t  o b j e c t i v e  i n c l u d e  e c o n o mi c ,  ma r k e t  a n d  
p r o d u c t  o u t c o me s ?  
 

1 2 . 3  W e r e / a r e  p r o j e c t  g o a l s  p r i ma r i l y  b a s e d  o n  e c o n o mi c  
c r i t e r i a ?  
 
 

13  M e t r i c s  q u e s t i o ns .  
 

1 3 . 1  W e r e / a r e  p r o c e s s  me t r i c s  a l i g n e d  w i t h  ma n a g e me n t  g o a l s  
f o r  NPD succes s?  
 

1 3 . 2  W e r e / a r e  d e v e l o p m e n t  p r o c e s s  me t r i c s  q u a n t i t i v e ?  
 

13 .3  Have  we  been  co l l e c t i ng  p roce s s  da t a  f o r  a  wh i l e?  
 
 

14  P r o c e s s  c o n t r o l  
 
 

14 .1  Were / a r e  supp l i e r s  s e l ec t ed  b a s e d  o n  a  f o r ma l  s u p p l i e r  
c e r t i f i c a t i o n  p r o g r a m?  
 

1 4 . 2  D i d / d o e s  t r a n s i t i o n  t o  p r o d u c t i o n  o c c u r  t h r o u g h  e a r l y  
p roduc t  and  p roce s s  i n t eg ra t i on?  
 

1 4 . 3  D i d / d o e s  d o c u me n t a t i o n  d e s c r i be  t he  p roduc t  and  i t s  
p roduc t i on  p roces se s?  
 

1 4 . 4  W a s / i s  p r o j e c t  s l i p p a g e  t r a c k e d  o n  a  c o n t i n u o u s  b a s i s ?  
 

1 4 . 5  W e r e / a r e  me t r i c s  u s e d  t o  i mp r o v e  t h e  N P D  p r o c e s s ?  
 

14 .6  Does /d id  p ro j ec t  p l ann ing  e mp h a s i z e  t h e  p r e v e n t i o n  o f  
p r o b l e ms  i n  p r o j e c t s ?  
 

1 4 . 7  W e r e / a r e  n e w  p r o d u c t s  d e v e loped  u s ing  p roces se s  t ha t  a r e  
e x p l i c i t l y  d o c u me n t e d?  
 

1 4 . 8  D o e s / d i d  p r o c e s s  l e a r n i n g  o c c u r  t h r o u g h  t h e  e x c h a n g e  o f  
p r o c e s s  d a t a  a n d  a n a l y s i s  o f  o t h e r  p r o j e c t s ?  
 

1 4 . 9  I s  t h e  d e v e l o p me n t  p r o c e s s  c on t ro l l ed  t h rough  p r o c e s s  d a t a  
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a n d  i n t e rme d i a t e  s t e p s  f r o m  mu l t i p l e  p r o j e c t s?  
 
 

15  H u m a n  r e s o u r c e  d e v e l o p m e n t  
 

1 5 . 1  W e r e / a r e  t e a mw o r k  t r a i n i n g  r e q u i r e d  o f  t e a m me m b e r s ?  
 

1 5 . 2  D o / d i d  c a r e e r  d e v e l o p me n t  p r o g r a ms  i n c l u d e  e x t e r n a l  
a s s i g n me n t s ?  
 

1 5 . 3  D o / d i d  d e v e l o p me n t  p r o c e ss  g o a l s  e m p h a s i z e  b u i l d i n g  u p  
n e w  d e v e l o p me n t  c o mp e t e n c i e s?  
 

 

 
 
 
 
4 .7 .  D a t a  a n a l y s i s .  
 
 
T h e  b e s t  p r a c t i s e  c a t e g or i e s  a n d  q u e s t i o n s  d e s c r i b e d  e a r l i e r  h a v e  t o  
be  eva lua t ed  t h roughou t  t he  l i f e - span  o f  t he  comp any .  Dur ing  t he  
v a r i o u s  s t a g e s  o f  t h e  c o mpa n y ’ s  d e ve l o p me n t  t h e  r e q u i r e me n t s  fo r  a  
s p e c i f i c  d i me n s i o n  c h a n g e s .  Z y r a y  Wi r e l e s s  w i l l  b e  us e d  a s  a  t e s t - b ed  
t o  d e t e r mi n e  w h e n  a  b e s t  p r a c t i s e  i t e m b e c o me s  a p p l i c a b l e  fo r  t h e  
c o mp a n y .   
 
Z y r a y  Wi r e l e s s  i s  a  t y p i c a l  h igh - t echno logy  s t a r t - up  company .  Zy ray  
s a t i s f i e s  t h e  h i g h - t e c h n o l o g y  l a b e l  a s  t h e  c o m p a n y  a i m s  t o  p r o d u c e  a  
p r o d u c t  i n  t h e  t h i r d  g e n e r a t i o n  c e l l  p h o n e  ma r k e t .  T h e  p r o d u c t  i t s e l f  
i s  a  s i l i c o n  c h i p  o r  A S I C  a n d  a s  s u c h  r e q u i r e s  c o mp l e x  k n o w l e d g e  
a n d  t e c h n o l o g i e s  f o r  p r o d u c t i o n .  T h e  c o m p a n y  e mp l o y s  a  l a r g e  
n u mb e r  o f  e n g i n e e r s  w i t h  d o c t o r a t e s  i n  t h e  f i e l d  o f  W C D M A  ( w i d e  
b a n d  c o de  d i v i s i on  mu l t i p l e  a c c e s s ) .  C e l l  p ho n e  t e c hn o l o g y  a s  s u c h  
h a s  b e e n  a r o u n d  f o r  a  r e l a t i v e l y  s h o r t  pe r i od  o f  t ime .  The  s t a r t - up  
l abe l  i s  e a sy  t o  s a t i s f y  a s  t h e  c o mp a n y  w a s  founded  by  two  eng inee r s  
u s i n g  i n v e s t o r  mo n e y .  T h e  i n v e s t o r s  i n  t h e  c o mpa n y ’ s  f i r s t  r o u n d  o f  
f und ing  a r e  t yp i ca l l y  i nves to r s  spec i a l i z i ng  i n  s eed - s t age  i nves tme n t  
f und ing .  
 
I t  w o u l d  b e  u s e f u l  t o  s t u d y  o t h e r  c om p a n i e s  i n  s i mi l a r  p o s i t i on s  t o  
de t e rmine  whe the r  t he  s ame  conc lu s ions  a r e  r e ached  t h rough  t he  
s t u d y  o f  o t h e r  s t a r t - u p  c o mpa n i e s .  E v e r y  y e a r  n u m e r o u s  h i g h -
t e c h n o l og y  c o m pa n i e s  o b t a i n  i n v es t m e n t  c ap i t a l ;  t he r e f o re ,  t h e r e  
i s  a  n e e d  t o  a n a l y s e  a  h i g h - t e c h n o l o g y  s t a r t - u p  c o m p a n y .   
 
 
T h e  s t u dy  w i l l  u s e  t h e  p r e mi s e  o f  t h e  B e l l - Ma s o n  d i a g n o s t i c  t o  
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me a s u r e  b e s t  p r a c t i s e  c a t e g o r i e s  a c r o s s  t h e  d i f f e r e n t  s t a g e s  o f  t h e  
company’ s  l i f e  cyc l e .  The  s t udy  w i l l  t he r e fo r e  focus  on  some  o f  t he  
d i me n s i o n s  o f  t h e  B e l l - M a s o n  d i a g n o s t i c .  T h e s e  d i me n s i o n s  a r e :  
t e a m,  o p e r a t i o n s  c o n t r o l ,  t e c h n o l ogy  and  eng inee r ing ,  and  f i na l l y  
p r o d u c t  a n d  ma n u f a c t u r i n g .  T h e  B e l l -Mason  d ime ns ions  a r e  r ep l aced  
w i t h  t h e  b e s t  p r a c t i s e  c a t e g o r i e s  a s  de s c r i be d  e a r l i e r .    
 
T h e  s a me  s u r v e y  a s  d e f i n e d  b y  D o o l e y  ( 2 0 0 2)  w i l l  b e  c o n d u c t e d  a t  
t h e  s t a r t - u p  c o mpa n y .  T h e  d i f f e r e n c e  i s  t h a t  r e s u l t s  w i l l  b e  c a p t u r e d  
a t  d i f f e r e n t  t i me s  i n  t he  c om p an y ’ s  d e v e l o p m e n t  a s  d e f i n e d  b y  B e l l -
M a s o n .  
 
T h e  t a b l e  b e l o w  s h o w s  t h e  f r a me  w or k  i n  w h i c h  t h e  d a t a  w i l l  b e  
a n a l y s e d .   

  

Table 4 Best Practise mapped through the company life cycle 

B e s t  p r a c t i s e  
ca tegory  

C o n c e p t Se e d  P r o d u c t  
deve lopment

Marke t  S t eady  
s t a t e  

H u ma n  r e s o u r c e  
d e v e l o p m e n t  

     

C o n c e p t  d e s i g n       
C h a n g e  c o n t r o l       
D o c u me n t a t i o n       
M e t r i c s       
P r o c e s s  c o n t r o l       
C u s t o me r  
i n v o l v e me n t  

     

P r o d u c t  s t r a t e g y       
T e c h n o l o g i c a l  
l e a d e r s h i p  

     

G o a l s       
P r o j e c t  s e l e c t i o n       

 

 

 
T h e  s t u d y  b y  D o o l e y  ( 2 0 0 2 : 2 7 )  r a t ed  adop t i on  r a t e s  o f  be s t  p r ac t i s e  
a c t i v i t i e s  o n  a  s c a l e  o f  z e r o  t o  f i v e .  A  z e r o - r a t e d  a d o p t i o n  s c o r e  
i n d i c a t e s  t h a t  t h e  b e s t  p r a c t i s e  w a s  n o t  a d o p t e d  b y  a  c o mp a n y ,  w h i l e  
a n  a d o p t i o n  s c o r e  o f  f i v e  i n d i c a t e s  t h a t  t h e  b e s t  p r a c t i s e  w a s  f u l l y  
a d o p t e d  i n  t h e  o r g a n i s a t i o n .    
 
W h e n  a d o p t i o n  r a t e s  w e r e  c a l c u l a t ed  fo r  e ach  be s t  p r ac t i s e  c a t ego ry  
t he  fo l l owing  r e su l t s  we re  ob t a ined :  
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Table 5 Best Practise Adoption Rates 

B e s t  p r a c t i s e  c a t e g o r y  A v e r a g e L o w H i g h  
H u ma n  r e s o u r c e  d e v e l o p me n t  1 . 7 2  0 . 0 0  4 . 3 3  
C o n c e p t  d e s i g n  1 . 9 6  0 . 0 0  4 . 1 6  
C h a n g e  c o n t r o l  1 . 9 8  0 . 0 0  5 . 0 0  
D o c u me n t a t i o n  2 . 1 8  0 . 0 0  5 . 0 0  
M e t r i c s  2 . 4 0  0 . 0 0  5 . 0 0  
P r o c e s s  c o n t r o l  2 . 6 7  0 . 0 0  4 . 3 0  
C u s t o me r  i n v o l v e me n t  2 . 6 7  0 . 8 6  4 . 5 7  
P r o d u c t  s t r a t e g y  2 . 7 0  0 . 0 0  5 . 0 0  
T e c h n o l o g i c a l  l e a d e r s h i p  2 . 7 9  0 . 0 0  5 . 0 0  
G o a l s  3 . 0 5  0 . 0 0  5 . 0 0  
P r o j e c t  s e l e c t i o n  3 . 1 6  0 . 0 0  5 . 0 0  
    
    
A v e r a g e  s c o r e  2 . 4 8  0 . 0 7 8  4 . 7 6  

 

 

 
T h e  s u r v e y  wi l l  t h e r e f o r e  s h o w  h o w  t h e  a c c e p t a n c e  o f  spec i f i c  be s t  
p r a c t i s e  i t e m s  c ha n g e d  o v e r  t i m e  dur ing  the  var ious  s tages  o f  the  
c o m p a n y  l i f e  c y c l e .  
 
A  s i n g l e  c a s e  s t u d y  wi l l  b e  p e r f o r me d .  The  company  unde r  
i n v e s t i g a t i o n  w i l l  b e  Z y r a y  Wi r e l e s s ,  a  s t a r t - up  i n  t he  mob i l e  phone  
w i r e l e s s  i n d u s t r y .  T h e  f o l l o w i n g  c h a p t e r  g i v e s  mo r e  b a c k g r o u n d  
i n f o r ma t i o n  a b o u t  t h e  i n d u s t r y  i n  w h i c h  Z y r a y  c o mp e t e s .  
 
 
4 .8 .  Zyr a y  W i r e l e s s  bus i n e s s  e n v i r o n m e n t  
 
A s  n o t e d  b e f o r e  t h e  c o mp a n y  u n d e r  i n v e s t i g a t i o n  i s  Z y r a y  Wi r e l e s s ,  a  
s t a r t - u p  c o mpa n y  i n  S a n  D i e g o  C a l i f o rn i a .  P i e t e r  van  Rooyen  and  
Mich i e l  Lö t t e r  s t a r t ed  t he  compan y  i n  Sou th  Af r i ca  i n  Augus t  2000 .  
T h e  c o m p a n y  o r i g i n a l l y  o p e r a t e d  u n d e r  t h e  n a me  Ron in  Wi re l e s s .  
W h e n  t h e  c o mpa n y  mo v e d  t o  t h e  U S A  i n  mi d d l e  2 0 0 1  t h e  n a me  w a s  
c h a n g e d  t o  Z y r a y  Wi r e l e s s .  B o t h  f o u n d e r s  h a v e  d o c t o r a t e s  i n  
eng inee r ing ,  i n  pa r t i cu l a r  w i d e b a n d  c o d e  d i v i s i on  mu l t i  a c c e s s  
(WCDMA) .  WCDM A i s  a  t e chno logy  u s e d  i n  c e l l u l a r  c o m m u n i c a t i o n s  
( Z y r a y  W i r e l e s s  2 0 0 3 ) .  
 
To  be t t e r  unde r s t and  whe re  WCDM A f i t s  i n t o  t h i s  c a s e  s t u d y ,  t h e  
h i s t o r y  o f  c e l l u l a r  t e c h n o l o g y  h a s  t o  b e  t r a c e d .  C e l l u l a r  t e c h n o l o g y  
appea red  i n  t he  ea r l y  1980 ’ s .  Ana l ogue  t e chno logy  was  u sed  fo r  t he  
b i g g e s t  p a r t  o f  t h e  1 9 8 0 ’ s .  A n a lo g u e  t e c h n o l o g y  w a s  d e n o t e d  a s  1 s t  
g e n e r a t i o n  c e l l u l a r  t echno logy .  Ana logue  gave  t he  u se r  w i r e l e s s  
t e l e p h o n y  w i t h o u t  d a t a  s e r v i c e s .   
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T h e  mov e  t o  a  d i g i t a l  t e c h n o l o g y  s t a r t ed  a t  t he  end  o f  t he  1980 ’ s .  
Many  compe t ing  s t anda rds  appea red  ( U M T S  F o r u m 2 0 0 3 ) .  T h e  mo s t  
s u c c e s s fu l  t e c h n o l o g i e s  w e re  c o d e  d i v i s i o n  m u l t i p l e  a cc e s s  ( C D M A ) ,  
i n  t he  USA,  p ropaga t ed  by  Qua l comm,  and  GSM (g loba l  sy s t em fo r  
m o b i l e s )  i n  E u r o p e  l e a d  b y  c omp a n i e s  l i ke  N o k i a ,  E r i c s son  and  
S i e me n s .  2 n d  G e n e r a t i o n  d i g i t a l  t e l e p h o n y  o f f e r e d  v o i c e  a s  w e l l  a s  
d a t a  s e r v i c e s  a n d  b e t t e r  s ec u r i t y  a t t r i b u t e s .  T h e s e  s e r v i c e s  i n c l u d e d  
c a l l e r  i d en t i f i c a t i on  a n d  s h o r t  me s s ag e s  s e r v i c e  ( S M S ) ,  h o w e v e r  d a t a  
r a t e s  f o r  t h e s e  s e r v i c e s  a r e  l o w .  G S M  t e c h n o l o g y  g a i n e d  t h e  w i d e s t  
g l o b a l  a pp e a l  w i t h  a b o u t  7 00  mi l l i o n  s u b s c r i be r s .  G S M  i s  s e e n  a s  a  
ve ry  dependab l e  t e chno logy  w i th  a  l a rge  suppo r t  ba se .  I n  t he  l a s t  
d e c a d e  t he  f o r m a n d  u s e  o f  t h e  c e l lu l a r  p h one  h a s  a l so  c h a n g e d .  I t  
h a s  b e c o me  s ma l l e r ,  h a s  l o n g e r  s t a nd b y  t i me s  a n d  i s  s e e n  a s  a  s o c i a l  
n e c e s s i t y  r a t h e r  t h e n  j u s t  a  b u s i n e s s  t o o l .  T h e  h a n d s e t  i t s e l f  i s  
ava i l ab l e  i n  va r i ous  fo rms ,  f r om vo i ce -on ly  ve r s ions  t o  pe r sona l  
d i g i t a l  a s s i s t a n t s  ( P D A ’ s )  t ha t  a l so  o f f e r  vo i ce  s e rv i ce s .  The  
e v o l u t i o n  o f  t h e  l a t t e r  h a s  c r e a t e d  t he  n e e d  t o  me r g e  v o i c e  a n d  d a t a  
s e r v i c e s  i n t o  o n e  h a n d h e l d  d e v i c e  w h e r e  t h e  u s e r  i s  c o n s t a n t l y  
c o n n e c t e d  t o  v a r i o u s  d a t a  s e r v i c e s .  
 
U p g r a d i ng  c u r r e n t  s y s t e ms ,  h o w e v e r ,  i s  n o t  a  t r i v i a l  t a s k .  N e t w o r k  
o p e r a t o r s  h a v e  t o  s p e n d  mo n e y  on  new  bandwid th  and  on  new base  
s t a t i o n  t e c h n o l o g i e s .  D a t a - c e n t r i c  s e r v i c e s  a r e  e v o l v i n g  i n  a  t w o -
p h a s e d  a p p r o a c h .  T h e  f i r s t  p h a s e  h a s  b e e n  n a m e d  2 . 5  G  o r  s e c o n d  a n d  
a  ha l f  gene ra t i on .  GSM evo lved  i n t o  G P R S  ( g e n e r a l  p a c k e t  r a d i o  
s e r v i c e s )  t o  g i v e  t h e  u s e r  h i g h e r  d a t a  r a t e s  o n  mo b i l e  d e v i c e s .  G P R S  
s t i l l  o pe r a t e s  o n  t h e  s a me  c a r r i e r  f r e q ue n c i e s ,  a s  G S M  a n d  t h e  
ne twork  ope ra to r ’ s  t he r e fo r e  do  no t  h a v e  t o  pa y  fo r  t h e  e x t r a  
bandwid th .  Vo ice  ca l l s  u se  a  c i r c u i t  sw i t ched  ne twork .  I n  t he se  
n e t w o r k s  a  c h a n n e l  i s  o p e n e d  a n d  t he  s a me  r a t e  o f  d a t a  i s  a l w a y s  
s en t .  Da t a  ne tworks  u se  packe t  sw i t ched  t e chno logy  whe re  t he  da t a  
r a t e s  a r e  d e t e r mi n e d  b y  t h e  n e e d  a t  t h a t  mo m e n t .  G P R S  o f f e r s  d a t a  
r a t e s  o f  u p  t o  6 4  k i l o b i t s  p e r  s e co n d  ( k b p s )  a n d  G P R S  d e v i c e s  c a n  b e  
u s e d  t o  s u r f  mo b i l e  w e b  s i t e s  t o  g e t  t h e  l a t e s t  n e w s  a n d  i n fo r ma t i o n .  
B e c a u s e  o f  t h e  h i g h e r  d a t a  r a t e s  i t  h a s  b e c o me  p o s s i b l e  t o  s e n d  
p i c t u r e s  v i a  mo b i l e  d e v i c e .  N e w e r  d e v i c e s  i n c o r p o r a t e  c a me r a s  a n d  
c o l o u r  s c r e e n s  f o r  b e t t e r  g r aph i c s  v i ewing .  
 
U M T S  ( u n i v e r s a l  m o b i l e  t e l e c o m mu n i c a t i o n s  s y s t e m)  w i t h  t h e i r  3 r d  
G P P  ( g e n e r a t i o n  p a r t n e r s h i p  p r o j e c t )  gove rns  t he  s e t t i ng  o f  s t anda rds  
fo r  WCDMA.  WC DMA i s  one  o f  a  f e w  p o s s i b l e  3 r d  gene ra t i on  
s t a n d a r d s .  O n e  o f  t h e  c o m p e t i n g  s t a n d a r d s  i s  C D M A 2 0 0 0 ,  w h i c h  i s  
t he  evo lu t i on  o f  Qua l comm’ s  CDMA t echno logy  i n to  a  3 r d  gene ra t i on  
s e r v i c e .  B e c a u s e  3 r d  gene ra t i on  s t anda rds  r equ i r e  new  bandwid th  t ha t  
h a s  t o  b e  b o u g h t  f r o m t h e  g o v e r n me n t  by  ca r r i e r s ,  t he  imp leme n t a t i on  
o f  t h e  n e w  s t a n d a r d s  h a s  b e e n  d o g g e d  b y  p r o b l e ms  a n d  d e l a y s .  N T T  
DoCoMo in  J apan ,  i n t roduced  t he  f i r s t  3 r d  ge n e r a t i o n  p i l o t  s i t e s  i n  
Tokyo  i n  2001 .  The  r e s t  o f  t he  wor ld  ha s  been  s l ugg i sh  t o  f o l l ow .  
E s p e c i a l l y  i n  t h e  w a k e  o f  t h e  I n t e rne t  and  s t ock  ma rk e t  b u s t  i n  e a r l y  
2001 ,  p i l o t  s i t e s  have  been  s l ow  to  emerge  i n  Eu rope  and  t he  r e s t  o f  
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t h e  w o r l d .  D e l a y s  i n c l u d e  t e c h n i c a l  d i f f i c u l t i e s  e x p e r i e n c e d  b y  b o t h  
h a n d s e t  a n d  b a s e  s t a t i o n s  m a n u f a c t u r e r s .     
 
B e c a u s e  o f  t h e  p r e v i o u s l y  me n t i o n e d  n e t w or k  c o n s t r a i n t s ,  t od a y ’ s  
n e t w o r k s  a r e  u p g r a d e d  g r a d u a l l y .  M u l t i - mo d e  ( G S M  a n d  G P R S )  a n d  
m u l t i - f r e q u e n c y  p h o n e s  a r e  t he  n o r m.  D i f f e r en t  ch ip se t s  o f f e r  
m u l t i mo d e  f u n c t i on a l i t y  i n  o n e  s i l i co n  c h i p .  T h e  t e c h no l o g y  u s e d  i n  a  
c e l l  p h o n e  c a n  b e  d i v i d e d  i n t o  v a r i o u s  t i e r s .  T h e  f i r s t  t i e r  i s  t h e  R F  
( r a d i o  f r e q u e n c y )  l e v e l .  A t  t h i s  l eve l  t he  ba se -band  s i gna l  i s  
modu la t ed  and  demodu la t ed .  The  s econd  t i e r  i s  t he  ba se -band  
d e c o d i n g  a n d  e n c o d i n g ,  o r  mo d e m l e v e l .  A t  t h i s  l e v e l  d a t a  t o  a n d  
f r o m t h e  d e v i c e  a r e  e n c o d e d  a n d  d e c o d e d  i n t o  t h e  c o r r e c t  f o r ma t .   
T h e  O S I  ( o p e n  s y s t e ms  i n t e r c o n n e c t i o n )  mo d e l  d e n o t e s  t h i s  l e v e l  a s  
l aye r  1  o r  t he  phys i ca l  l aye r .  
 
T h e  p r o t o c o l  s t a c k  l a y e r s  f o l l o w  l a y e r  1 .  T h e s e  i n c l u d e  l a y e r  2 ,  o r  
t h e  a c c e s s  s t r a t u m  ( A S )  u p  t o  t he  n o n - a c c e s s  s t r a t um  ( N A S ) .  T h e  
p r o t o c o l  s t a c k  i mp l e me n t s  t h e  h i g he r  l e v e l  s i g n a l l i ng  w i t h  t h e  b a s e  
s t a t i o n s  a n d  t h e  n e t w o r k .  O n  t o p  o f  t h i s  t i e r  i s  t h e  u s e r  i n t e r f a c e .    I n  
WC D M A  t h e  u s e r  i n t e r f ac e  b e c ome s  m o r e  i mp o r t a n t  t h a n  b e fo r e  
b e c a u s e  o f  i t s  a b i l i t y  t o  d o w n l o a d  d a t a  a n d  t h e  v i e w  h i g h - r e s o l u t i o n  
v ideo  c l i p s  on  co lou r  d i sp l ays .  Th e  p h o n e  ma n u f a c t u r e s  p u t  a l l  o f  t h e  
pa r t s  t oge the r  and  ma nufac tu r e  t he  phones .  Depend ing  on  t he  phone  
ma n u f a c t u r e r ,  p a r t  o r  a l l  o f  t h e  t i e r s  o f  t e chno logy  me n t ioned  above  
c a n  b e  b o u g h t  e x t e r n a l l y .  
 
Z y r a y  Wi r e l e s s ’ s  ma r k e t  i s  t y p i c a l l y  a n y  o f  t h e  ma n u f a c t u r e r s  t h a t  
n e e d  a  W C D M A  mo d e m  o r  t h e  i n t e l l e c t u a l  p r o p e r t y  ( I P )  o f  t h e  
W C D M A  mo d e m.  A  p o t e n t i a l  c l i e n t  cou ld  be  a  p ro toco l  s t a ck  
c o mpa n y  t h a t  h a s  t o  p r o v e  i t s  t e chno logy  t o  t he  phone  ma nufac tu r e r  
w h o  d o e s  n o t  p r o d u c e  i t s  own  WCDMA mode ms .   
 
Z y r a y ’ s  f i r s t  e xp e r i me n t a l  mode m ch ip  was  manufac tu r ed  i n  
D e c e mb e r  2 0 0 2 .  T h e  f i r s t  c h i p  o f f e r s  o n l y  W C D M A  t e c h n o l o g y  b u t  
l a t e r  r e l e a s e s  w i l l  o f f e r  i n t e g r a t i o n  w i t h  o t h e r  p r o t o c o l s ,  f o r  
example :  GSM and  GPRS.  The  IC  i s  known  a s  SPINNER.  SPI NNER 
c a n  b e  u s e d  i n  c o n j u n c t i o n  w i th  cu r r en t  GSM/GPRS modems .  
S P I N N E R  c o n t a i n s  t h e  WC D M A  c o r e ,  a n  A R M 7  p r o c e s s o r ,  me m o r y  
and  a  m ixed  s i gna l  pa r t .  The  mi x e d  s i g n a l  p a r t  i nc ludes  A /D’s  
( ana logue  t o  d ig i t a l )  u sed  t o  d i g i t i s e  t h e  i n c o mi n g  b a s e  b a n d  
a n a l o g u e  s i g n a l .  I t  a l s o  i n c l u d es  DAC’s  (d ig i t a l  t o  ana logue  
conve r t e r s )  u sed  fo r  con t ro l  and  ge ne ra t i on  o f  ba se  band  ana logue  t o  
t h e  R F  t ha t  i s  e x t e r n a l  t o  t he  I C .  
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Figure 6: SPINNER Chip 

 
 
T h e  c o m p a n y  ma n u f a c t u r e d  a n  I C  f o r  t w o  r e a s o n s .  F i r s t l y ,  b e c a u s e  
t h e  c o mp a n y  i s  a  s t a r t - u p  t he y  h a v e  t o  p r o v e  t h e i r  c o mpe t e n c e  be f o r e  
a n y  o t h e r  c o mpa n y  w i l l  u s e  Z y r a y ’ s  I P  i n  t h e i r  o w n  I C ’ s .  S e c o n d l y ,  
a t  t h e  s t a r t  o f  t he  WC D M A  l i f e - c yc l e ,  t h e  c o s t  o f  a n  i n t e g ra t e d  
G S M / G P R S / WC D M A  c h i p  i s  s t i l l  f a r  h i g h e r  t han  a  d u a l - c h i p  
s o l u t i on .  
 
T h e  c o m p a n y ’ s  c o r e  t e c h n o l o g y  c o mp e t e n c y  i s  W C D M A  s y s t e m 
e n g i n e e r i n g .  Z y r a y ’ s  g r o u p  o f  eng inee r s  deve lops  h igh - l eve l  
c o mp u t e r  mo d e l s  o f  t h e  s i g n a l l i n g  e n v i r o n me n t  f o r  b o t h  t h e  b a s e  
s t a t i o n  a n d  t h e  h a n d s e t .   T h e  mo d e l s  a r e  u s e d  t o  d e s i g n ,  d e v e l o p  a n d  
t e s t  t h e  c o r e  WC D M A  mo d e m d e s i g n .  T h e  s y s t e m e n g i n e e r i n g  has  t o  
c o mp l y  w i t h  3 G P P  s t a n d a r d s  a s  w e l l  a s  i n n o v a t i v e  p e r f o r ma n c e  
f e a t u r e s  t h a t  p r ov i d e  t he  c o mp a n y  w i t h  a n  a d v a n t a g e  o v e r  t he  
c o mpe t i t i o n .  
 
A f t e r  t he  sy s t em eng inee r i ng  g roup  ha s  p roven  t ha t  t he i r  de s ign  
w o r k s ,  a  g r o u p  o f  h a r d w a r e  d e s i g n  eng inee r ’ s  code  t he se  de s igns  i n  
V H D L  ( v e r y  h i g h  d e s c r i p t i o n  l a n g u a g e ) .  T h e  c o d e  i s  t h e n  c o mp i l e d  t o  
r un  on  phys i ca l  ha rdware .  Cu r r en t l y  FPGA’ s  ( f i e l d  p rog ramma b le  
g a t e  a r r ay )  a r e  u se d  a s  a  ha r d w a r e  t e s t - b e d .  T h e  h a r dw a r e  o f f e r s  a n  
i n t e r f a c e  t o  a  C P U  ( c e n t r a l  p r o c e s s i ng  u n i t )  t h a t  i s  c on n e c t e d  t o  t h e  
WCDMA proces s ing  ha rdware .  The  p r o c e s s o r  e x e c u t e s  s o f t w a r e  a n d  
t h e  s o f tw a r e  o n  t h e  p ro c e s s o r  c o mpl e t e s  t h e  ph y s i c a l  l a y e r  
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r e q u i r e m e n t s  a c c o r d i n g  t o  3GPP  spec i f i c a t i on .    
 
T h e  s o f t w a r e  g r ou p  w r i t e s  s o f t w a r e  t ha t  c o n t r o l s  t h e  h a r dw a r e  
a c c o r d i n g  t o  h i g h e r  l a y e r  p r o t o c o l  s t a c k  s o f t w a r e .  T h i s  s o f t w a r e  i s  
w r i t t e n  i n  a s s e mb l e r  a n d  C  a n d  c o mpi l e d  t o  r u n  o n  t h e  h o s t  p r o c e s s o r .  
T h e  s o f t w a r e  a l s o  d e c o d e s  i n f o r ma t i o n  r e c e i v e d  f r o m  t h e  mod e m t o  
d e t e r mi n e  w h a t  t he  b a s e  s t a t i o n  t h a t  i s  s e n d i ng  t h e  d a t a  r e q u i r e s .  T h e  
i n t e r f a c e  w i t h  t h e  p r o t o c o l  s t a c k  i s  a n  i mp o r t a n t  p a r t  o f  t h e  mo d e m a s  
t h e  s a me  h a r d w a r e  i n t e r f a c e  h a s  t o  c o m m u n i c a t e  w i t h  v a r i o u s  
p r o t o c o l  s t a c k  h a r d w a r e  a n d  s o f t w a re  con f igu ra t i ons .  The  so f twa re  
a l s o  h a s  t o  c o n t r o l  v a r i o u s  p e r i p h e r a l s ,  i n c lud i n g  R F  c h i p s e t s ,  A / D  
conve r t e r s  and  DAC’s .  
 
T h e  f i n a l  s t e p  i n  p r o d u c i n g  a  c h i p  i s  t h e  i n t e g r a t i on  o f  t he  SPINNER 
c o r e  h a r d w a r e ,  p r o c e s s o r ,  me mor y  a n d  p e r i p h e r a l  i n t o  a n  A S I C  
( a p p l i c a t i o n  s p e c i f i c  i n t e g r a t e d  c i r c u i t )  d e s i g n .  T h i s  d e s i g n  mus t  t h e n  
b e  t e s t e d  w i t h  P C - b a s e d  so f t w a r e  s i mu l a t o r s  a n d  b a se  s t a t i o n  t e s t  
h a r d w a r e  b e f o r e  t h e  d e s i g n  i s  g i ve n  t o  a  ma n u f a c t u r e r  w h o  w i l l  
p r o d u c e  t h e  I C .  Th i s  p a r t  o f  t h e  d e v e l o p me n t  p r o c e s s  i s  e x t r e me l y  
c r i t i c a l  a s  t h e  I C  f a b r i c a t i o n  p r o c es s  i s  v e r y  e x p e n s i ve .  I t  i s  a l so  
v e r y  d i f f i c u l t  t o  c o r r e c t  a n y  mi s t a ke s  a f t e r  t h i s  p o i n t .  T h e  
r e l a t i o n s h i p  w i t h  t h e  ma n u f a c t u r e r  i s  c r u c i a l  d u e  t o  t h e  h i g h  l e v e l  o f  
c o o r d i n a t i o n  a n d  t e c h n i c a l  d i f f i c u l t y .  D u e  t o  t h i s  l e v e l  o f  i n t e g ra t i o n  
t h e  r e l a t i o n s h i p  i s  s e e n  a s  a  l o n g - t e r m  o n e  w h e r e  t h e  ma n u f a c t u r e r  
w i l l  t y p i c a l l y  p r od u c e  a  f e w  t e s t  I C ’ s ,  a n d ,  a s  t h e  c o mpa n y  g e t s  
o r d e r s ,  p r o d u c e  p r o d u c t i o n  c h i p s .  
 
T h e  h a r d w a r e  d e s i g n  g r o u p  d e s i g n s  t e s t - b e d s  f o r  t h e  F P G A ’ s ,  R F  a n d  
t h e  A S I C  t o  b e  t e s t e d  o n .  T h e y  p r o d u c e  h a r d w a r e  r e f e r e n c e  d e s i g n s  
fo r  o the r  compan i e s  t o  u se  when  p l ac ing  t he  ch ip  i n s ide  t he i r  own  
e n v i r o n me n t s .  E v a l u a t i o n  p l a t f o r ms  a r e  a l s o  p r o d u c e d  s o  t h a t  t h e  
S P I N N E R  c h i p  c a n  e a s i l y  b e  t e s t e d  a nd  e v a l u a t e d  b y  3 r d  p a r t i e s .  
 
T h e  i n t e r f a c e  b e t w e e n  t h e  ph y s i c a l  l ay e r  a n d  t h e  h i g h e r  l a y e r s  i s  a n  
e x t r e me l y  i mp o r t a n t  e l e m e n t  o f  t he  de s ign .  A  ded i ca t ed  g roup  
i n t e g r a t e s  t h e  S P I N N E R  c h i p  w i t h  v a r i o u s  GSM  b a s e  b a n d  p r o c e s s o r s  
a n d  p r o t o c o l  s t a c k s .  F i r s t l y ,  f o r  p ar t n e r s  t h e  a f o r e men t ioned  i n t e r f ace  
i s  w h a t  ma k e s  t h e  c h i p  f u n c t i o n  i n  t h e  a c t u a l  c e l l  phone .  Second ly ,  
when  i n t eg ra t i ng  w i th  va r i ous  p roce s so r s  t e s t i ng  p roves  t ha t  t he  ch ip  
i s  a b l e  t o  fu n c t i on  w i t h  t he  v a r i o u s  p roces so r s  o f  p o t e n t i a l  p a r t n e r s  
a n d  c l i e n t s .  O f t e n  t h i s  ca pa b i l i t y  i s  u sed  a s  l eve r age  by  ma rke t i ng  
a n d  b u s i n e s s  d e v e l o p me n t  w h e n  c o m p e t i n g  a g a i n s t  o t h e r  c o mpa n i e s  
f o r  b u s i n e s s .  
 
T h e  ma r k e t i n g  a n d  b u s i n e s s  d e v e l o p me n t  g r o u p  i d e n t i f i e s  a n d  
i n i t i a t e s  c o n t a c t  w i t h  p o t e n t i a l  c u s t o me r s  a n d  p a r t n e r s ,  c o n t r o l s  
a d v e r t i s i n g  a n d  p r e s s  r e l e a s e s ,  and  hand l e s  a l l  t he  o rgan i s a t i on  
s u r r o u n d i n g  t r a d e  s h o w s .  A n  i mp o r t a n t  o u t p u t  o f  t h e  g r o u p  i s  
r e s e a r c h  i n f o r ma t i o n  a b o u t  c u r r e n t  t e chno logy  and  ma rke t  t r ends .  
P a r t  o f  t h e  ma r k e t i n g  f u n c t i o n  i s  a l so  c l i en t  suppo r t ,  wh ich  bo i l s  
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down  to  ma k ing  su r e  t ha t  t he  p r o b l e ms  a n d  q u e s t i o n s  o f  c l i e n t s  
a n d / o r  p a r t n e r s  a r e  b r o u g h t  t o  t h e  a t t e n t i o n  o f  t h e  e n g i n e e r s .  F i e l d  
a p p l i c a t i o n  e n g i n e e r s  h a n d l e  t h i s  f unc t i on .  Obv ious ly  t h i s  func t i on  
o n l y  b e c a me  n e c e s s a r y  w h e n  t h e  e ng i n e e r s  w o r k i n g  i n  d e v e l o p me n t  
c o u l d  n o t  h a n d l e  t h e  w o r k l o a d  o f  n e w  d e v e l o p me n t  w h i l e  a l s o  
s u p p o r t i n g  p a r t n e r s  i n  S a n  D i e g o  and  t r ave l l i ng  t o  pa r t ne r  l oca t i ons .  
T h e  f i e l d  a p p l i c a t i o n s  e n g in e e r  mus t  a l so  coo rd ina t e  t h e  t e s t i ng  o f  
t h e  mo d e m a g a i n s t  a c t u a l  n e t w o r k s .  B e f o r e  a  n e t w o r k  o p e r a t o r  a l l o ws  
a  phone  on to  i t s  ne twork ,  i n t e rope rab i l i t y  t e s t i ng  ha s  t o  be  
succe s s fu l l y  pe r fo rme d .  
 
T h e  i n f o r ma t i o n  t e c h n o l o g y  f u n c t i o n  o f  t h e  c o mpa n y  i s  c o n t r a c t e d  
o u t .  T h e  g o a l  o f  t h i s  t e a m  i s  t o  p rov ide  t he  company  w i th  an  
i n t e g r a t e d  i n f o r m a t i o n  t e c h n o l o g y  s t r a t egy .  Th i s  s t r a t egy  fo rms  a n  
i n t e g r a l  p a r t  o f  t h e  d o c u me n t a t i on  and  change  con t ro l  f unc t i ons .   
 
4 .9 .  C o n c l u s i o n s  
 
I n  summa r y ,  t he  r e s ea r ch  t o  be  d o n e  c e n t r e s  a r o u n d  t h e  a d o p t i o n  o f  
i n d u s t r y -a c c e p t e d  b e s t  p r a c t i s e  c a t eg o r i e s .  B e s t  p r a c t i s e  c a t e g o r i e s  
have  evo lved  ove r  t he  pa s t  f ew  deca des  i n to  t he  gene ra l l y - accep t ed  
c a t e g or i e s  d e t a i l ed  i n  t h e  p r e v i o us  c h a p t e r .  T h e  p ro b l e m d e f i n e d  
e a r l i e r  i s  t h a t  t h e  s t a r t - u p  c o mpa n y  i s  n o t  me n t i o n e d  i n  p a r t i c u l a r  a s  
h a v i n g  a n y  n e e d s  t h a t  a r e  d i f f e r e n t  f r o m t h o s e  o f  w e l l - e s t a b l i s h e d  
c o mpa n i e s .  
 
T h e  a i m  o f  t h i s  d i s s e r t a t i o n  i s  t h e r e f o r e  t o  d e t e r mi n e  w h e t h e r  a  
d i f f e r e n c e  e x i s t s  b e t w e e n  i n d u s t ry  be s t  p r ac t i s e  me thods  and  t he  
n e e d s  o f  a  s t a r t - u p  c o mpa n y .  
 
The  un i t  o f  ana ly s i s  o f  t h i s  d i s s e r t a t i o n  i s  t h e  e v o l v e me n t  o f  t h e  
p r o d u c t  d e v e l o p m e n t  p r o c e s s  i n  C a l i f o rn i a  s t a r t - up  company  Zy ray  
Wi r e l e s s .  T h e  r e s e a r c h  w i l l  b e  conduc t ed  a s  a  c a se  s t udy  r e sea r ch  
me thodo logy .  Th i s  en t a i l s  co l l e c t i n g  e m p i r i c a l  d a t a ,  ma k i n g  
p r o p o s i t i o n s  a n d  t h e n  d e v e l o p i n g  c o n c l u s i o n s  b a s e d  o n  t h e  a n a l y s i s  
o f  t h e  d a t a .  T o  t h i s  e n d  v a r i o u s  me t h o d s  w i l l  b e  u s e d  t o  c o l l e c t  d a t a  
i nc lud ing :  pa r t i c i pan t  o b s e r v a t i o n ,  d o c u me n t a t i o n  a n d  i n t e r v i e w s .  
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5.  Data gathered 
 
Th ree  da t a  co l l e c t i on  p r i nc ip l e s  a r e  m o r e  i mp o r t a n t  t ha n  a n y  o t h e r s :  
m u l t i p l e  s o u r c e s  o f  e v i d e n ce ,  a  c a s e  s t u d y  da t a b a se ,  a n d  f i n a l l y  a  
c h a i n  o f  e v i d e n c e  t h a t  l i n k s  t h e  q u e s t i o n s  a s ke d ,  t h e  da t a  c o l l ec t ed  
a n d  t h e  c o n c l u s i o n s  d r a w n .  T o  t h i s  e n d  d a t a  i s  c o l l e c t e d  f r o m 
d i f f e r en t  sou rce s  a s  de t a i l ed  i n  t he  fo l l owing  pa r ag raph .  
 
T h e  a i m o f  t h e  s t ud y  i s  t o  a n a l y s e  wh i c h  b e s t  p r a c t i s e  c a t e g or i e s  a r e  
a c c e p t e d  b y  t h e  c om p a n y  t h r o u g h o u t  i t s  l i f e t i me .  T h e  d a t a  ga t he r e d  
w i l l  b e  i n v e s t i ga t e d  t o  s e e  w h e t h e r  v a r i o us  s o u r c e s  o f  i n fo r ma t i o n  
s h o w  t h a t  t h e  s a me  s e t  o f  b e s t  p r a c t i s e  i t e ms  w e r e  i mp l e me n t e d  o v e r  
t i me .  
 
 
5 .1 .  D a t a  g a t h e r i n g  p r o c e s s  
 
A s  s t a t e d  p r e v i o u s l y ,  d a t a  w a s  g a t he r ed  f rom va r ious  sou rce s .  Th i s  
i n c l u d e d  p a r t i c i p a n t  o b s e r v a t i o n s ,  v a r i ous  docume n t s  and  i n t e rv i ews .  
F i r s t l y ,  a  c h r o n o l og i c a l  h i s to r y  o f  t he  c o mpa n y  w i l l  be  g i v e n .  Th i s  
i n f o r ma t i o n  w a s  m o s t l y  o b t a i n e d  t h r o u g h  t h e  e x p e r i e n c e  o f  t h e  w r i t e r  
w h i l e  w o r k i n g  f o r  t h e  c o m p a n y  b e i n g  s t u d i e d  a n d  t h e  p r e s s  r e l e a s e s  
i n  Append ix  5 .  Second ly ,  i n fo r ma t ion  on  t he  changes  i n  t he  company  
s t r u c t u r e  w i l l  b e  g i v e n .  T h i s  i n f o r ma t i o n  w a s  p a r t l y  g a t he r e d  t h r ou g h  
p a r t i c i p a n t  o b s e r v a t i o n s  a n d  c o m pa n y  s t r u c t u r e  i n f o r ma t i o n  f r o m 
c o mpa n y  p r e s e n t a t i o n s .  T h i r d l y ,  t h e  r e s u l t s  f r o m t he  i n t e r v i e w s  
conduc t ed  w i th  va r i ous  s t a f f  me mber s  w i l l  be  p r e sen t ed .  A t  t h i s  po i n t  
t h e  foc u s  w i l l  ma i n l y  b e  o n  t h e  c o m me n t s  ma d e  a n d  n o t  o n  t h e  sc o r e s  
g i v e n .  F o u r t h l y ,  t h e  e v o l u t i o n  o f  t he  N P D  p r o c e s s  w i l l  b e  d i s c u s s e d .  
T h e  d a t a  f o r  t h i s  d i s c u s s i o n  w a s  g a t h e r e d  t h r o u g h  p a r t i c i p a n t  
obse rva t i ons  and  p r e sen t a t i ons  on  t he  company  deve lopmen t  and  
documen t a t i on  p roces se s .  Las t l y ,  da t a  o n  t h e  h u ma n  r es o u r c e  a sp e c t s  
a r e  g i ve n .   
 
 
5 . 2 .  Data  or  in format ion  ga thered  
 
 
5 . 2 . 1 .  D e t a i l e d  h i s t o r y  o f  t h e  c o m p a n y  
 
 
B e l o w ,  a  t i me - l i ne  o f  t h e  h i s t o r y  o f  Z y r a y  Wi r e l e s s  i s  g i v e n .  T h e  
h i s t o ry  o f  Zy ray  w i r e l e s s  c an  be  d iv ided  i n to  va r i ous  phase s .  
Acco rd ing  t o  Mason  t he  va r i ous  company  deve lopmen t  phase s  a r e :  
c o n c e p t ,  s e e d ,  p r o d u c t  d e v e l o p me n t ,  ma rke t  and  s t e ady  s t a t e .  The  
c o mpa n y  w a s  s t a r t e d  i n  t h e  mi d d l e  o f  2 0 0 0  i n  S o u t h  A f r i c a .  T h e  
f o u n d e r s  r e c e i v e d  t h e i r  i n i t i a l  c ap i t a l  f r om an  i nves to r  t o  bu i l d  a  
W C D M A  p h o n e .  T h e y  u s e d  i n i t i a l  c a p i t a l  t o  s e c u r e  o f f i c e s  i n  
M i d r a n d ,  S o u t h  Af r i c a  a n d  b e g a n  r ec r u i t i n g  e n g i n e e r s .  B y  S e p t e mb e r  
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2000 ,  20  eng inee r s  we re  work ing  fo r  t h e  c o m p a n y .  T h e  c o mp a n y  w a s  
d i v i d e d  i n t o  t w o  ma i n  g r o u p s .  T h e  f i r s t  g roup  was  i nvo lved  wi th  t he  
l a y e r  1  s o f t w a r e  a n d  h a r d w a r e  w h i l e  t h e  s e c o n d  g r o u p  w a s  t a s k e d  
w i t h  d e v e l o p i n g  t h e  l a y e r  2  a n d  3  s o f t wa re  ( r e f e r  t o  pa r ag raph  4 .7  fo r  
d e t a i l e d  i n fo r ma t i o n ) .  M i c h i e l  L o t te r  was  head  o f  eng inee r ing  wh i l e  
c o - f o u n d e r  P i e t e r  v a n  R o o y e n  h a n d l e d  t h e  b u s i n e s s  s i d e  o f  t h e  
c o mp a n y .   
 
The  f i r s t  f ew  mon ths  w e r e  mos t l y  s p e n t  l e a r n i n g  t h e  n e c e s s a r y  
s p e c i f i c a t i o n s  a n d  d e c i d i n g  w h i c h  to o l s  a n d  me t h o d s  w e r e  g o i n g  t o  b e  
u s e d .  T h e  c o mpa n y  e s s e n t i a l l y  u s e d  a  f l a t  ma n a g e me n t  s t r u c t u r e  w i t h  
n o  r e a l  mi d d l e  ma n a g e me n t .  S o me  p e o p l e  w e r e  t a s k e d  w i t h  
p e r f o r mi n g  s o me  p r o j e c t  m a n a g e me n t  du t i e s  bu t  t hey  d idn ’ t  c a r ry  any  
a u t h o r i t y  t o  ma n a g e  a s  s u c h .  M o s t  me e t i n g s  i n v o l v e d  e v e r y o n e  i n  t h e  
c o mpa n y  a n d  i n  t h e s e  me e t i n g s  p e o p l e  u s e d  t h e i r  k n o w l e d g e  f r o m  
p r e v i o u s  e x p e r i e n c e s  t o  e n l i g h t e n  e v e r y o n e  e l s e .  I n  s o me  c a s e s  t h i s  
w a s  u s e f u l  b u t  i t  a l s o  o f t en  ended  up  be ing  ve ry  t ed ious .  The  b igges t  
a s s e t ,  h o w e v e r ,  w a s  t h a t  e v e r y o n e  s t a r t e d  t o  g e t  t o  k n o w  e v e r y o n e  
e l s e .  S o me  p e o p l e  h a d  w o r k e d  t oge the r  p r ev ious ly ,  bu t   peop l e  
g e n e r a l l y  w e r e  n o t  a w a r e  o f  t h e  e x p e r t i s e  a n d  p e r s o n a l i t i e s  o f  m o s t  o f  
t h e  o t h e r  e mp l o y e e s .   
 
Towards  t he  end  o f  t he  yea r  i t  b ecame  obv ious  t o  t he  founde r s  t ha t  
t he i r  cu r r en t  i nves to r s  we re  no t  go ing  t o  be  ab l e  t o  suppo r t  t hem.  Fo r  
t h i s  r e a s o n  t h e y  s t a r t e d  l o o k i n g  a t  v a r i o u s  o p t i o n s .  T e d  A l e x a n d e r  
f r o m S a n  D i e g o - b a s e d  M i s s i o n  V e n t u re s  ma d e  a  d u e  d i l i g e n c e  v i s i t  t o  
t h e  c o mp a n y  i n  J a n u a r y  2 0 0 1 .  H e  s u b s e q u e n t l y  d e c i d e d  t o  m a k e  a  
s u b s t a n t i a l  i n v e s t me n t  i n  t h e  c o mp a n y .   
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Figure 7: Zyray timeline 

 
T h e  o l d  i n v e s t o r s  w e r e  r e i m b u r s e d ,  an d  t h i s  l e f t  t h e  co mp a n y  f r e e  t o  
c o n t i n u e  w i t h o u t  t h e i r  i n v o l v e me n t .  The  new  inves tmen t ,  howeve r ,  
c a r r i e d  so me  p r e r e q u i s i t e s .  F i r s t l y ,  t h e  c o mp a n y  h a d  t o  r e l o c a t e  t o  
San  D iego ,  Ca l i f o rn i a .  Second ly ,  t he  compa ny  had  t o  demons t r a t e  
w o r k i n g  s o f t w a r e  a n d  h a r d w a r e  a t  a n  I E E E  s h o w  t o  b e  h e l d  a t  t h e  e n d  
o f  M a y  2 0 0 1  i n  S a n  F r a n c i s c o  i n  t he  U S A .  T h i s  w o u l d  a l s o  b e  t h e  
c o mp a n y ’ s  d e b u t  i n  t h e  U n i t e d  S t a t e s .  
 
T h e  f i r s t  p a r t  o f  2 0 0 1  w a s  t h e re f o r e  s p e n t  p r e p a r i n g  f o r  t h e  
c o n f e r e n c e  a n d  g e t t i n g  t h e  o f f i c e  i n  S a n  D i e g o  s e t - u p .  T h e  c o m p a n y  
a l s o  ma d e  t h e  n a me - c h a n g e  f r o m R o n i n  t o  Z y r a y  a s  t h e  R o n i n  n a me  
w a s  a l r e a d y  r e g i s t e r e d  i n  t h e  U n i t e d  S t a t e s .  A t  t h i s  t i me  We r n e r  
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S i e v e r s  w a s  a p p o i n t e d  a s  t h e  c o mp any  CEO .  Mr  S i eve r s  i s  Sou th  
A f r i c a n  ex p a t r i o t  w h o  h a s  s t a r t e d  a n d  l e d  n u me r o u s  c o mp a n i e s  o v e r  
t he  yea r s ,  i nc lud ing  D i me ns ion  Da t a .  H e  m o v e d  t o  A me r i c a  i n  t h e  
e a r l y  n i n e t i e s .  A  v i c e  p r e s i d e n t  o f  ma r k e t i n g  w a s  a l s o  a p p o i n t e d .  
Mike  C iv i e l l o  l i ved  i n  Ar i zona  bu t  ag r eed  t o  commute  t o  San  D iego .  
M i k e  s p en t  n e a r l y  2 0  y e a r s  w o r k i n g  fo r  M o t o r o l a  i n  A me r i c a  a s  w e l l  
a s  J a p a n .  Whi l e  t he  Z y r a y  t e a m i n  A me r i c a  w a s  s t i l l  f i n d i n g  i t s  f e e t ,  
m o r e  p e o p l e  w e r e  a p p o i n t e d  i n  Sou th  Af r i ca .  The  unde r s t and ing  was  
t h a t  o n l y  p e o p l e  f r o m t h e  o r i g i n a l  g roup  and  no t  t he se  peop l e  wou ld  
h a v e  t o  m o v e  t o  A me r i c a .  M o s t  p e o p l e  i n  t h e  o r i g i n a l  g r o u p  h a d  n o  
p r o b l e m w h a t s o e ve r  w i t h  m o v i n g  t o  A me r i c a .  T h e  a d d i t i o na l  p e o p l e  
w e r e  e mp l o y e d  p r i ma r i l y  t o  w o r k  o n  h i g h e r  l a y e r  s o f t w a r e  i n c l u d i n g  
t h e  g r a p h i c a l  i n t e r f a c e .  
 
By  t he  end  o f  M a y  two  demos  we re  ava i l ab l e .  The  l aye r  1  demo  
d e mo n s t r a t e d  t h e  W C D M A  t r a n s mi t t e r  h a r d wa r e  r u n n i n g  i n  a n  F P G A  
t e s t  b e d .  T h e  L a y e r  2  d e m o  d e mo n s t r a t e d  m o c k - u p  p h o n e s  r u n n i n g  
pa r t  o f  t he  p ro toco l  s t a ck ,  mak i n g  a  d a t a  c a l l  a n d  r u n n i n g  J a v a  
app l i c a t i ons .  The  ma jo r  advan t age  o f  t h e  c om p a n y ’ s  p a r t i c i p a t i o n  i n  
t h e  s h o w  w a s  g e t t i n g  t h e  Zy r a y  n a m e  o u t  a s  w e l l  a s  p r o v i n g  t o  t h e  
i n v e s t o r s  t h a t  t h e  c o mpa n y  c ou ld  de l i ve r  on  i t s  p romi se s .   
 
T h e  n e x t  f e w  m o n t h s  w e r e  s p e n t  t h r a s h i n g  o u t  a  n e w  s t r a t e g y  f o r  t h e  
c o mpa n y  a n d  mo v i n g  t h e  b a l a n c e  o f  t h e  p e o p l e  o v e r  t o  t h e  U n i t e d  
S t a t e s .  A t  t h e  e n d  o f  A u g u s t  ma n a g e me n t  ma d e  s o me  v e r y  d i f f i c u l t  
d e c i s i o n s .  F i r s t l y ,  t h e  o f f i c e  i n  S o u t h  A f r i c a  h a d  t o  b e  c l o s e d  a n d  
e v e r y o n e  w h o  w a s  s t i l l  w or k i n g  t h e r e  h a d  t o  b e  r e t r e n c h e d .  T h e  S o u t h  
A f r i c a n  o f f i c e  h a d  b e c o me  t o o  mu c h  o f  a  b u r d e n  o n  r e s o u r c e s .  T h i s  
change  a l so  f i t  w i th  t he  s econd  cha n g e  i n  t h e  c o mp a n y .  H e n c e f o r t h  
t h e  c o mp a n y  w o u l d  c o n c e n t r a t e  o n  l a y e r  1  a n d  n o t  i mp l e me n t  
a n y t h i n g  a b o v e  l a y e r  1  a t  a  c o m m e r c i a l  l eve l .  Sys t em e ng inee r i ng  and  
l a y e r  2  p e o p l e  i n  t h e  c o mp a n y  w o u l d  s p e n d  a l l  t h e i r  t i me  d e v e l o p i n g  
s o l u t i on s  t o  f a c i l i t a t e  t h e  suc c e s s fu l  d e l i ve r y  o f  a  c o m m e r c i a l  l a y e r  
1 .  I n i t i a l l y  i t  w a s  t h o u g h t  t h a t  t h e  I P  ( i n t e l l e c t u a l  p r o p e r t y )  c o u l d  b e  
s o l d  t o  a  c h i p  v e n d o r .  M a r k e t i ng ,  howeve r ,  f ound  t ha t  no  one  wou ld  
t r u s t  t he  s t a r t - up  i f  t hey  cou ld  no t  p r o v e  t ha t  t h e i r  s o l u t i o n  w or k e d  
i n s ide  a  ch ip .  Subsequen t  t o  r e c e i v i n g  t h i s  i n fo r ma t i o n  m o r e  
A me r i c a n - b a s e d  p eo p l e  w i t h  c h i p  d e v e l o p me n t  s k i l l s  w e r e  e mp l o y e d .  
T h i s  p a r t  o f  t h e  t e a m w a s  h e a d e d  b y  F r e d e r i c  H a y e m,  o r i g i na l l y  f r o m  
F r a n c e .  H e  h a d  s e v e r a l  y e a r s  o f  e xp e r i e nc e  w o r k i n g  a t  P h i l i p s  a nd  
had  been  i nvo lved  i n  t he  p roce s s  o f  de s ign ing  a  f u l l  s o l u t i o n  t h a t  
c o u l d  b e  h a n d e d  t o  a  f o u n d r y  t h a t  w o u l d  t h e n  ‘ s p i n ’  o r  ma n u f a c t u r e  
t h e  c h i p .    
 
T h e  f i n a l  s t r a t e g y  d e c i s i o n  w a s  ma d e  t o  d e v e l o p  a  c o - p r o c e s s o r  c h i p  
t h a t  w o u l d  s i t  n e x t  t o  a  c u r r e n t  G SM  c h i p  a n d  ma k e  t h e  G S M  c h i p  
u p g r a d e a b l e  t o  W C D M A .  T h e  c h i p  wo u l d  t h e r e f o r e  b e  ma r k e t e d  a s  a  
WCDMA mode m.  Wi th  t h i s  s t r a t egy  i n  mi nd ,  po t en t i a l  i nves to r s  and  
c l i e n t s  we r e  a p pr oa c h e d .   
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P a r t  o f  t h e  s t r a t e g y  w a s  n o t  t o  d eve lop  t he  RF  f r on t - end  o f  t he  sy s t em 
b u t  t o  b e  c o mpa t i b l e  w i t h  a n y  c o m me r c i a l l y  a v a i l a b l e  R F  s o l u t i o n s .  
A t  t h e  s ame  t i me  I B M  i n  S a n  D ie g o  w e r e  d e v e l o p i n g  a  WC D M A  R F  
s o l u t i on .  I B M  a g r ee d  t o  t e am u p  w i t h  Z y r a y  fo r  t h e  I EE E  mi c r o w a v e  
c o n v e n t i o n  t o  b e  h e l d  i n  S e a t t l e  i n  May  o f  2002 .  Zy ray  wou ld  
d e mo n s t r a t e  t h e i r  F P G A  s o l u t i o n  w or k i n g  w i t h  t h e  I B M  R F  s o l u t i o n  
a t  I B M ’ s  b o o t h  a t  t h e  c o n f e r e n c e .  T h i s  w a s  s e e n  a s  t h e  n e x t  b i g  
d e a d l i ne  fo r  t h e  t e a m a s  i t  i nc luded  a  ba s i c  work ing  WCDM A 
r e c e i v e r .   
 
T h e  s h o w  w a s  s u c c e s s f u l l y  c o mpl e t e d  a n d  f o l l o w i n g  i t  Z y r a y  ma d e  
c o n t a c t  w i t h  I n f i n e o n ,  a  ma j o r  G e r ma n  ch ip  manufac tu r i ng  comp any .  
L a t e r  t h a t  y e a r  a n  a g r e e me n t  w a s  s igned  w i th  a  subs id i a ry  o f  I n f i neon  
ca l l ed  Comneon .  They  de s ign  t he  h i g h e r  l a y e r  s o f t w a r e  f o r  c e l l  
p h o n e s .  T h i s  w a s  a  p e r f e c t  f i t  f o r  Zy ray ’ s  co -p roce s so r  s t r a t egy  a s  
I n f i neon  and  Comneon  had  a l l  t he  pa r t s  o f  a  3 rd  gene ra t i on  ce l l  
p h o n e  e x c e p t  t h e  W C D M A  m o d e m p a r t .  The  co -ope ra t i on  ag reemen t  
s t i p u l a t ed  t h a t  Z yr a y ’ s  S P IN N E R  c h i p ;  a t  t h a t  p o i n t  no t  y e t  r e ad y  fo r  
p roduc t i on ;  had  t o  be  ava i l ab l e  f o r  i n t eg ra t i on  w i th  In f i neon  
ha rdware  and  so f twa re  by  t he  s t a r t  o f  2003 .  A  fo r m f ac t o r  phone  had  
t o  b e  d e m o n s t r a t e d  a t  t h e  a n n u a l  3GSM con fe r ence  i n  Cannes  a t  t he  
e n d  o f  F e b r u a r y .  Th e  c o mp a n y  h a d  3 0  e mp l o y e e s  a t  t h i s  p o i n t .  
 
T h e  f i r s t  S P I N N E R  c h i p ,  ve r s i o n  1 . 0 ,  b e c a me  a v a i l a b l e  a t  t h e  e n d  o f  
2 0 0 2 .  I n t e g r a t i o n  w i t h  n e w  h a r d w a r e  a n d  w i t h  s o f t w a r e  s t a r t e d  e a r l y  
2003  and  a  phone  fo r m f a c to r  boa rd  was  de mons t r a t ed  a t  bo th  t he  
I n f i n e o n  a n d  Z y r a y  b o o t h s  a t  t h e  2 00 3  3 G S M  c o n g r e s s .  T h e  s u c c e s s  
o f  t h e  c o n g r e s s  s t i mu l a t e d  i n t e r e s t  i n  t h e  c o m p a n y  b o t h  f r o m  o t h e r  
v e n t u r e  c a p i t a l  f i r ms  a n d  f r o m p o t e n t i a l  c l i en t s .  A t  t h i s  p o i n t  t h e  
ma r k e t  s t a r t e d  a c c e p t i n g  W C D M A  a s  t he  de - f ac to  s t anda rd  a s  
n e t w o r k s  i n  E u r o p e  a n d  A s i a  s t a r t ed  ope ra t i ng  and  expe r i enc ing  a  
n e e d  f o r  h a n d s e t s .  Z y r a y  s e c u r ed  t he i r  s econd  round  o f  f und ing ,  
headed  by  Mis s ion  Ven tu r e s ,  a f t e r  t he  cong re s s .  Th i s  money  wou ld  
e n a b l e  t h e m t o  e mp l o y  m o r e  p e o p le ,  b u y  m o r e  t e s t  e q u i p me n t  a n d  
f u n d  t h e  ma n u f a c t u r i n g  o f  t h e  n ex t  ve r s i on  o f  t he  SPINNER ch ip .  
 
T h e  f o c u s  o f  Z y r a y  s h i f t e d  a g a i n  a t  t h i s  p o i n t  i n  t i m e .  T h e  t e a m  h a d  
m o v e d  f r o m t r y i n g  t o  s u r v i v e  a n d  p r o v e  t h a t  t h e y  c o u l d  f u n c t i o n a l l y  
a d h e r e  t o  s t a n d a r d s  a n d  g e t  a  c h i p  o u t ,  t o  w o r k i n g  o n  r e a l  n e t wo r k s .  
B e c a u s e  o f  m o u n t i n g  p r e s s u r e  i t  w a s  d e c i d e d  t o  e mp l o y  a  n e w  h e a d  o f  
s y s t e m e n g i n e e r i ng  i n  t he  f o r m o f  M a r k  K e n t .  M i c h i e l ’ s  w o r k - l o a d  
h a d  b e c o me  t o o  m u c h .  M i c h i e l  w o u l d  n o w  ma n a g e  t h e  d e v e l o p me n t  
wh i l e  Mark  wou ld  ma nage  a l l  sy s t e m e n g i n e e r i n g  e f f o r t s .  M a r k ’ s  
p r e v i o u s  e x p e r i e n c e  h e l p e d  Z y r a y  t o  a d v a n c e  t h e i r  d e s i g n  f o r  t h e  n e x t  
ve r s i on  o f  t he  SPINNER ch ip ,  wh ich  h a d  t o  b e  a  f u l l y  f u n c t i o n a l  a n d  
c o m m e r c i a l l y  v i a b l e  s o l u t i on .  
 
I n  May  o f  2003  t he  comp any  s t a r t ed  w i t h  f i e l d  t r i a l s  i n  G e r ma n y .  T h e  
ma i n  r e a s o n  fo r  t h i s ,  a p a r t  f r o m t h e  f a c t  t h a t  t he  c l i e n t  w a s  i n  
G e r ma n y ,  w a s  t h a t  n o  n e t w o r k s  w e r e  a v a i l a b l e  i n  t h e  U n i t e d  S t a t e s .  
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Th i s  s t a r t ed  t o  pu t  a  l o t  o f  s t r a i n  on  t he  eng inee r s  who  we re  
d e v e l o p i n g  s o f t w a r e  f o r  t h e  c h i p  a s  t hey  had  t o  deve lop  new so f twa re  
a n d  c o n d u c t  f i e l d  t r i a l s .  T h e  s o l u t i o n  w a s  t o  e mp l o y  a  F A E  ( f i e l d  
app l i c a t i on  eng inee r ) .  The  FAE wou ld  f i l t e r  any  cus tomer  que r i e s  
f r o m t h e  d e v e l o p m e n t  e n g i ne e r  a n d  on l y  l e t  que s t i o n s  t h a t  h e  co u l d  
n o t  a n s we r  t h r o u gh .  B e c a us e  t h e  de v e l o p me n t  e n g i ne e r s  w e r e  n o t  
i n v o l v e d  a t  t h e  I O T s  t h e  t o o l s  u s e d  t o  c ap tu r e  t e l eme t ry  i n fo rma t ion  
f r o m t h e  s o f t w a r e  o n  t h e  c h i p  a l s o  h a d  t o  i m p r o v e .  T h e  t e l e me t r y  
t o o l s  s u bs e q u e n t l y  b e c a me  a  s e l l i n g  p o i n t  f o r  t h e  c h i p  a s  t h e  h i g h -
s p e e d  s e r i a l  l i n k  c o u l d  b e  u s e d  t o  c a p t u r e  l a r g e  a mo u n t s  o f  d a t a  f o r  
a n a l y s i s .  C l i e n t s  l o o k i n g  a t  t h e  c o mp any  a s  a  po t en t i a l  pa r t ne r  had  t o  
b e  s u r e  t h a t  t h e  c o mp a n y  c o u l d  a l so  de l i ve r  p rope r  suppo r t  f o r  i t s  
p r o d u c t .  A  b u g - t r a c k i n g  d a t a b a s e  w a s  s t a r t e d  s o  t h a t  c l i en t  e r ro r s  
cou ld  be  l ogged  and  ana ly sed  by  t h e  e n g i n e e r s  i n  S a n  D i e g o .   
 
O n e  o f  t h e  c o n t a c t s  ma d e  a t  t he  3 G S M  c o n f e r e n c e ,  B r o a d c o m,  
dec ided  t o  k i ck  o f f  a  deve lopmen t  p r o j e c t  w i t h  Z y r a y  t o  i n t e r f a ce  t h e  
B r o a d c o m G S M  s o l u t i o n  w i t h  Z yr a y ’ s  s o l u t i on  fo r  a  l a p t o p  P C M C I A 
ca rd .  The  l aye r  2  t e am,  who  up  t o  t h i s  po in t  we re  r e spons ib l e  f o r  
c r e a t i n g  a n  i n t e r fa c e  a b s t r a c t i o n  l ay e r  b e t w e e n  t h e  l a y e r  1  s o f t w a r e  
a n d  t h e  c l i e n t  s t a c k ,  t o o k  a  l e a d i n g  r o l e  i n  t h e  d e v e l o p me n t  p r o c e s s  
w i th  Broadcom.   
 
Wi t h  ma r k e t s  o p e n i n g  u p  Z y r a y  h ad  t o  s t r eng then  and  expand  i t s  
ma n a g e m e n t  t e a m.  A  v i c e  p r e s i d e n t  o f  s a l e s  w a s  a p p o i n t e d  f o l l o w e d  
by  a  CFO ( ch i e f  f i nanc i a l  o f f i c e r ) .  U p  u n t i l  t h i s  po i n t  t h e  s a l e s  
pos i t i on  was  a l so  t he  r e spons ib i l i t y  o f  t he  v i ce  p r e s iden t  o f  
ma r k e t i n g  w h i l e  t h e  C F O  p o s i t i on  w a s  c o n t r a c t e d  o u t  a s  a  p a r t - t i me  
j o b .  
 
The  s econd  ha l f  o f  2003  was  t he r e fo re  spen t  p r epa r ing  fo r  t he  r e l ea se  
o f  t he  nex t  ve r s ion  o f  t he  SPINNER ch ip  and  do ing  fu r t he r  f i e l d  
t r i a l s  w i t h  t h e  c u r r e n t  S P I N N E R  c h i p .  T h e  c o mp a n y  n o w  h a d  3 9  
e mp l o y e e s .  A t  t h e  e n d  o f  2 0 0 3 ,  S P I N N E R  c h i p  1 . 1  w a s  s u c c e s s f u l l y  
ma n u f a c t u r e d  a n d  t e s t e d .  T h e  c h i p  w a s  t h e n  i n c o r p o r a t e d  i n  a n  
I n f i n e o n  p r o t o t y p e  p h o n e .  T h i s  c omple t ed  phone ,  i nc lud ing  GSM,  
k e y b o a r d ,  d i s p l a y ,  u s e r  i n t e r f a c e  s of t w a r e  a nd  b l u e t o o t h ,  w a s  t h e n  
d e mo n s t r a t e d  a t  t h e  2 0 0 4  3 G S M  c o n f e r e n c e  i n  F r a n c e .  T h e  p h o n e  
g a r n e r e d  i m me n s e  i n t e r e s t  a t  t he  c o n f e r e n c e .  T h e  p h o n e  w a s  u s e d  o n  
l i v e  n e t wo r k s  i n  G e r ma n y  a n d  I t a l y ,  and  a t  t he  con fe r ence  i t s e l f .  The  
s u b s e q u e n t  t a l k  w a s  o f  i m m i n e n t  o r d e r s  a n d  n o t  j u s t  d e v e l o p me n t  
i n t e r e s t .  Z y r a y  n ow  e n t e r ed  t h e  n ex t  phase  o f  i t s  evo lu t i on .  The  
c o mp a n y  n o w  h a d  t o  f i n i s h  f i e l d  t r i a l s  and  p roduce  t he  f i r s t  ve r s i on  
o f  a  c o m me r c i a l  p r o d u c t .   
 
I n  Apr i l  2004  Broadcom ma de  a  dec i s i on  t o  i nves t i ga t e  t he  
pos s ib i l i t y  o f  a cqu i r i ng  Zy ray .  Zy ray  subsequen t l y  de l ayed  ob t a in ing  
i n v e s t me n t  mo n e y  a n d  w en t  t h r o u gh  a  d u e  d i l i ge n c e  p r o c es s  w i t h  
Broadcom.  In  June  2004  Broadcom ( see  append ix  4  fo r  t he  p r e s s  
r e l e a s e )  a n n o u n c e d  t h a t  i t  w o u l d  a c q u i r e  Z y r a y  f o r  $ 9 6  mi l l i o n .  T h i s  
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w a s  a  h u g e  f e a t h e r  i n  t h e  c a p  o f  e v e r y o n e  i n v o l v e d  i n  t h e  c o mp a n y .  
B r o a d c o m  w o u l d  u s e  Z y r a y ’ s  t e c hn o l o g y  a n d  r e s o u r c e s  t o  e n t e r  t h e  
3 G  ma r k e t .  T h i s  s t r a t e g i c  a c q u i s i t i on  w o u l d  a l l o w  B r o a d c o m t o  e n t e r  
t h e  WC D M A  ma r k e t  i n  2 0 0 5  a n d  t o  con t i nue  u s ing  t he i r  cu r r en t  
G S M / G P R S  s o l u t i o n s .  T h e  r e a l  s t a r t  d a t e  f o r  W C D M A  i s  2 0 0 5  a n d  i f  
a  c o mp a n y  e n t e r e d  t h e  ma r k e t  t o o  l a t e  i t  mi gh t  neve r  be  ab l e  t o  ge t  
i n .  B roadcom ca me  t o  t he  conc lu s ion  t h a t  Z y r a y  h a d  t h e  r i g h t  m i x  o f  
c o mpe t e n t  p e o p l e  a n d  c o r e  t e c h n o l o g i e s  t o  w a r r a n t  s u c h  a  b i g  
i n v e s t me n t .    
 
F r o m  t h e  v e r y  b e g i n n i n g  Z y r a y  h a d  one  o f  3  rou t e s  t o  go .  The  f i r s t  
w a s  t o  r ema i n  p r i v a t e  a n d  on  t h e i r  own  w i t h  s t r a t eg i c  p a r t n e r s .  T h e  
s e c o n d  wa s  t o  g o  p u b l i c ,  h o w e v e r  s ince  t he  i n t e rne t  bubb l e  t h i s  ha s  
p r o v e n  t o  b e  v e r y  d i f f i c u l t .  T h e  t h i r d  w a s  t o  b e  a c q u i r e d  b y  a  l a r g e r  
c o mpa n y  t h a t  p r e fe r a b l y  wa s  a l r e a dy  p u b l i c l y  t r a d e d .  T h e  p e o p l e  i n  
t h e  c o mp a n y  s a w  t h e  a c q u i s i t i o n  a s  a n  a c k n o w l e d g e me n t  o f  t h e i r  
w o r k  e t h i c ,  c o mpe t e n c e  a n d  a b i l i t i e s .   
 
5 .2 .2 .  T r a c k i n g  o r g a n i s a t i o n a l  c ha n g e s  
 
When  the  compa ny  o r i g ina l l y  s t a r t ed  i n  Sou th  Af r i c a  a  f l a t  
o r g a n i s a t i o n a l  s t r u c t u r e  w a s  u s e d .  Pe op l e  we r e  o r gan i s ed  i n to  
d i f f e r e n t  g r o u p s  b a s e d  o n  t h e  w o r k  t h e y  w e r e  d o i n g ,  h o w e v e r  n o b o d y  
was  g iven  power  t o  de t e rmine  t a sk s  o r  a s s i gn  w o r k  ex c e p t  Mic h i e l .  
Lou i s ,  Lu i s  and  S imon  we re  t a sked  w i th  t r a ck ing  p ro j ec t  p rog re s s .  
M o s t  me e t i n g s  we r e  o v e r c r o w d e d  w i t h  l o t s  o f  p e o p l e  i n v o l v e d .  A s  
mos t  o f  t he  peop l e  h i r ed  by  t he  company  had  done  s i gn i f i c an t  
d e v e l o p m e n t  w o r k ,  e x p e r i e nc e  a n d  s k i l l s  l e a r ne d  w e r e  a p p l i e d  t o  t h e  
p r o b l e m a t  h a n d .  A t  t h i s  p o i n t  t h e  o rgan i s a t i on  was  s e t  up  t o  deve lop  
a  p h o n e .  T h e  ma j o r  c o mp o n e n t s  w e r e  t h e  h a r d w a r e  t h a t  w o u l d  d o  a l l  
t h e  b i t  l e v e l  p r o c e s s i n g .  A  s y s t e m t e a m  d e v e l o p e d  mo d e l s  i n  M a t l a b  
a n d  t h e  h a r d w a r e  t e a m i mp l e me n t e d  t he  m o d e l s  i n  F P G A .  T h e  
f i r m w a r e  t e a m d e v e l o p e d  t h e  c o n t r o l  s o f t w a r e  t h a t  w o u l d  s e t  u p  t h e  
ha rdware  i n  t he  FPGA.   
 
T h e  s o f t w a r e  t e a m  w o u l d  h a v e  t o  deve lop  t he  fu l l  WC DM A s t ack ,  
l a y e r s  2  a n d  3 .  T h i s  t e a m w a s  c o mpromi sed  o f  a  number  o f  peop l e  
who  had  p r ev ious ly  deve loped  s t a ck  s o f t w a r e  f o r  l a n d  l i n e  t e l e p h o n e s  
and  exchanges .  The  t oo l s  u sed  by  t h i s  g roup  we re  SDL l anguage  
c o mp i l e r s .  S D L  i s  a  h i g h  l e v e l  l anguage  u sed  t o  wr i t e  p ro toco l  
s o f t w a r e .   
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Figure 8: Initial company structure in 2000 
 
 
T h e  u s e r  i n t e r f a c e  w o u l d  b e  d e v e loped  on  a  JAVA v i r t ua l  mach ine  
t h a t  h a d  t o  b e  a d a p t e d  t o  w o r k  o n  t h e  h a r d w a r e  t o  b e  u s e d .  
 
A  dec i s i on  was  ma de  t o  u se  ARM so f twa re  and  p roce s so r s  a s  ARM 
p roces so r s  we re  u sed  i n  mos t  c e l l  p h on e s  a t  t h e  t i me .  
 
I a n  w a s  t a s k e d  w i t h  d e v e l o p i n g  t e s t  so f twa re  so  t ha t  t he  va r i ous  pa r t s  
o f  t h e  p r o t o c o l  s t a c k  c o u l d  b e  t e s t e d  a g a i ns t  a v a i l a b l e  t e s t  c a s e s .  
T T C N  t o o l s  w e r e  u s e d  t o  deve lop  t he se  t e s t s .  
 
A l l  t h e s e  t o o l s  c r e a t e d  a  s t r a i n  o n  t h e  c o mp a n y ’ s  c a sh  f l o w  a s  t h e y  
w e r e  a l l  e x p e n s i v e .  
 
T h e  n e t w o r k  a n d  P C  s u p p o r t  w a s  h a n d l e d  b y  o n e  p e r s o n  w i t h i n  t h e  
c o mp a n y .  S e c r e t a r i a l  s e r v i c e s  w e r e  p rov ided  by  t he  g roup  who  l e a sed  
o f f i c e  s p a c e  t o  Ro n i n .  T h e  n e t w o r k  u s e d  w a s  r u n  o n  a  Wi n d o w s  N T  
s e r v e r  w i t h  Wi n d o w s  f i l e  s h a r i n g .  Th i s  e n a b l e d  e v e r y o n e  t o  s h a r e  
i n f o r ma t i o n  a n d  h a v e  p e r s o n a l  s p a c e  o n  t h e  s e r v e r  a s  t h e  s e r v e r  w a s  
b a c k e d  u p  p e r i o d i c a l l y .  T h e  M i c roso f t  Of f i c e  su i t e  o f  p roduc t s  was  
u sed  fo r  p ro j ec t  p l ann ing ,  docume n t a t i o n  a n d  p r e s e n t a t i o n s .  T h e  
s h a r e w a r e  s o f t w a r e  v e r s i on  c o n t r o l  s y s t e m C V S  w a s  u s e d  a s  t h e  
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company’ s  ve r s i on  con t ro l  sy s t em.  I t  r an  on  a  L inux  s e rve r  bu t  
e v e r y o n e ’ s  d e s k t op  P C  h a d  a  Wi n d o w s  i n t e r fa c e  t o  i t .   
 
As  p r ev ious ly  no t ed ,  when  t he  co m p a n y  mov e d  t o  t h e  U n i t e d  S t a t e s  
t h e  ma n a g e me n t  t e a m w a s  e x p a n d e d .  T h i s  ma n a g e me n t  t e a m i n c l u d e d  
a  CEO and  a  v i ce  p r e s iden t  o f  ma rke t i ng .  An  o f f i c e  ma nage r  was  a l so  
h i r e d  t o  h a n d l e  a l l  t a s k s  f r o m h u ma n  r e s o u r c e s  t o  b u y i n g  o f f i c e  
s u p p l i e s .  T h e  n e t w o r k  ma i n t e n a n c e  f r o m t h i s  p o i n t  o n w a r d s  w a s  
h a n d l e d  b y  e x t e r n a l  c o mpa n i e s .  T h e  c o mpa n y  h i r e d  t o  ma i n t a i n  t h e  
n e t w o r k  c h a n g e d  o v e r  t i me  b u t  n o  p e r ma n e n t  p e r s o n n e l  w e r e  
a p p o i n t e d  t o  p e r f o r m t h i s  fu n c t i o n .  T h e  c o mp a ny  a l s o  b o u g h t  
c o mp a n y - w i d e  me d i c a l  i n su r a n c e .  I n  S o u t h  A f r i c a  t h i s  w a s  t he  
i n d i v i d u a l ’ s  r e s p o n s i b i l i t y .  I n  t h e  U n i t e d  S t a t e s ,  h o w e v e r ,  t h e  S o u t h  
A f r i c a n s  h a d  n o t  y e t  d e v e l op e d  c r e d i t - w o r t h i ne s s  a n d  t h e r e f o r e  h a d  t o  
b e  b a c k e d  b y  t h e  c o mpa n y .   
 
 

 
Figure 9: Initial USA company structure 

 
A  new p roduc t  r oad  ma p  wa s  c r ea t ed  f o r  t h e  c o mpa n y  a f t e r  b r i ng ing  
t he  new  CEO and  VP  o f  ma rke t i ng  on  boa rd .  The  comp any  now had  a t  
l e a s t  t h r e e  p e o p l e  who  we re  p r ima r i l y  f ocused  on  ma rke t  ana ly s i s  and  
c l i en t  and  i nves to r  r e l a t i ons .  They  w e r e :  M i k e – t h e  VP  o f  ma r k e t i n g ,  
Werne r– the  CEO and  La r i s s a–who  mo v e d  f r o m t h e  i n v e s t me n t  f i r m 
tha t  backed  Ron in  t o  Zy ray .  
  
T h e  mos t  i mp o r t a n t  d e c i s i on  t o  c o m e  o u t  o f  t h e  ma r k e t  a n a l y s i s  w a s  
t h a t  t h e  c o mpa n y  w o u l d  n o t  d e v e l op  any  pa r t  o f  t he  WCDMA produc t  
c o m m e r c i a l l y  e x c e p t  l a y e r  1  o r  t he  p h y s i c a l  l a y e r .  Peop l e  i nvo lved  
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w i t h  fu n c t i o n s  o t h e r  t h a n  l a y e r  1  d e v e l o p me n t  w e r e  mo v e d  t o  
d i f f e r e n t  a r e a s .  S o me  w e n t  t o  l a y e r  1  d e v e l o p m e n t ,  s o me  t o  
ma r k e t i n g ,  a n d  o t h e r s  w e r e  t a s k e d  w i t h  b u i l d i n g  s o f t w a r e  f o r  a  t e s t  
l a y e r  2  a n d  b a s e  s t a t i o n  s o  t h a t  t h e  l a y e r  1  c o u l d  b e  p r o p e r l y  t e s t e d .   
 
I n i t i a l l y  i t  w a s  t h o u g h t  t h a t  Z y r a y  w o u l d  b e  a b l e  t o  s e l l  i n t e l l e c t u a l  
p rope r ty  ( IP )  t o  some one  who  ma de  a  WCDMA mode m ch ip .  I t  
h o w e v e r  b e c a me  e v i d e n t  f r o m ma r k e t  a n a l ys i s  t h a t  Z y r a y  w o u l d  h a v e  
t o  c r e a t e  a  c h i p  t o  g a i n  t r u s t  f r o m t h e  ma r k e t .  T o  me e t  t h i s  c ha l l e n g e  
a  d i r e c t o r  o f  A S I C  d e v e l o p me n t  w a s  e m p l o y e d .  T h e  h a r d w a r e  
d e v e l o p m e n t  t e a m w a s  e x p a n d e d  t o  i nc lude  peop l e  we l l  ve r s ed  i n  t he  
p r o c e s s  o f  d e s i g n i n g  c o m m e r c i a l  c h ip s .  I n  Ca l i f o rn i a ,  un l i ke  Sou th  
Af r i c a ,  a  huge  poo l  o f  t a l en t  ex i s t ed  i n  t h i s  f i e l d .  The  advan t age  
o f f e r e d  b y  b e i n g  i n  t h e  U n i t e d  S t a t e s  b e c a me  v e r y  e v i d e n t  a t  t h i s  
po in t .  F i r s t l y ,  a  phys i ca l  add re s s  i n  Ca l i f o rn i a  c r ea t ed  c r ed ib i l i t y  
t h a t  a n  a d d r e s s  i n  S o u t h  A f r i c a  wou ld  neve r  be  ab l e  t o  command .  
S e c o n d l y ,  t h e  n e c e s s a r y  p e o p l e  a n d  ch ip  f ab r i ca t i on  knowledge  we re  
r e a d i l y  a v a i l a b l e  w h i l e  t h e y  w o u l d  h av e  b e e n  mu c h  m o r e  d i f f i c u l t  t o  
c o me  b y  i n  S o u t h  A f r i c a .   
 
The  comp any  had  now,  a f t e r  be ing  i n  ex i s t ence  fo r  a  yea r ,  ga ined  t he  
f o c u s  n e c e s s a r y  t o  h a v e  a  c h a n c e  t o  b e  s u c c e s s f u l .  T h e  d e c i s i o n s  
ma d e  a t  t h i s  p o i n t  w e r e  o f  e x t r e me  i m p o r t a n c e  a s  t h e  d i r e c t i o n  o f  t h e  
c o mpa n y  fo r  t h e  n e x t  f e w  y e a r s  w a s  s e t .  U p  u n t i l  n o w  t h e  t e s t i ng  o f  
t h e  l a y e r  1  h a d  b e e n  d o n e  w i t h  i n t e r na l  t e s t  beds .  The  company  had  t o  
b u y  e x t e r n a l  t e s t  e q u i p me n t  a g a i n s t  w h i c h  t o  t e s t  t h e  mo d e m .  T h i s  
r e q u i r e d  s u b s t a n t i a l  c a p i t a l  o u t l a y s .  T h e  mos t  c r i t i c a l  e f f e c t  i t  h a d ,  
h o w e v e r ,  w a s  t h a t  t h e  e ng i n e e r s  h a d  t o  be  s u r e  t h a t  t he y  w e r e  
me e t i n g  t h e  r e q u i r e me n t s  a s  s e t  o u t  b y  t h e  3 GP P  g r o u p .  T h e  c o m p a n y  
i n v e s t e d  i n  a  s y s t e m t h a t  w o u l d  a l l o w  t h e m  t o  t r a c e  t h e  s y s t e m  
e n g i n e e r i n g  r e q u i r e me n t s  b a c k  t o  t h e  r e q u i r e me n t s  i n  t h e  3 G P P  
spec i f i c a t i ons .  The  p roduc t  u sed  fo r  t h i s  was  ca l l ed  DOORS.  Th i s  
p r o g r a m r e q u i r e d  t h a t  a l l  3 G P P  s p e c i f i c a t i o n s  b e  p l a c e d  i n  D O O R S  
a n d  e v e r y  r e q u i r e me n t  i n  t h e  s pec i f i c a t i on  had  t o  be  g iven  a  
r e q u i r e m e n t  n u mb e r .  T h e  s y s t e m e n g i n e e r i n g  a n d  d e s i g n  d o c u me n t  
a l s o  h a d  t o  b e  p l a c e d  i n  D O O R S .  T h i s  a l l o w e d  t r a c e a b i l i t y  a l l  t h e  
way  f rom 3GPP  spec i f i c a t i ons  r i gh t  up  t o  t he  de s ign  o f  t he  mode m.   
 
I n  t h e o r y  t h i s  s e e me d  l i k e  a  g o o d  i d e a .  I n  p r a c t i s e  h o w e v e r ,  i t  p r o v e d  
t o  be  a  f l awed  sy s t em.  The  b igges t  c o n t r i b u t i n g  f a c to r  w a s  t he  f a c t  
t h a t  t he  e n g i n e e r s  d i d  n o t  w a n t  t o  a c c e p t  w r i t i n g  do c u me n t s  i n  a  
f o r ma t  o t h e r  t h a n  M i c r o s o f t  Wo r d .  N o  a mo u n t  o f  p l e a d i n g  o r  
c o n v i n c i ng  c o u l d  ge t  t h e m t o  a c c e p t  t h i s .  T h e y  d i d  n o t  a g r e e  w i t h  t h e  
n o t i o n  t h a t  i t  w a s  a  g o o d  i d e a .  T h e  s e c o n d  p r o b l e m w a s  t h a t  t he  
s p e c i f i c a t i o n s  w e r e  u p d a t e d  o f t e n .  A  pe r son  had  t o  be  emp loyed  fu l l -
t i me  t o  c h a n g e  t h e  3 G P P  W o r d  d o c u me n t s  i n t o  D O O R S  d o c u me n t s .  
A l l  o f  t h e s e  b a r r i e r s  l e a d  t o  t he  a b a n d o n me n t  o f  t h i s  p r o c e s s  a f t e r  
t r y i n g  t o  ma k e  i t  w o r k  f o r  l on g e r  t h a n  a  y e a r .  
 
T h e  c o mp a n y  a l s o  h a d  t o  s t a r t  f o r ma l i s i n g  t h e  d e s i g n  p r o c e s s .  Sy s t e m  
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e n g i n e e r i n g ,  t e s t  a n d  d e s i g n  d o c u me n t s  h a d  t o  b e  w r i t t e n  a n d  
r e v i e w e d  a t  l o g i c a l  p o i n t s  i n  t h e  d es i g n  c y c l e .  F o r  a  t y p i c a l  p i ec e  o f  
h a r d w a r e  t h e  f o l l o w i n g  p r o c e d u r e  w o u l d  b e  f o l l o w e d :  t h e  s y s t e m 
e n g i n e e r  w o u l d  d e s i g n  t h e  s o l u t i o n ,  s i mu l a t e  i t  a n d  p r e s e n t  t h e  
f i n d i n g s  t o  t h e  h a r d w a r e  d e s i g n e r ,  t h e  s o f t w a r e  d e s i g n e r  a n d  t h e  V P  
o f  E n g i n e e r i n g  f o r  r e v i e w ;  u p o n  a c c e p t a n c e  o f  t h e  d e s i gn ,  t h e  
deve lopmen t  wou ld  sp l i t  i n to  pa r a l l e l  p roce s se s .  On  t he  one  hand  t he  
s y s t e ms  t e a m w o u l d  f u r t h e r  t e s t  t he  de s ign  and  gene ra t e  t e s t  vec to r s  
wh i l e  t he  de s ign  t e am wou l d  have  a  k i c k - o f f  me e t i n g  w h e r e  a l l  t he  
r equ i r emen t s  wou ld  be  ana ly sed ;  t he  i n t e g ra t i o n  l ead  w o u l d  t h e n  
g e n e r a t e  a  p r o j e c t  s c h e d u l e .   
 
The  nex t  s t ep  was  fo r  t he  ha rdware  d e s i g ne r s  t o  w r i t e  t h e  h a rdw a r e  
code .  Upon  compl e t i on  o f  t he  code  t he  de s ign  wou ld  be  r ev i ewed  and  
t h e n  p l a c e d  i n  a n  F P G A  w h e r e  t h e  s o f t w a r e  e n g i n e e r  w i t h  t h e  t e s t  
c a s e  d e s i g n e r  w o u l d  s t a r t  t e s t i n g  a nd  v e r i f y i n g  t h e  h a r d w a r e  d e s i g n .  
T h e  a c t u a l  h a r d wa r e  r e s u l t  w o u l d  t he n  b e  c o mp a r e d  w i t h  t h e  r e s u l t s  
o b t a i n e d  i n  s i mu l a t i o n  w i t h  t e s t  v ec t o r s .  A t  t h e  e n d  o f  t h e  t e s t i ng  
p roce s s  when  a l l  t e s t s  pa s sed ,  a  f i n a l  r e v i e w  w o u l d  b e  h e l d .  T h i s  
p r o c e s s  w a s  f o l l o w e d  i n  o r d e r  t o  d es i g n  a n d  i mp l e me n t  a l l  t h e  ma j o r  
h a r d w a r e  b l o c k s .  T h e  s o f t w a r e  u s e d  a t  t h i s  p o i n t  c a n  b e  v i e w e d  a s  
d r i v e r s  a s  i t  w a s  n o t  i mp l e m e n t e d  a s  a  t o t a l  s o l u t i o n  ye t .   
 
A t  t h e  p o i n t  w h e r e  t h e  b l o c k s  w e r e  i n t e g r a t e d  t o  fo r m a l l  t he  p a r t s  o f  
t h e  WC D M A  mod e m s o me  n e w  r e q u i r e me n t s  c a me  u p .  C o m me r c i a l  
h a r d w a r e  d e v e l o p me n t  p l a t f o r ms  d i d  n o t  s a t i s fy  a l l  t h e  r e q u i r e me n t s .  
A d d i t i o na l  p e o p l e  w e r e  t h e r e fo r e  e mp l o y e d  t o  d e s i g n  c u s t o m  
h a r d w a r e  d e v e l o p me n t  p l a t f o r ms .  I t  a l s o  b e c a me  e v i d e n t  t h a t  t he  c h i p  
h a d  t o  b e  i n t e g r a t e d  w i t h  d i f f e r e n t  R F  c h i p  s e t s .  Z y r a y  h a d  t o  p r o v e  
t h a t  t h e  m o d e m w o r k e d  w i t h  d i f f e r en t  R F  c h i p  s e t  s o l u t i o n s .  T h e s e  
two  ha rdware  de s ign  eng inee r s  became  an  i n t eg ra l  pa r t  o f  i n t eg ra t i ng  
t h e  Z y r ay  s o l u t i on  w i t h  t h e  h a r d w a r e  p l a t fo rms  a n d  R F  c h i p  s e t s  o f  
p o t e n t i a l  p a r t n e r s  a n d  c u s t o me r s .  Z y r a y  n o w  p r o d u c e d  v a r i o u s  
h a r d w a r e  p l a t f o r ms  s o  t h a t  p a r t ne r s  and  cus tomer s  cou ld  i n t eg ra t e  
t h e i r  d e v e l o p me n t  p l a t f o r ms  w i t h  Z y r a y ’ s .   
 
One  o f  t he  b igges t  chan g es  a t  t h i s  t i me  w a s  t h a t  t he  L 1  f i rmw a r e  
t e am took  on  t he  r e spons ib i l i t y  o f  be ing  i n  cha rge  o f  t he  t o t a l  
i n t e g r a t i on  p r o c e s s  a n d  n o t  j u s t  fo r  w r i t i n g  t h e  f i r m w a r e .  A s  t h e  
f i r m w a r e  w a s  t h e  l a s t  t a sk  t o  b e  pe r fo rme d ,  t he  f i rmware  eng inee r  
w a s  c h a rg e d  w i t h  l e a d i n g  t h e  i n t e g r a t i o n  p r o c e s s .  T h e  f i r m w a r e  
eng inee r  had  t o  ma ke  su r e  t ha t  a l l  h a r d w a r e ,  p l a t f o r ms ,  t e s t  
e q u i p me n t  a n d  t e s t  v e c t o r s  w e r e  a v a i l a b l e  fo r  i n t e g r a t i on  t e s t i n g .  T h e  
c o mp a n y  s t r u c t u r e  a t  t h i s  p o i n t  i n  t i me  i s  s h o w n  i n  f i g u r e  1 0 .  T h i s  
p r o v e d  t o  b e  a  h i g h l y  e f f e c t i v e  s t r a t e g y  a s  o n l y  o n e  p o i n t  o f  
r e s p o n s i b i l i t y  e x i s t e d .   
 
Wi t h  a l l  t h e  b l o c ks  i n t e g ra t e d  a n d  t e s t e d  t h e  c h i p  d e s i g n  w a s  r e a d y  
fo r  ma n u fa c t u r i n g .  I n  p a r a l l e l  w i t h  t h e  t e s t i n g  o f  t h e  h a r dw a r e  
f u n c t i o n a l i t y  t h e  A S I C  p e o p l e  w e r e  w o r k i ng  w i t h  a  c h i p  f o u n d r y  t o  
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des ign  t he  ch ip  fo r  ma nu fa c tu r i ng .  Af t e r  a l l  t e s t  v e c t o r s  p a s s e d  t h e  
d e s i g n  wa s  f r o z e n  a n d  g i v e n  t o  t he  ch ip  found ry  fo r  p roduc t i on .  The  
f i r s t  s a mp l e s  w e r e  d e l i v e r e d  a t  t h e  e n d  o f  2 0 0 2 .   
 
 

 

Figure 10: Chip design company structure 
 
T h e  n e x t  p h a s e  o f  t h e  d e v e l o p me n t  p r o c e s s  w a s  n o w  e n t e r e d .  T h e  
ch ip  had  t o  be  i n t eg ra t ed  on  phone  fo rm  f ac to r  ha rdware .  The  
h a r d w a r e  w a s  t h en  t e s t e d  a g a i n s t  ba s e  s t a t i on  t e s t  e qu i p me n t .  C l o s e  
i n t e g r a t i on  w i t h  Z y r a y ’ s  p a r t n e r s h i p  c o mp a n y ,  C o mn e o n ,  a n  a f f i l i a t e  
o f  I n f i ne on ,  now s t a r t ed .  The  f i r mwa r e  t e a m’ s  w o r k l o a d  s e e me d  t o  
d o u b l e  a t  t h i s  p o i n t  a s  t h e y  h a d  t o  u p g r a d e  f u n c t i o n a l i t y  o n  t h e  
c u r r e n t  S P I N N E R  c h i p  w h i l e  a t  t h e  s a me  t i m e  w o r k i n g  o n  t h e  n e x t  
r e l e a s e  o f  t h e  c h i p .  C u s t ome r  su p p o r t  i n v o l v e d  t r a v e l l i n g  t o  me e t  
w i th  t he  cus tomer  i n  Eu rope .  Obv ious ly  wi th  p r e s su re  f rom the  
c u s t o me r  b e i n g  m o r e  c r i t i c a l  t h a n  i n t e r n a l  d e a d l i ne s  s o me  s c h e d u l e s  
s t a r t e d  t o  s l i p .  T h e  c u s t o me r  s t a r t e d  w o r k i n g  w i t h  n e t w o r k  i n t e r -
ope rab i l i t y  t e s t i ng  ( IOT)  on  va r i ous  c e l l  p h o n e  n e t w o r k s  i n  E u r o p e  
and  As i a .  I t  b ecame  ev iden t  t ha t  a  so lu t i on  had  t o  be  found  fo r  t he  
n e w  d e v e l o p me n t  n e e d s .   
 
I t  w a s  f i n a l l y  d e c i d e d  t o  e m p l o y  a  f i e l d  a p p l i c a t i o ns  e n g i n e e r  ( F A E ) .  
Th i s  pe r son  wou ld  be  r e spons ib l e  f o r  f i r s t  l e v e l  c us t o me r  s u pp o r t ;  
h e / s h e  w o u l d  f i l t e r  a l l  s u p p o r t  r e q u e s t s  s o  t h a t  t h e  f i r m w a r e  
eng inee r s  wou ld  no t  be  i nunda t ed  w i th  suppo r t  r eques t s .  The  FAE 
w o u l d  a l so  b e  t h e  r e p r e se n t a t i v e  a t  IOTs .  F i rmware  eng inee r s  wou ld  
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o n l y  a t t e n d  a n  I O T  i f  p r o b l e ms  e x i s t ed  t ha t  t he  FAE cou ld  no t  so lve .   
 
A t  t h e  r e l e a s e  o f  t h e  n e x t  ve r s i o n  o f  t h e  S P I N N E R  c h i p  t h i s  p r o c e s s  
was  i n  f u l l  ope ra t i on .  A t  t h i s  po in t  Zy ray  on ly  had  one  cus tomer  and  
pa r t ne r .  A t  t he  beg inn ing  o f  2004  howe v e r ,  t h e  ma r k e t  c h a n g e d  q u i t e  
d r a s t i c a l l y  i n  f avou r  o f  adop t ing  WC DMA as  a  number  o f  ne tworks  
wen t  i n to  ope ra t i on  ac ro s s  Eu rope .  The  dema nd  fo r  Zy ray ’ s  
t e c h n o l o g y  i n c r e a s e d  d r a ma t i c a l l y .  Ne w  c u s t o me r s  a n d  p a r t n e r s  w e r e  
s i g n e d  u p .  A s  n e w  p a r t n e r s  a p p e a r ed  f i rmware  eng inee r s  we re  
a s s i g n e d  t o  t h e  p a r t n e r  a n d  n e w  F A E s  w e r e  a p p o i n t e d .  
 
T h e  f i r mw a r e  e n g i n e e r s ’  r e s p o n s i b i l i t i e s  s h i f t e d  s l i g h t l y  a w a y  f r o m 
s y s t e m e n g i n e e r i n g  a n d  m o r e  t o  i n t e g r a t i ng  w i t h  p a r t n e r s .  T h e  
c u s t o me r  s t r u c t u r e  c a n  b e  s e e n  b e l o w .  
 
 
 

 
Figure 11: Company structure with partners included 

 
 
 
5 .2 .3 .  R e s e a r c h  q u e s t i o ns  f eedback  d i s cus s ion  
 
T h e  s u r v e y  q u e s t i o n s  t h a t  w e r e  d i s cus sed  p r ev ious ly  we re  g iven  t o  
v a r i o u s  p e o p l e  i n  Z y r a y .  P e o p l e  w e r e  chosen  i n  such  a  way  a s  t o  
r e f l e c t  a  w i d e  r a n g e  o f  d i s c i p l i n e s .  S t a r t i ng  a t  t he  t op ,  Werne r  
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S i e v e r s  t h e  C E O  o f  Z y r a y  w a s  i n t e r v i e we d .  We r n e r  j o i ne d  t h e  
c o mpa n y  e a r l y  i n  2 0 0 2  j u s t  a s  t h e  c o mp a n y  g o t  s t a r t e d  i n  t h e  U S A .  
Werne r ’ s  knowledge  o f  t he  ea r l y  days  o f  t he  company  was  ga ined  
m o s t l y  t h r o u g h  h e a r s a y  b u t  h e  w a s  i n t i ma t e l y  i n v o l v e d  i n  f o r mu l a t i n g  
t h e  c o mp a n y  r o a d ma p  a n d  t h e r e f o r e  h a d  k n o w l e d g e  o f  e a r l y  mi s t a k e s .  
 
N e x t  i n  l i n e ,  a s  v i c e  p r e s i d e n t  o f  en g i n e e r i ng ,  w a s  M i c h i e l  L ö t t e r .  
M i c h i e l  i s  a l s o  o n e  o f  t h e  f o u n d e r s  o f  t h e  c o m p a n y .  H i s  k n o w l e d g e  
t h e r e f o r e  s p a n s  t h e  e n t i r e  l i f e - t i me  o f  t he  company .  I t  a l so  spans  a l l  
t h e  f u n c t i o n s  w i t h i n  t h e  c o m p a n y .  M i c h i e l ’ s  r o l e  c h a n g e d  o v e r  t i me  
f r o m h i s  i n i t i a l l y  b e i n g  r e s p o n s i b l e  f o r  s y s t e m e n g i n e e r i n g ,  
e n g i n e e r i n g  d e v e l o p me n t  a n d  s u p p o r t i n g  ma r k e t i n g  To  h i s  b e c o mi n g  
t he  head  o f  eng inee r ing  o f  Zy ray .  The  sy s t em eng inee r ing  
r e s p o n s i b i l i t y  w a s  t a k e n  o v e r  b y  M a r k  K e n t .  
 
F o l l o w i ng  M i c h i e l  w a s  t h e  v i c e  p r e s i de n t  o f  m a r k e t i n g  M i k e  C i v i e l l o .  
Mike  j o ined  Zy ray  i n  May  2002  f rom Moto ro l a .  As  was  t he  ca se  w i th  
W e r n e r ,  M i k e  h e l p e d  s h a p e  t h e  p r o d u c t  s t r a t e g y  o f  Z y r a y .  M i k e ’ s  
k n o w l e d g e  t h e r e fo r e  a l s o  i n c o r po r a t e d  t h e  s t a t e  o f  a f f a i r s  
expe r i enced  wh i l e  Zy ray  wa s  s t i l l  i n  S o u t h  A f r i c a .  
 
F r e d e r i c  H a y e m w a s  e mp l o y e d  a s  t he  d i r e c t o r  o f  A S I C  d e v e l o p me n t .  
A f t e r  i n i t i a l  i n v es t i g a t i o n s  i n t o  t he  ma r k e t  b y  We r n e r  a n d  M i k e  t he  
d e c i s i o n  w a s  ma d e  t o  p r o d u c e  a n  A SI C .  T h e  A S I C  a c r ony m s t a n d s  f o r  
a p p l i ca t i o n  s p e c i f i c  i n t eg r a t e d  c i r c u i t .  F r e d e r i c ’ s  t a s k  w o u l d  
t h e r e fo r e  b e  t o  l ea d  t h e  t ea m t h a t  wou ld  de s ign  an  ASIC  so  t ha t  a  
f o u n d r y  l i k e  P h i l i p s  s e mi c o n d u c t o r s  c o u l d  u s e  t h e  i n p u t  t o  p r o d u c e  a  
phys i ca l  dev i ce .  F r ede r i c  s t a r t ed  work  w i th  Zy ray  i n  t he  t h i rd  qua r t e r  
o f  2 0 0 2  a f t e r  l e a v i n g  P h i l i p s  s e mi c o n d u c t o r s .  
 
L u i s  V a z  s t a r t e d  w i t h  Z y r a y  i n  S o u t h  A f r i c a .  In i t i a l l y  Lu i s  w a s  h i r ed  
t o  ma nage  t he  s t a ck  deve lopmen t  t e am.  When  t he  dec i s i on  was  ma de  
t o  u s e  a  t h i r d  p a r t y  s t a c k  L u i s ’  r o l e  changed  f rom manag ing  t o  
l e a d i n g  t h e  t e a m i n  d e s i g n i n g  t he  i n t e r f a c e  s o f t w a r e  b e t w e e n  t h e  
Z y r a y  p h y s i c a l  l a y e r  s o f t w a r e  a n d  t h e  p r o t o c o l  s t a c k .  Lu i s ’  t e a m w a s  
a l s o  r e s po n s i b l e  fo r  t h e  po r t i n g  o f  s o f t w a r e  t o  v a r i o u s  h a r dw a r e  
p l a t f o r ms  a n d  f o r  s u p p o r t i n g  t h e  i n t e r n a l  Z y r a y  s t a c k  u s e d  f o r  b a s i c  
con fo r ma nce  t e s t i ng .  
 
B i l l  S i epe r t  ca m e  t o  Z yr a y  w i t h  a n  i mp e c c a b l e  r e p u t a t i on  f o r  
d e s i g n i n g  h a r d w a r e  p l a t fo r ms .  B i l l ’ s  r e spons ib i l i t i e s  i n i t i a l l y  
i n c l u d e d  t h e  p r o d u c t i o n  o f  h a r d w a r e  t e s t  p l a t fo r ms  u s e d  t o  t e s t  t h e  
c h i p  d e s ig n  b e fo r e  i t  w a s  g i v e n  t o  P h i l i p s  t o  p r o du c e ,  a n d  A S I C  
d e v e l o p m e n t .  L a t e r ,  B i l l ’ s  r e spons ib i l i t i e s  a l so  i nc luded  ma nag ing  
t he  peop l e  r e spons ib l e  f o r  t he  c r ea t i o n  o f  s u p p o r t  a n d  t e s t  e q u i p me n t ,  
a n d  s o f t w a r e  f o r  t h e  S P I N N E R  c h i p .  
G a v i n  S t o n e  w a s  i n i t i a l l y  e m p l o y e d  wi t h  Z y r a y  i n  S o u t h  A f r i c a  t o  d o  
d e v e l o p m e n t  o n  t h e  p h o n e  a p p l i c a t i o n  l e v e l .  W h e n  Z y r a y  c h a n g e d  i t s  
p r o d u c t  r o a d ma p  t o  e x c l u d e  a l l  c o m me r c i a l  d e v e l o p me n t  o u t s i d e  t h e  
p h y s i c a l  l a y e r  G a v i n ’ s  j o b  d e s c r i p t i on  c h a n g e d  t o  ma r k e t i n g  ma n a g e r .  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  KKooeekkeemmooeerr,,  PP    ((22000055))  



 87

G a v i n  i s  r e s p o n s i b l e  f o r  ma r k e t  r e s e a r c h ,  ma r k e t i n g  a n d  c o m p a n y  
b r and ing .  
 
I n  t h i s  c h a p t e r  t h e  e xp l a n a t i ons  fo r  an swer s  g iven  by  t he  
i n t e r v i e we e s  t o  t he  v a r i o u s  q u e s t i o ns  i n  t h e  s u r v e y  a r e  p r e s e n t ed .  I n  
s o me  c a s e s  t h e  s c o r e s  g i v e n  t o  a  s p e c i f i c  q ue s t i o n  a r e  s i g n i f i c a n t l y  
d i f f e r e n t .  T h i s  c o u l d  b e  d u e  t o  a  d i f f e r e n t  i n t e r p r e t a t i o n  o f  t h e  
q u e s t i o n  a s  t h e  f u n c t i o n  t h e  p a r t i c u l a r  i n t e r v i e w e e  i s  a  p a r t  o f  ma y  
h a v e  i mp l e me n t e d  t h e  s p e c i f i c  b e s t  p r a c t i s e  w h i l e  t h e  b e s t  p r ac t i se  
ma y  n e v e r  h a v e  i mp l e me n t e d  i n  a  d i f f e r e n t  f u n c t i o n .  
 
 
5 .2 .3 .1 .  C o n t i n u o u s  q u a l i t y  i m p r o v e m e n t  
 
Were /a re  new  produc t s  i n t r oduced  b e f o r e  t h e  c o m p e t i t i o n ’ s ?  
 
Mike ,  We rne r  and  Gav in  a l l  r ep l i ed  t ha t  Zy ray  i s  mi dd l e  o f  t he  road  
w i th  r ega rd  t o  t h i s  ques t i on  a s  Zy ray  i n t roduced  i t s  p roduc t s  be fo r e  
s o me  o f  i t s  c om p e t i t o r s  w h i l e  t h e  b i g  c o mpe t i t o r s  l i k e  N o k i a ,  
Qua l comm and  Sony -Er i c s son  amongs t  o t h e r s  i n t r o d u c e d  t h e i r  
WCDMA ch ip  s e t  p roduc t s  ahead  o f  Zy ray .    
 
Do/d id  we  improve  t he  qua l i t y  o f  our  new  produc t s?  
 
The  consensus  was  t ha t  new  p roduc t s  we re  improved ,  pa r t i cu l a r l y  i n  
t h e  t r a n s i t i o n  f r o m  S P I N N E R  c h i p  1 . 0  t o  S P I N N E R  c h i p  1 . 1  a s  t h e  
p r o d u c t  i m p r o v e d  t e c h n i c a l l y  a s  we l l  a s  f e a tu r e -w i se .   
 
Do/d id  we  improve  t he  succe s s  ra t e  o f  our  new  produc t s?  
 
W e r n e r  a n s w e r e d  y e s  t o  t h i s  q u e s t i on ,  l a r g e l y  b e c a u s e  Z y r a y  d e f i n e d  
t h e  p r o du c t s  ac cu r a t e l y  i n  t e r ms  o f  ma r k e t  n e eds .  F o r  a  s ma l l  
c o mp a n y ,  Z y r a y  d i d  v a l u a b l e  w o r k  i n  t e r ms  o f  q u a n t i f y i n g  f e a t u r e  
s e t s  w i t h  o p e r a t o r s  a n d  h a n d s e t  ma n u f a c t u r e r s .   
 
 
5 . 2 . 3 . 2 .  P r o d u c t  s u c c e s s  
 
D o / d i d  o u r  p r o d u c t s  m e e t  p r o f i t a b i l i t y  t a r ge t s?  
 
T h e  c o n s e n s u s  w a s  t h a t  Z y r a y  i s  me e t i n g  i t s  p r o f i t a b i l i t y  t a r g e t s .  
M i k e  c o mme n t e d  t h a t  a c c o r d i n g  t o  p r i c i n g ,  ma r k e t  v a l ue  a n d  Z y r a y ’ s  
c o s t  l e v e l s ,  t h e  c o m p a n y  i s  d o i n g  w e l l .  
 
D o / d i d  o u r  p r o d u c t s  c a p t u r e  s i g n i f i c a n t  m a r k e t  s h a r e ?  
 
I n  t h e  3 r d  q u a r t e r  o f  2 0 0 4  t h e  c o mp a n y  w a s  i n  t h e  e a r l y  s t a g e s  o f  
ma r k e t  a c c e p t a n c e .  We r n e r  c o m me n t ed  t h a t  t h e  r e a l  ma r k e t  w o u l d  
s t a r t  i n  t h e  2 n d  q u a r t e r  o f  2 0 0 5  w h e r e  Z y r a y /B r o a d c o m  i s  p r o j e c t e d  t o  
c a p t u r e  b e t w e e n  5  a n d  1 2  p e r c e n t  o f  t h e  ma r k e t .  
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D o / d i d  o u r  n e w  p r o d u c t s  g e n e r a t e  s i g n i f i c a n t  r e v e n u e  gr o w t h ?  
 
T h e  c o n s e n s u s  o n  p r o j e c t e d  ma r k e t  sh a r e  i s  t ha t  t h e  c om p a n y  w i l l  
g e n e r a t e  $ 3 5  mi l l i o n  i n  2 0 0 5  f r o m v i r t u a l l y  n o t h i n g  i n  20 0 4 .  
 
D o / d i d  o u r  p r o d u c t s  p r o v i d e  u n i q u e  b e n e f i t s  t o  o u r  c u s t o m e r s ?  
 
T h e  a n s w e r  t o  t h i s  q u e s t i o n  w a s  y e s  a s  t h e  c o - p r o c e s s o r  s t r a t e g y  
e n a b l e s  t h e  c u s t ome r s  t o  r e u s e  t he i r  o ld  GSM/GPRS/EDGE p ro toco l  
s t a c k  s o f t w a r e  a n d  c u r r e n t  I C ’ s .  M i ch i e l  n o t ed  t h a t  w e  d i d n ’ t  c r e a t e  a  
u n i q u e  p r o d u c t  f o r  c u s t o me r s  b u t  r a t he r  a  s t r a t e g i c  f i t  fo r  p a r t n e r s .  
F o r  c u s t ome r s  o u r  s o l u t i on  w a s  n o t  an y  b e t t e r  t h a n  t h e  c o mpe t i t i o n ’ s .   
 
5 .2 .3 .3 .  P r o j e c t  suc c e s s  
 
W e r e / a r e  o u r  p r o j e c t s  o n  s c h e d u l e ?  
 
F r o m t h e  v e r y  s t a r t  o f  t h e  c o m p a n y  t h e  e n g i n e e r s  ma n a g e d  t o  me e t  o r  
e x c e e d  a l l  e x t e r na l  p r o j e c t  mi l e s tones .  A l l  demons t r a t i ons ,  t r ade  
s h o w s  a n d  c h i p  m a n u f a c t u r i n g  mi l e s t ones  have  been  me t .  I f  t he se  
d e a d l i n e s  w e r e  n o t  me t ,  i n v e s tme n t  i n ,  a n d / o r  t h e  e v e n t u a l  
a c q u i s i t i o n  o f  t h e  c o mp a n y  w o u l d  n e v e r  h a v e  h a p p e n e d .  M e e t i n g  o f  
p r o j e c t  s c h e d u l e s  e a r n ed  t he  con f idence  o f  pa r t n e r s ,  c u s t o me r s  a n d  
i n v e s t o r s .  I n t e r n a l l y  i t  s o me t i me s  t o o k  e x t r e m e l y  l o n g  h o u r s  t o  me e t  
mi l e s t o n e s  b u t  a c c o r d i n g  t o  t h e  o u t s i d e  w o r l d  e v e r y t h i n g  w a s  
d e l i v e r e d  o n  t i me .  
 
Were /a re  our  p ro j ec t s  w i t h in  budge t?  
 
T h e  a b o v e  q u e s t i o n  e l i c i t e d  a  w i d e  r ange  o f  an swer s .  Acco rd ing  t o  
L u i s  t h e  b u d g e t  wa s  mi s s e d  b e c a u s e  t h e  c om p a n y  e n d e d  u p  ne e d i n g  
m u c h  mo r e — a n d  m o r e  e x p e n s i v e —t e s t  e q u i pme n t  t h a n  w a s  i n i t i a l l y  
p r o j e c t e d .  A c c o r d i n g  t o  F r e d e r i c ,  G av i n  a n d  B i l l  t h e  c om p a n y  w a s  o n  
b u d g e t  m o s t  o f  t h e  t i me .  G a v i n  a n d  F r e d e r i c  b e l i e v e d  t h i s  t o  b e  t r u e  
m o s t l y  be c a u s e  e v e r y  s p i n  o f  t h e  c h i p  w a s  s u c c e s s f u l  a n d  t he  t e a m  
d i d  n o t  n e e d  t o  s p e n d  a dd i t i o na l  m o n e y  t o  c o r r e c t  A S I C  e r r o r s .  
W e r n e r  c o m me n t e d  t h a t  t h e  c o mp a n y  ma n a g e d  t o  s t a y  o n  b u d g e t  m o s t  
o f  t h e  t i me  e x c e p t  w h e n  t h e  t e a m m o v e d  f r o m S o u t h  A f r i c a  t o  t h e  
USA.  
 
D o e s / d i d  a  p r o j e c t  o u t c o m e  a g r e e  w e l l  w i t h  p r e d i c t e d  e x p e c t a t i o n s ?  
 
Acco rd ing  t o  Lu i s ,  who  i s  i nvo lved  i n  eng inee r ing ,  t he  eng inee r ing  
expec t a t i ons  we re  l owered  i n  o rde r  t o  me e t  mi l e s t on e s .  A l l  o t h e r  
i n t e r v i e we e s  h o w e v e r  a g r e e d  t h a t  t h e  c o m p a n y  me t  mo s t  o f  t h e  
p r e d i c t e d  p r o j e c t  e x p e c t a t i o n s .  F r e d e r i c ,  f o r  e x a mp l e ,  c o m m e n t e d  
t h a t  t h e  c h i p  w o r k e d  f r o m  t h e  s t a r t  a n d  c o u l d  b e  u s e d  i n  a  p h o n e ,  
wh ich  i s  t he  u l t ima t e  s i gn  o f  succe s s .  The  work ing  ch ip  bu i l t  
e n o r mo u s  c o n f i d e n c e  i n  t h e  c o mp an y ,  e s p e c i a l l y  a f t e r  S P I N N E R  1 . 0 .   
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5 .2 .3 .4 .  C y c l e  t i m e  i m p ro v e m e n t  
 
D i d  o u r  N P D  c y c l e  t i m e  i mp r o v e ?  
 
F r e d e r i c  c o m m e n t e d  t h a t  t he  c y c l e  t ime  f o r  t h e  f i r s t  a nd  s e c o n d  s p i n s  
s h o w e d  n o  r e a l  i mp r o v e m e n t .  B i l l ,  h o w e v e r ,  s a i d  t h a t  b y  u s i n g  
p r e v i o u s  k n o w l e d g e  t h e  p r o j e c t  c y c l e  t i me s  s i g n i f i c a n t l y  i mp r o v e d .  
 
5 .2 .3 .5 .  Customer  invo lvement  ques t i ons  
 
W e r e / ar e  c u s t o m e r  n e e d s  i d e n t i f i e d  t h r o u g h  m u l t i p l e  s o ur c e s  o f  
i n fo rma t ion?  
 
Mike  and  Gav in  commen ted  t ha t  t he  i d e n t i f i c a t i o n  o f  c u s t o me r  n e e d s  
s i g n i f i c a n t l y  i nc r e a s e d  f r o m  t h e  s e e d / c o n c e p t  s t a g e  t o  t he  
d e v e l o p m e n t  a n d  m a r k e t  p h a s e s .  C ur r e n t l y  n e t w o r k  o p e r a t o r s ,  h a n d s e t  
ma n u f a c t u r e r s ,  p a r t n e r s  a n d  s e mi  c o n d u c t o r  p a r t n e r s  a r e  a l l  p o l l e d  
f o r  ma r k e t  i n f o r ma t i o n .  
 
Were /a re  p roduc t  r equ i r emen t s  so l i c i t ed ,  conso l i da t ed  and  f ed  back  
t o  p o t e n t i a l  c u s t o me r s ?  
 
T h e  c o n s e n s u s  w a s  t h a t  r e qu i r e me n t s  a r e  s o l i c i t e d  a n d  fe d  b a c k  t o  
p o t e n t i a l  c u s t o me r s .  
 
W e r e / a r e  n e w  p r o d u c t  c o n c e p t s  g e n e r a t e d  j o i n t l y  b y  e m p l o y e e s ,  
c u s t o m e r s  a n d  s u p p l i e r s ?  
 
T h e  c o n s e n s u s  w a s  t h a t  n e w  p r o d u c t  c o n c e p t s  a r e  j o i n t l y  g e n e r a t e d  b y  
e mp l o y e e s  a n d  c us t o me r s  a n d  muc h  l e s s  by  supp l i e r s .  Acco rd ing  t o  
M i k e ,  t h i s  j o i n t  g en e r a t i o n  i n c r ea s e d  i n  u s a g e  f r o m t h e  s e e d / c o nc e p t  
s t a g e  t o  t h e  c u r r e n t  p h a se .  B i g  de s ign  dec i s i ons  i nc lud ing  t he  RF  
i n t e r f a c e  t o  t h e  c h i p  w e r e  s o l i c i t e d  f r o m c u s t o me r s .   
 
Dur ing  r equ i r emen t s  de f i n i t i ons ,  w e re / a r e  p o t e n t i a l  c u s t o m e r s  
i n v o l v e d  c o n t i n u o u s l y  a n d  i n t e r a c t i v e l y ?  
 
Once  aga in ,  a cco rd ing  t o  Mike ,  t he  i n v o l v e me n t  o f  c u s t o me r s  d u r i n g  
r e q u i r e m e n t s  d e f i n i t i o n  i nc r e a se d  f r o m t h e  e a r l y  c om p a n y  p h a s e s  t o  
t h e  l a t t e r  p h a s e s .  
 
W e r e / a r e  d e m o g r a p h i c  c h a n g e s  i n  Zyr a y ’ s  ma r k e t p l a c e  c o n t i n u o u s l y  
i nve s t i ga t ed  and  f o recas t ed?  
 
The  consensus  abou t  t h i s  ques t i on  wa s  t h a t  i t  i s  n o t  a p p l i c ab l e  t o  
Z y r a y  a s  w e  d o  n o t  w o r k  w i t h  t h e  e n d  h a n d s e t  u s e r s .  
 
W a s / i s  ma r k e t  r e c e p t i v i t y  e v a l u a t e d  by  key  cus tomer  f e edback  p r io r  
t o  l a u n c h ?  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  KKooeekkeemmooeerr,,  PP    ((22000055))  



 90

 
S a me  a n s w e r  a s  p r e v i o u s  q u e s t i o n .  
 
5 .2 .3 .6 .  P r o j e c t  s e l e c t i o n  
 
W e r e / ar e  p r o j e c t s  i n i t i a t ed  t h r o u gh  a  p r o c e s s  i n vo l v i n g  mu l t i p l e  
f u n c t i o n a l  a r e a s ?  
 
T h e  c o n s e n s u s  w a s  t h a t  mu l t i p l e  fu n c t i o n s  w or k e d  t o g e t h e r  f r o m  t h e  
e a r l y  p ha s e s  o nw a r d  o n  a l l  p ro j e c t s .  I n  t h e  l a t e s t  c om p a n y  
d e v e l o p m e n t  p r o c e s s  t h e  f i r s t  s t e p  i s  a n  i n i t i a l  me e t i n g  b e t w e e n  a l l  
t h e  f u n c t i o n s  t o  d e t e r mi n e  r e q u i r e me n t s  a n d  t i me  f r a me s .  
 
W e r e / a r e  p r o j e c t  p r i o r i t i e s  u p d a t e d  p e r i o d i c a l l y  t h r o u g h  a  s y s t e m a t i c  
p roces s?  
 
A c c o r d i n g  t o  L u i s  p r i o r i t i e s  i n  eng inee r i ng  we re  upda t ed  bu t  no t  
a c c o r d i n g  t o  a  f o r ma l  p r o c e s s .  A t  t h e  ma r k e t i ng  l e v e l ,  M i k e ,  We r n e r  
a n d  G a v i n  a g r e e d  t h a t  t h e  c o mp a n y  r o a d ma p  w a s  u p d a t e d  p e r i o d i c a l l y  
t o  r e f l e c t  p r i o r i t i e s .  
 
Were /a re  new  oppor tun i t i e s  mos t  o f t en  pu t  t h rough  a  f o rma l  p roces s  
t o  d e t e r m i n e  p r i o r i t i e s ?  
 
M i k e  l i s t e d  mu l t i p l e  o p p or t u n i t i e s  t o  f o l l o w  v a r i o u s  r o u t e s  w h i l e  
i n f o r ma l  d e c i s i o n - ma k i n g  p r o c e s s es  i nc luded  ma nage men t  me e t i ngs  
eve ry  week  t o  d i s cus s  new  p r i o r i t i e s ,  c u s t o me r s ,  e t c .  
 
W e r e / ar e  N P D  p l a n s  mo s t l y  i n f l uenced  by  i n fo rma l  p lann ing  
a c t i v i t i e s  (S W O T ,  f o r e c a s t i ng )?  
 
N P D  p l a n s  a r e  mo s t l y  i n f l u e n c e d  b y  i n f o r ma l  c u s t o me r  f e e d b a c k .  
 
5 .2 .3 .7 .  P r o d u c t  s t r a t e g y  q u e s t i o n s .  
 
W e r e / a r e  p r o j e c t s  t e r m i n a t e d  t h r o u g h  a  f o r m a l  d e c i s i o n - ma k i n g  
p roces s?  
 
T o p – l e v e l  p r o j e c t s  w e r e  m o s t l y  t e r mi n a t e d  t h r o u g h  a n  i n f o r ma l   
p roce s s  ( no  known  comp any  p roces s ) .  The  p roces s  was  u sua l l y  
a f f e c t e d  b y  t h e  a v a i l a b i l i t y  o f  f und ing .  Mu l t i p l e  peop l e  a t  t he  
ma nage men t  and  boa rd  l eve lwe re  i nvo lved  i n  t he se  dec i s i ons .  
 
W a s / i s  p r o j e c t  f u n d i n g  p r i m a r i l y  b a s e d  o n  p o t e n t i a l  b u s i n e s s  
con t r i bu t i ons  t o  t he  company?  
 
Z y r a y  i s  a  v e n t u r e - f u n d e d  c o mpa n y  a n d  t h e r e f o r e  a l l  p r o j e c t  f u n d i n g  
i s  exc lu s ive ly  d r i ven  by  po te n t i a l  b u s i n e s s  c o n t r i b u t i o n s .  
 
W e r e / a r e  c o m p a n y  c o n s t r a i n t s  i n c o rp o r a t e d  i n t o  e s t a b l i s h e d  d i v i s i o n  
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“ d e s i g n  r u l e s ” ?  
 
Once  aga in ,  because  Zy ray  i s  a  ve n tu r e - funded  company ,  cons t r a in t s  
o n  a l l  l e v e l s  a r e  k n o w n  a n d  d r i v e  h o w  d e s i g n  i s  a p p r o a c h e d .  
E n g i n e e r i n g  h a s  t o  w o r k  w i t h i n  s p e c i f i c  b u d g e t  a n d  r e s o u r c e  
bounda r i e s .  Acco rd ing  t o  L u i s  d e s i g n  r u l e s  w e r e  a l s o  v e r y  mu c h  
d r i v e n  b y  t h e  n e e d s  o f  p a r t n e r  f i r ms .  T h i s  me a n t  t h a t  t he  p r o c e s se s  o f  
t h e  p a r t ne r s  w e r e  i n c o r p o ra t e d  i n t o  Z y r a y ’ s  p r o c e s s  s o  t h a t  i t  w o u l d  
b e  e a s i e r  t o  i n t e g r a t e  w o r k  m o r e .  
 
W e r e / a r e  p r o d u c t  s t r a t e g i e s  u s e d  b y  depar tmen t s  t o  co l l e c t i v e l y  a l i gn  
p r io r i t i e s  w i t h  o the r  depar tmen t s?  
 
P r i o r i t i e s  a r e  s ha r e d  b e t w e e n  f u n c t io n s  a s  n o  r e a l  d e p a r t me n t s  e x i s t  
i n  t h e  c o mp a n y .  B e c a u s e  o f  Z y r a y ’ s  s ma l l  s i z e ,  i t  i s  e a s i e r  t o  
c o m m u n i c a t e  p r i o r i t i e s  b e t we e n  f u n c t i o n s .  
 
W e r e / ar e  d e v e l opm e n t  p r o j e c t s  c a t e g o r i z e d  a n d  m a t c h e d  w i t h  
appropr ia t e ,  e x i s t i ng  NPD proces se s?  
 
B e c a u s e  o f  t h e  s m a l l  s i z e  o f  t h e  c o m p a n y  t h e  p r e v i o u s  q u e s t i o n  i s  n o t  
app l i c ab l e  t o  Zy ray .  
 
W a s / i s  r e g u l a t o r y  c o m p l i a n c e  h a n d l e d  t h r o u g h  d e s i g n  g u i d e l i n e s  t h a t  
a n t i c i p a t e  c o m p l i a n c e  c h a l l e n g e s ?  
 
A t  t h e  ma n a g e me n t  l e v e l  i t  w a s  f e l t  t h a t  c o mp l i a n c e  w a s  h a n d l e d  w e l l  
w i t h i n  t h e  c o mpa n y .  I n  t h e  c a s e  o f  Z y r a y  t h i s  me a n s  t h e  3 G P P  
s p e c i f i c a t i o n s  a n d  c h a n g e s  t o  t h e  s pec i f i c a t i o ns  w e r e  ha n d l e d  we l l .  
When  Zy ray  en t e r ed  ce l l  phone  ne twork  t e s t i ng ,  any  gaps  i n  
c o mpl i a n c e  b e c a me  e v i d e n t .  A t  t h e  e n g i n e e r i ng  l e v e l  how e v e r ,  i t  w a s  
f e l t  t h a t  c o mp l i a n c e  c o u l d  h a v e  been  hand l ed  be t t e r  w i th  a  more  
f o r ma l  p r o c e s s .  O n  t h e  c h i p  l e v e l ,  F r e d e r i c  f e l t  t h a t  Z y r a y  c o m p l i e d  
w e l l  w i t h  t h e  d e s i g n  g u i d e l i n e s  s e t  f o u r t h  b y  t h e  A S I C  ma n u f a c t u r e r s .  
 
Was / i s  marke t  r e search  u sed  a s  i npu t  f o r  de s ign  dec i s i on -mak ing?  
 
B i l l  f e l t  t h a t  t h i s  i s s u e  d i d  n o t  a p p l y  t o  h i s  d ep a r t me n t  a s  mo s t  o f  t h e  
r e q u i r e m e n t s ,  a t  l e a s t  i n i t i a l l y ,  w e re  i n t e rna l .  T h e  r e s t  o f  t h e  t e a m  
h o w e v e r ,  f e l t  t h a t  ma r k e t  r e s e a r c h  w a s  u s e d  s u c c e s s fu l l y  a s  t h e  c o -
p r o c e s s o r  d e s i g n  a n d  c h i p  f u n c t i on a l  r e q u i r e me n t s  w e r e  a t t a i n e d  
t h rough  ma rke t  r e s ea r ch .  Mike  no t e d  t ha t  a t  t he  s eed / concep t  s t age  
t h i s  w a s  n o t  d o n e  w e l l  b u t  t ha t  ma rke t i ng  i npu t  was  u sed  much  more  
o f t e n  i n  t h e  l a t t e r  s t a g e s .  
 
Were /a re  NPD p lans  mos t  i n f l uenced  by  ana l y se s  o f  ove ra l l  va lue  t o  
po t en t i a l  cu s tomers?  
 
T h e  c o n se n s u s  ( e xc l u d i n g  B i l l  w h o se  N P D  p l a n s  w e r e  i n f l u e n ce d  b y  
i n t e r n a l  r e q u i r e me n t s )  w a s  t h a t  N PD  p l a n s  we r e  i n f l u e n c e d  b y  t h e i r  
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v a l u e  t o  p o t e n t i a l  c u s t o me r s .  T h e  c o m p a n y  i s  v e n t u r e  f u n d e d  a n d  h a s  
t o  s h o w  h o w  i t  i s  g o i n g  t o  m a k e  mo n ey  t o  c o n t i n u e  t o  r e c e i v e  f u n d i n g  
f r o m n e w  v e n t u r e  f i r ms .  
 
5 .2 .3 .8 .  C o n c e p t  d e s i g n .  
 
 
W e r e / a r e  n e w  p r o d u c t  c o n c e p t s  based  on  an t i c i pa t ed  i ndus t r y  
t e c h n o l o g i c a l  c a p a b i l i t i e s ?  
 
Acco rd ing  t o  bo th  Lu i s  and  F rede r i c  ve ry  much  so ,  Zy ray ’ s  p roduc t  
r o a d ma p  f o l l o w s  t h e  r o a d m a p  o f  f u t u r e  3 G P P  s p e c i f i c a t i o n s .  
 
Were /a re  new  produc t  concep t s  e xp lo red  i n  an  uncons t ra ined  
manner?  
 
F r e d e r i c  f e l t  t h i s  i s s u e  w a s  n o t  a p p l i c a b l e  t o  Z y r a y  a s  t h e  c om p a n y  
on ly  ha s  one  p roduc t .  Lu i s  howev e r ,  f e l t  t ha t  h i s  g roup  had  t he  
o p t i o n  o f  l o o k i n g  a t  d i f f e r e n t  s o l u t i o n s  t o  p r o b l e ms .  
 
W e r e / ar e  c o n c e p t s  s e l e c t e d  u s i n g  m u l t i p l e ,  e x p l i c i t  c r i t e r i a ?  

 
I n  t h e  A S I C  d e s i g n  t e a m,  t h e  t e c h n o l o g y  a n d  a r c h i t e c t u r e  o f  t h e  c h i p  
w e r e  i n v e s t i g a t e d .  
 
W a s / i s  c o n c e p t  s e l e c t i o n  b a s e d  o n  s i m u l t a n e o u s  e v a l u a t i o n  o f  
m u l t i p l e  c o n c e p t s?  
 
T h i s  i s s ue  i s  n o t  a p p l i ca b l e  t o  t he  c o mp a n y .  D i f f e r e n t  c o n c e p t s  a r e  
l o o k e d  a t  b u t  w h i c h  o n e  t o  u s e  i s  dec ided  be fo r e  t he  de s ign  beg in s .  
N o  f u n d s  a r e  a v a i l a b l e  f o r  a n y  d e v e l o p me n t  b e y o n d  w h a t  i s  
n e c e s s a r y .  

 
Does /d id  concep t  s e l ec t i on  occur  a f t e r  manu fac tu r ing  i s sue s  have  
b e e n  a d d r e s s e d ?  
 
C o n c e p t  s e l e c t i o n  o c c u r r ed  b e fo r e  ma nufa c tu r i ng  began .  Les sons  
l e a rned  f rom SPI NNER 1 .0  we re  i nco r p o r a t e d  a n d / o r  c o r r e c t e d  i n  
S P I N N E R  1 . 1  a f t e r  ma n u f a c t u r e r  f e e d b a c k .  T h e  d e s i g n  r u l e s  f o r  
ma n u f a c t u r i n g  a r e  d i c t a t e d  b y  t he  c h i p  ma n u f a c t u r e r .  Z y r a y  ha s  t o  
f o l l o w  t h e s e  r u l e s  w h e n  d e s i g n i n g  t h e  c h i p .  

 
Were /a re  concep t s  de s igned  t o  op t i m i s e  p r o d u c t  p e r f o r m a n c e  t h r o u g h  
i t s  l i f e  c y c l e ?  
 
T h e  c o n se n s u s  w as  t h a t  t h i s  ma t t e r  does  no t  c a r ry  h igh  va lue  i n  t he  
c o mpa n y .  T h e  c h i p  i s  ma n u f a c t u r e d  by  a  3 r d  p a r t y  a n d  t h e  l i f e - c y c l e  
du rab i l i t y  o f  t he  p roduc t  i s  t he r e f o r e  a  f u n c t i o n  o f  t h e i r  i n t e r n a l  
A S I C  p r o c e s s .  Th i s  w o u l d  b e  f o c u s e d  o n  m o r e  c l o s e l y  i f  Zy r a y ’ s  
p roduc t s  we re  u sed  d i r ec t l y  by  t he  end  cus tomer .  
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5 .2 .3 .9 .  T e c h n o l o g i c a l  l e ade r s h i p .  

 
 
W e r e / ar e  t e c h n o l o g i e s  p ro a c t i v e l y  d e v e l o pe d  t o  ga i n  c o mpe t i t i v e  
advan tage?  
 
T h e  c o n s e n s u s  r e ga r d i n g  t he  a b o v e  q u e s t i o n  w a s  y e s  b e c a u s e  Z y r a y  
h a d  t o  d i f f e r e n t i a t e  i t s e l f  f r o m t h e  c o mp e t i t i o n .  A  f e w  e x a mp l e s  o f  
t h e  u s e  o f  t e c h n o l o g i e s  t o  g a i n  an  advan t age  a r e :  smar t  an t enna ,  
MIMO and  r ece ive  d ive r s i t y .  Zy ray  a l so  ha s  a  f o rma l  t e chno logy  
a d v i s o r y  b o a r d .  M i c h i e l  n o t e d  t h a t  t h e  c o mp a n y  n e e d e d  a  t e c h no l o g y  
r o a d ma p  a s  w e l l  a s  a  p r o d u c t  r o a d ma p .  

 
W e r e / a r e  t e c h n o l o g i c a l  changes  i n  t he  i ndus t r y  ac t i v e l y  d r i ven  by  our  
R & D  e f f or t s ?  
 
B e c a u s e  o f  t h e  s i z e  o f  t h e  c o mpa n y  i t  i s  d i f f i c u l t  f o r  i t  t o  d r i ve  t h e  
i n d u s t r y  b e c a u s e  r e s e a r c h  c o s t s  mon ey .  I t  was  howeve r  f e l t  t ha t  s i nce  
Z y r a y  o w n s  a  n u m b e r  o f  p a t e n t s  i n  c o r e  t e c h n o l o g i e s  i t  h a s  s o me  
i n f l uence  i n  t he  i ndus t ry  bu t  mos t l y  ( e s p e c i a l l y  o n  t h e  A S I C  a n d  
d e v e l o p m e n t  b o a r d s )  i t  j u s t  f o l l ows  t he  i ndus t ry  and  u se s  wha t eve r  i s  
a v a i l a b l e .  
 
 
5 .2 .3 .10 .  D o c u m e n t a t i o n  q u e s t i o n s  
 
Were /a re  p roduc t  r equ i r emen t s  docum e n t e d  a n d  s u b j e c t e d  t o  f o r m a l  
c h a n g e  c o n t r o l ?  

 
T h e  l e v e l s  o f  c h a n g e  c o n t r o l  i nc r e a s e d  o v e r  t he  y e a r s .  I n  t h e  
b e g i n n i n g  n o t  mu c h  w a s  d o n e  i n  t e r ms  o f  p r o d u c t  r e q u i r e me n t  
d o c u me n t a t i o n  a n d  c h a n g e  c o n t r o l .  Th e n  D O O R S  w a s  u s e d ,  f o l l o w e d  
b y  S h a r e  P o i n t  a n d  T e s t  T r a c k  P r o .  P e o p l e  w e r e  s l o w l y  s t a r t i n g  t o  
b u y  i n t o  t h e  p r o c e s s .   A c c o r d i n g  t o  Lu i s  E x c e l  s p r e a d s h e e t s  w e r e  
e v e n t u a l l y  f o u n d  t o  b e  a  g o o d  me c ha n i s m f o r  i mp l e me n t i n g  p r o d u c t  
r e q u i r e m e n t  d o c u me n t a t i o n  a n d  c h a n g e  c o n t r o l .  H e  a l s o  n o t e d  t h a t  
t e c h n i c a l  r e q u i r e m e n t s  w e r e  o v e r wh e l mi n g  a n d  t h a t  t h e  c o mpa n y  
n e e d e d  t o  f i n d  a  w a y  t o  c o n d e n s e  t h e m  i n t o  s o me t h i n g  m o r e  
ma n a g e a b l e .  

 
Was / i s  agreemen t  abou t  concep t  s e l ec t i o n  i n  t h e  f or m  o f  e x p l i c i t  
( d o c u m e n t e d )  b u y - i n  r e a c h e d  i n  a l l  d e p a r t m e n t s ?  
 
A t  t h e  s t a r t  t he  a g r e e me n t  w a s  v e r b a l ,  b u t  n o w  i t  i s  b e c o mi n g  mo r e  
fo r ma l .  A c c o r d i n g  t o  B i l l  t he  d e s i g n  r e v i e w  pa r t  o f  t h e  d e v e l o pme n t  
p r o c e s s  h e l p s  t o  b r i n g  t h e  d e p a r t men t s  t o g e t h e r  t o  f o r ma l l y  m a k e  a  
dec i s i on .  

 
W e r e / a r e  c o n c e p t s  d o c u m e n t e d  a n d  s u b j e c t e d  t o  f o r m a l  c h a n g e  
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c o n t r o l ?  
 
S y s t e m e n g i n e e r i n g  c o n c e p t s  w e r e  d o c u me n t e d  b u t  n o  f o r ma l  c h a n g e  
c o n t r o l  w a s  i mp l e me n t e d  i n  t h e  i n i t i a l  p h a s e s .   
 
W a s / i s  r i s k  a n a l y s i s  pe r f o r m e d  t o  p roac t i v e l y  de t e rmine  p ro j ec t  
p r i o r i t i e s?  
 
M o s t  p e op l e  f e l t  t h a t  t h e  co mp a n y  i s  t o  s ma l l  t o  w a r r a n t  r i s k  an a l y s i s  
o n  p r o j e c t s .  
 
 
5 .2 .3 .11 .  C h a n g e  c o n t r o l  
 
 
D i d / d o e s  f o r m a l  c h a n g e  c o n t r o l  beg in  a t  t he  concep t  s t age?  
 
S o f t w a r e  a n d  h a r d w a r e  d e s i g n s  a r e  p l a c e d  i n  a  c h a n g e  c o n t r o l  s y s t e m  
b u t  c h a n g e s  a r e  n o t  f o r ma l l y  ma d e .  S o me  r e q u e s t s  a n d  b u g s  a r e  n o w  
p l a c e d  i n  T e s t  T r a c k  P r o  a nd  c a n  t h e r e f o r e  b e  t r a c ke d .  
  
 
Were /a re  p roduc t  r equ i r emen t s  on l y  a l l owed  t o  be  changed  dur ing  
t h e  e a r l y  s t a g e s  o f  t h e  d e s i g n ?  
 
P r o d u c t  r e q u i r e me n t s  a r e  a l l o w e d  t o  b e  c h a n g e d  u n t i l  t h e  c h i p  i s  
a c t u a l l y  ma n u f a c t u r e d .  N e w  r eq u i r e me n t s  a r e  c o n t i n u a l l y  
i n c o r p o ra t e d  i n t o  t h e  d e s i gn .  I n  t h e  l a t t e r  s t a g e s  t h e  d e v e l o pme n t  
p r o c e s s  s t a r t s  t o  f o c u s  o n  t r y i n g  t o  mi n i mi z e  r e q u i r e me n t  c h a n g e s .  
I n i t i a l l y ,  h o w e v e r ,  i t  w a s  a  f r e e - f o r - a l l .  

 
W e r e / ar e  t h e  n u m b e r  o f  c h an g e s  i n  e a c h  p r o j e c t  p h a s e  t r a c k e d ?  

 
I n i t i a l l y  c h a n g e s  w e r e  n o t  f o r ma l l y  t r a c ke d ,  h o w e v e r  n o w  T e s t  T r a c k  
P ro  i s  u sed  t o  t r a ck  changes .  
 
W e r e / a r e  d e c i s i o n s  o n  c h a n g e s  t o  p r o d u c t  r e q u i r e m e n t s  b a s e d  o n  
a s s e s s m en t s  o f  m u l t i p l e  p r ede f i n e d  c r i t e r i a ?  
 
N o  p r e d e f i n e d  c r i t e r i a  ( e g .  p e o p l e , c os t  e t c . )  a r e  u s e d  i n  Z y r a y ,  t he  
o n l y  c r i t e r i a  w e r e  c u s t o me r  n e e d s  
 
5 .2 .3 .12 .  P r o d u c t  g o a l  q u e s t i o n s .  
 
W e r e / a r e  p r o j e c t  g o a l s  s u p p o r t e d  b y  d o c u m e n t e d  r e s o u r c e  
c o m m i t m e n t s ?  

 
H u ma n  r e s o u r c e s  a r e  s h o wn  o n  t h e  p r o j ec t  s chedu l e .  As  t he  p ro j ec t  
t i me l i n e  d r a w s  c l o s e r  t o  a  mi l e s t o n e ,  o t h e r  r e s o u r c e s  a r e  a l s o  
i n c o r p o r a t e d  i n t o  t h e  p l a n  
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D o / d i d  p r o j e c t  o b j e c t i v e s  i n c l u d e  e c o n o m i c ,  m a r k e t  a n d  p r o d u c t  
ou t comes?  
 
P r o j e c t  o b j e c t i v es  d i d  n o t  i n i t i a l l y  i nc lude  t he  above -men t ioned  
o u t c o me s  b u t  o v e r  t i me  t h e y  c h a n g e d  t o  i n c l u d e  a l l  o f  t h e  c r i t e r i a  
me n t i o n e d .  Z y r a y  h a s  t o  w o r k  c l o s e ly  w i t h  i t s  p a r t n e r s  i n  o r d e r  t o  
s h o w  n e w  p r o d u c t s .  P r o j e c t  g o a l s  w e r e :  t h e  c o s t  o f  t h e  b i l l  o f  
ma t e r i a l s  o f  t he  ba se  band  s ec t i o n  o f  t h e  t e l e p h o n e , ,  t o  show ch ip  
s a mp l e s  a t  3 G S M  i n  2 0 0 3  a n d  t o  s h o w  a  w o r k i n g  p h o n e  a t  3 G S M  i n  
2004 .   
 
 
A r e / w e r e  p r o j e c t  g o a l s  p r i ma r i l y  b a s e d  o n  e c o n o m i c  c r i t e r i a ?  
 
B e c a u s e  t h e  c o mpa n y  i s  v e n t u r e - fu n de d ,  e c o n omi c  c r i t e r i a  a r e  o f  t he  
u t mos t  i m p o r t a n c e .  
 
 
5 .2 .3 .13 .  M e t r i c s  q u e s t i o ns .  
 
Were /a re  p roces s  me t r i c s  a l i gne d  w i th  managemen t  goa l s  f o r  NPD 
s u c c e s s ?  

 
M a n a g e m e n t  a n d  ma r k e t i n g  f e l t  t h a t  s c h e d u l e  a n d  mi l e s t o n e  me t r i c s  
w e r e  b a s i c a l l y  t h e  o n l y  me t r i c s  t he  c o mp a n y  w a s  c o n c e r n e d  w i t h  a n d  
t h a t  t h e se  w e r e  w e l l  a l i g n e d  w i th  comp a ny  goa l s .  Eng inee r ing  
howeve r ,  d id  no t  f e e l  t ha t  any  me t r i c s  we re  kep t .  
 
W e r e / ar e  d e v e l o p me n t  p r o c e s s  m e t r i c s  q u a n t i t i v e ?  

 
O n c e  a g a i n ,  ma n a g e me n t  a n d  ma r k e t i n g  f e l t  t h a t  mi l e s t o n e s ,  b u d g e t  
a n d  h e a d c o u n t  w e r e  n o t  s p e c i f i e d  f o r  t h e  N P D  p r o c e s s .  A t  t h e  
e n g i n e e r i n g  l e v e l ,  me t r i c s  w e r e  n o t  f e l t  t o  have  had  any  i n f l uence .  
 
 
Has  t he  company  been  co l l e c t i ng  p roces s  da ta  f o r  a  wh i l e?  

 
We r n e r  an d  M i k e  f e l t  t h a t  t h e  t e a m has  been  co l l e c t i ng  da t a  f o r  2  
y e a r s  w h i l e  t h e  p e o p l e  i n  e n g i n ee r i n g  o nc e  a g a i n  f e l t  t h a t  t h e  
c o mp a n y  h a s  n o t  b e e n  d o i n g  a n y t h i n g  i n  t h i s  r e g a r d .  

 
 
5 .2 .3 .14 .  P r o c e s s  c o n t r o l  
 
W e r e / ar e  s u p p l i e r s  s e l e c t ed  b a s e d  o n  a  f o r m a l  s u p p l i e r  ce r t i f i c a t i on  
p rogram?  

 
S u p p l i e r s  a r e  s e l e c t e d  t h r o u g h  a n  i n f o r ma l  p r o c e s s  t h a t  i s  k n o w n  t o  
t h e  p e r s on  i n  t h e  c o mpa n y  t h a t  mos t  f r e q u e n t l y  c o m m u n i c a t e s  w i t h  
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t h e  s u p p l i e r .  
 
Did /does  t rans i t i on  t o  p roduc t i on  occur  t h rough  ear l y  p roduc t  and  
p r o c e s s  i n t e g r a t i o n ?  
 
F r e d e r i c  n o t e d  t h a t  s ma l l  p r o d u c t i on  r amp  ups  a r e  done  w i th  t he  
ASIC .  

 
D i d / d o e s  d o c u m e n t a t i o n  d e s c r i b e  t he  p roduc t  and  i t s  p roduc t i on  
p r o c e s s e s ?  

 
L u i s  s a i d  t h a t  c e r t a i n  d oc ume n t a t i o n  w i l l  be  g e n e r a t ed  mo r e  o f t e n  
w h e n  p r o d u c t i o n  i s  e n t e r e d .  F r e d e r i c ,  howeve r ,  no t ed  t ha t  t he  ASIC  
w a s  d o c u me n t e d  v e r y  w e l l .  B i l l  n o t e d  t h a t  t h e  d e v e l o p me n t  b o a r d s  
w e r e  w e l l  d o c u me n t e d  b u t  wo u l d  no t  go  i n to  p roduc t i on  a s  such .  

 
W a s / i s  p r o j e c t  s l i p p a g e  t r a c ked  on  a  con t i nuous  bas i s?  

 
T h e  p r o j e c t  s c he du l e  i s  t r a c k e d  a t  a  p r o j e c t  me e t i n g  o n c e  e ve r y  2  
w e e k s .  
 
W e r e / ar e  m e t r i c s  us e d  t o  i mp r o v e  t h e  N P D  p r o c e s s?  
 
T h e  c o mp a n y  h a s  g o n e  t h r o u g h  a  n u m b e r  o f  p o s t - mo r t e m p h a s e s  a f t e r  
i mp o r t a n t  mi l e s t one s  w e r e  r e a c h e d .  T h i s  p r o c e s s ,  h ow e v e r ,  i s  n o t  
c a r r i e d  o u t  t h r o u g h o u t  t h e  c o mpa n y .  

 
 

D o e s / d i d  p r o j e c t  p l a n n i n g  e m p h a s i z e  t he  p reven t i on  o f  p rob l ems  i n  
p ro j ec t s?  
 
I n  t he  beg inn ing  t he  p r even t i on  o f  p r o b l e ms  w a s  n o t  e mp h a s i z e d  b u t  
l a t e r — i n  t h e  U S A — p r o b l e m p r e v e n t i on  improved  a s  Zy ray  aqu i r ed  
p a r t n e r s  a n d  i n t e g r a t i o n  l e a d s .  M o s t  o f t en  i n t e rna l  p l ans  had  a  bu f f e r  
a t  t h e  e nd  o f  t h e  p r o j e c t  s o  t h a t  t he  ex t e rna l  m i l e s tone  was  bu f f e r ed .   
 
Were /a re  new  produc t s  deve loped  u s i n g  p r o c e s s e s  t h a t  a r e  e x p l i c i t l y  
d o c u m e n t e d ?  
 
L u i s  c o m m e n t e d  t h a t  t he  N P D  p r o c e s s  i s  d o c u me n t e d  b u t  n o t  
n e c e s s a r i l y  fo l l o we d .   H e  a l s o  me n t i o n e d  t h a t  i t  w a s  va g u e  a n d  t h a t  
eve ryone  i n t e rp r e t s  i t  d i f f e r en t l y .  Spec i f i c  docume n t s  and  de s ign  
r e v i e w s  w e r e  r e q u i r e d  a t  v a r i o u s  po in t s  i n  t he  deve lopmen t  p roce s s .  
 
D o e s / d i d  p r o c e s s  l e a r n i n g  o c c u r  t h r o u g h  t h e  e x c h an g e  o f  p r o c e s s  
d a t a  a n d  a n a l y s i s  o f  o the r  p ro j ec t s?  

 
T h e  q u e s t i o n  a b ove  i s  n o t  a p p l i c a b l e  b e c a u se  t h e r e  w e r e  n o  o t h e r  
p r o j e c t s  t o  l e a r n  f r o m e x c e p t  t h e  f i r s t  cyc l e  o f  t he  SPINNER p ro j ec t .   
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I s  t h e  de v e l o p m e n t  p r o c e s s  c o n t r o l l e d  t h r o u g h  p r o c e s s  d a t a  a n d  
i n t e r m e d i a t e  s t e p s  f r o m  m u l t i p l e  p r o j ec t s ?  
 
The  ques t i on  i s  no t  app l i c ab l e .  
 
 
 
5 .2 .3 .15 .  H u m a n  r e s o u r c e  d e v e l o p m e n t  
 

 
W a s / a r e  t e a m w o r k  t r a i n i n g  r equ i r ed  o f  t eam  members?  
 
T e a m w o r k  t r a i n i n g  w a s  i n h e r e n t  i n  t h e  t y p e  o f  s t a r t - u p  s i t u a t i o n .  D u e  
t o  t he  s i z e  o f  t he  company  t he  t e am had  t o  work  t oge the r .  Eve ryone  
t h e r e f o r e  h a d  t o  l e a r n  t o  w o r k  t o g e t h e r  i n  a  t e a m e v e n  i f  i t  w a s  
i n fo r ma l .  
 
Do/d id  caree r  deve lopmen t  p rograms  i nc lude  ex t e rna l  a s s ignmen t s?  

 
The  ques t i on  i s  no t  app l i c ab l e  a s  t h e  c o mpa n y  i s  t o o  s ma l l .  
 
D o / d i d  d e v e l o p me n t  p r o c e s s  g o a l s  e m p h a s i z e  b u i l d i n g  u p  n e w  
d e v e l o p me n t  c o m p e t e n c i e s ?  

 
B e c a u s e  o f  t h e  s i z e  o f  t h e  c o mp a n y ,  a n  i n f o r ma l ,  s e l f - t a u g h t  p ro c e s s  
w a s  f o l l o w e d  a s  t i me  a n d  b u d g e t  w e r e  l i mi t e d .  S o me  f o r ma l ,  e x t e r n a l  
t r a i n i n g  s e s s i o n s  w e r e  a t t e nde d  a n d  so me  p e o p l e  r e c e i ve d  t r a i n i ng  o n  
t h e i r  o w n  t i me .  O n c e  a g a i n ,  b e c a us e  o f  t i m e  a n d  b u d g e t  c o ns t r a i n t  
t r a i n i n g  w a s  n o t  p r e v a l e n t .  
 
 
5 .2 .4 .  C o m p a n y  p r o d u c t  d e v e l o p m e n t  p r o c e s s .  
 
No fo r ma l  p roce s s  was  fo l l owed  i n  t he  s eed / concep t  phase  o f  t he  
c o mpa n y ,  h o w e v e r  e v e r y o ne  w a s  i nvo lved  i n  f o r mu la t i ng  so lu t i ons .  
O n c e  Z y r a y  w a s  l o c a t e d  i n  t h e  U S A  mo r e  f o r ma l  d o c u me n t a t i o n  w a s  
kep t  and  docume n t  de s ign  r ev i e w s  w e r e  c o n d u c t e d .  T h e  p r o c e s s  
i t s e l f ,  h o w e v e r ,  w a s  v e r y  f l u i d .  
 
O n c e  i n  t h e  U S A  a f t e r  t he  f i r s t  sp i n  o f  t he  c h i p ,  t h e  mo r e  f o r ma l  
p r o c e s s  s h o w n  i n  t h e  f i g u r e  b e l o w  w a s  f o l l o w e d .  S y s t e m  e n g i n e e r i n g  
k i c k e d  o f  t h e  d e s i g n  p r o c e s s  b y  d o i n g  a n  i mp l e me n t a t i o n  s t u d y .  
Requ i r emen t s  we re  so l i c i t ed  and  a  de s ign  documen t  wr i t t en .  The  
de s ign  was  t hen  coded  and  s imu l a t e d .  F o l l o w i n g  s u c ce s s fu l  
s i mu l a t i o n  t h e  h a r d w a r e  a n d  s o f t w a r e  e n g i n e e r s  w e r e  m a d e  p a r t  o f  t h e  
p r o c e s s .  
 
F u r t h e r  r e q u i r e me n t s  w e r e  s o l i c i t ed  and  t e s t  vec to r s  p roduced .  The  
s o f t w a r e  e n g i n e e r  w o u l d  t h e n  p r e se n t  a n  i n t e g r a t ion  p l an .  Ha rdware  
a n d  s o f t w a r e  e n g i n e e r s  wo u l d  s t a r t  w o r k i n g  o n  t h e i r  d e s i g n s  a t  t h i s  
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p o i n t .   
 
B e fo r e  t h e  h a r d w a r e  i s  t e s t e d  a  fu l l  t e s t  p l a n  i n c l u d i n g  a l l  n e c es s a r y  
t e s t s  o n  t h e  h a r d w a r e  u s ing  t he  t e s t  vec to r s  mus t  be  g iven  t o  t he  
h a r d w a r e  e n g i n e e r s  b y  t h e  s y s t e m e n g i n e e r s .  E x t r a  v e c t o r s  a r e  a d d e d  
i f  p r o d u c t  f u n c t i o n a l i t y  h a d  t o  b e  t e s t e d .  
 
A f t e r  t he  ha rdware  eng inee r  i s  f i n i shed  and  a f t e r  s i gn i f i c an t  p l a t fo rm  
s o f t w a r e  a n d  h a r dw a r e  t e s t i n g  t he  ha r d w a r e  e n g i n e e r  w i l l  p r o du c e  a  
h a r d w a r e  d e s i g n  d o c u me n t .  T h e  d e s ig n  d o c u m e n t  f o r mu l i s e s  s o f t w a r e  
a n d  h a r dw a r e  i n t e r f a c e s  a nd  t h e  w o r k i n g  o f  t h e  h a r d wa r e  b l o c k .  A t  a  
p o s t - i n t eg r a t i o n  r e v i e w  t he  t e s t  pe r fo rma nc e  i s  eva lua t ed  and  a l l  
i s s u e s  a n d  b u g s  a r e  l i s t e d .   
 
Va r ious  b locks  a r e  t e s t ed ,  and  t hen  f i n a l l y  i n t e g ra t e d  a n d  t e s t e d  
a g a i n .  The  f i n a l  d e s i g n  w i l l  b e  u se d  a s  t he  mo d e m  d e s i g n  t o  b e  
i mp l e me n t e d  i n  A S I C .  
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Zyray Wireless
Development Process

Pre-Simulation Review
• Functionality

• Implementability
• Test Vectors

Requirements Document

• Functional
• Test Scenario

Post-Simulation Review
• Validate Design Performance

• Release Test Vectors

Design Kick-Off

• Integration lead presents 
development Plan

• Review Requirements

Pre-Integration Review
• Validate HW and SW design

• Plan integration in detail

Post-Integration Review
• Approve documentation

• List all issues/bugs
• Define final actions for delivery

Systems Design

Simulation Phase

Design Phase

Integration and Test

 
F i g u r e  12 :  D e v e l op m e n t  p ro c e s s  

 
T h e  f i g u r e  b e l o w i l l u s t r a t e s  t h e  d o c u me n t a t i o n  n ee d e d  i n  t h e  
c o mpa n y .  N o t e  t ha t  i n  t h i s  f i g u r e  D O O R S  i s  s t i l l  t he  t o o l  u se d  t o  
r e c o r d  r eq u i r e me n t s .  T h e  r e q u i r e men t - r e c o r d i n g  t o o l  w a s  c h a n g e d  t o  
S h a r e p o i n t  o n c e  t h e  s y s t e m b e c a me  o p e r a t i o na l .   
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Figure 13: Documentation required 
 
S t a r t i n g  f r o m  t h e  t o p  l e f t  c o r n e r  t h e  i n p u t s  i n t o  t h e  r e q u i r e me n t s  a r e  
t h e  3 G P P  s p e c i f i c a t i o n s  a nd  ma r k e t  r e q u i r e me n t s .  T h e  n e x t  l e v e l  o f  
d o c u me n t a t i o n  g e n e r a t e d  i s  s y s t e m l e v e l  d o c u me n t s  s p e c i f y i n g  t h e  
A S I C  i t s e l f  a n d  t h e  ma i n  b l o c k s  w i t h i n  t h e  mo d e m.  S o f t w a re  
r e q u i r e m e n t s  i n c l u d i n g  t h e  p h y s i c a l  l aye r  (Laye r  1  FW)  and  t he  
i n t e g r a t i on  l e v e l  (La y e r  1  R o u t e r )  a r e  a l s o  ge n e r a t e d .  A l l  o f  t h e s e  
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d o c u me n t s  a r e  r e v i e w e d  b e f o r e  t h e y  a r e  u s e d  a s  i n p u t  i n t o  t h e  s y s t e m  
d o c u me n t s .  T h e  s y s t e m d o c u me n t s  t h e re f o r e  d e t a i l  t he  de s ign  t o  be  
i mp l e me n t e d .  B e fo r e  s i mu l a t i o n  a n d  a f t e r  s i m u l a t i o n  t he  s y s t e m l e v e l  
d o c u me n t s  a r e  r e v i e w e d .  T h e  h a r d w a r e  b l o c k s  a r e  t h e n  d e s i g n e d .  A t  
t h e  e n d  o f  t h i s  c y c l e  t h e  h a r d w a r e  d e s i g n  d o c u me n t s  a r e  r e v i e w e d .   
 
Nex t ,  t he  i n t eg ra t i on  and  b lock  t e s t i ng  phase  i s  en t e r ed .  Eve ry  t ime  
t e s t i ng  on  a  b lock  i s  f i n i shed  a  r e v i e w  i s  h e l d  t o  d e t e r mi n e  
c o mpl i a n c e  o f  t h e  b l o c k .   
 
T h i s  p r o c e s s  w a s  u s e d  t o  p r o d uc e  SPI N N E R  1 . 1  i n  t h e  d e v e l o p me n t  
p h a s e  o f  Z y r a y ’ s  l i f e - c y c l e .  P a r t s  o f  t h e  p r o c e s s  w e r e  u s e d  t o  d e v e l o p  
S P I N N E R  1 . 0 .  F o l l o w i n g  p o s t - mo r t e m r e v i e w s  h e l d  a f t e r  t h e  
c o mp l e t i o n  o f  S P I N N E R  1 . 0  t h e  p ro c e s s  s h o w n  i n  t h e  t w o  f i g u r e s  
a b o v e  w a s  d e v e l o p e d .   
 
F o l l o w i n g  t h e  c o m p l e t i o n  o f  S P I N N E R  1 . 1  a n d  s o me  i n f o r ma l  p o s t -
m o r t e m  d e l i b e r a t i o n s ,  t h e  d e v e l o p me n t  p r o c e s s  w a s  c h a n g e d  t o  t h e  
one  shown  in  t he  f i gu re  be low .  T h e  m o s t  s i g n i f i c a n t  i s s u e  
e n c o u n t e r e d  i n  t h e  d e v e l o p me nt  o f  S P I N N E R  1 . 1  w a s  t h a t  n e w  
r e q u i r e m e n t s  w e r e  i d e n t i f i e d  t o o  l a t e  i n  t h e  d e s i gn  p h a s e .  T h e  
p r o d u c t  d e v e l o p m e n t  p r o c e s s  h a d  t o  be  upda t ed  t o  i nc lude  more  
i n t e r a c t i on  b e t w e en  func t i ons  ea r l y  i n  t he  de s ign  cyc l e .   
 
I n i t i a l l y ,  a  s h o r t  l i s t  o f  r eq u i r e men t s  w o u l d  b e  g e n e r a t e d  b y  a l l  t h e  
f u n c t i o n s  i n v o l v e d .  F o l l o w i n g  t h e  g en e r a t i o n  o f  t h e  r e q u i r e me n t s  l i s t  
i t  b e c a m e  e a s i e r  t o  mor e  e f f e c t i ve l y  e s t i ma t e  r e s o u r c e  a nd  t i me  
r e q u i r e m e n t s  f o r  a l l  t h e  b locks  t o  be  de s igned .   
 
O n c e  t h e  v a r i o u s  t e a ms  w e r e  i n fo r me d ,  a  mor e  c o mpl e t e  d e s i g n  
d o c u me n t  w o u l d  b e  g e n e r a t e d .  T h i s  w o u l d  i n c l u d e  a  d e t a i l e d  
d e s c r i p t i o n  o f  t h e  s p l i t  b e t w e en  h a r d w a r e  a n d  s o f t w a r e .  T h e  
i n t e g r a t i o n  l e a d  w o u l d  n o w  p r e sen t  a  docume n t  de sc r i b ing  t he  
s t r a t egy  t o  be  fo l l owed  i n  o rde r  t o  de s ign  and  t e s t  t he  b lock .  
F o l l o w i ng  t h e  a cc e p t a n ce  o f  t h i s  d o c u me n t ,  s y s t em e n g i n e e r i n g ,  
h a r d w a r e  d e v e l o p me n t  a n d  s o f t w a r e  d e v e l o p me n t  w o u l d  b e g i n .  T h i s  
d e v e l o p m e n t  w o u l d  b e  d o n e ,  u s i n g  t he  d e s i g n  o f  t h e i r  a p p r o p r i a t e  
s y s t e ms ,  o v e r  a  s t a g g e r e d  t i me  f r a me .   
 
S y s t e m a n d  h a r d w a r e  d e s i g n  d o c u m e n t s  a r e  p r o d u c e d  a n d  r e v i e w e d  
be fo re  fu l l  i n t eg ra t i on  t e s t i ng  s t a r t s .   
 
A f t e r  i n t e g r a t i o n  a n d  t e s t i n g  i s  c o mp l e t e d  t h e  i n t e g r a t i o n  l e a d  
p r e sen t s  t he  r e su l t s  ob t a ined  and  no t e s  a l l  open  i s sue s  and  bugs .  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  KKooeekkeemmooeerr,,  PP    ((22000055))  



 102

 

Figure 14: Product development process 2004 
 
 
5 .2 .5 .  H u m a n  r e s o u r c e  d e v e l o p m e n t  
 
H u ma n  r e s o u r c e  d e v e l o p me n t  a s  s u c h  t a k e s  a  b a c k  s e a t  t o  e v e r y t h i n g  
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e l s e  i n  a  s ma l l ,  s t a r t - u p ,  v e n t u r e - f u n d e d  c o mp a n y .  N o  f o r ma l  t r a i n i n g  
p r o g r a ms  o r  c a r e e r  p a t h s  w e r e  v i s i b l e  i n  t he  o rgan i s a t i on ,  
pa r t i cu l a r l y  i n  t he  beg inn ing  whe n  t h e  c om p a n y  h a d  a  v e r y  f l a t  
o r g a n i s a t i o n a l  s t r uc t u r e .  A s  t i me  p r og r e s s e d  pe o p l e  w e r e  p l a c e d  i n t o  
ma n a g e m e n t  r o l e s  b e t w e e n  t h e  v i c e  p r e s iden t  and  eng inee r  l eve l s .   
 
Wi t h  o n e  e x c e p t i o n ,  n o  o n e  e mp l o y e d  i n  t h e  c o mpa n y  w a s  e mp l o y e d  
s t r a igh t  ou t  o f  un ive r s i t y .  Eve r yone  on  t he  t e am had  ve ry  spec i f i c  
expe r i ence ,  and  t h i s  enab l ed  eng ine e r s  t o  s t a r t  p r oduc ing  r e su l t s  
i m me d i a t e l y .  T h e  e n g i n e e r s ,  i n  mo s t  c a s e s ,  pu t  t h e i r  own  c a r e e r - p a t h  
d e v e l o p m e n t  o n  h o l d  t o  p r o d u c e  w h a t e v e r  w a s  n e c e s s a r y  t o  me e t  
s c h e d u l e s  a n d  t h u s  c o n t i nu e  r e c e i v i n g  v e n t u r e  c a p i t a l .  T h i s  w a s  
e s p e c i a l l y  t r u e  f o r  a l l  t h e  S o u t h  A f r i c a n  e n g i n e e r s  w o r k i n g  i n  t h e  
USA on  work  v i s a s .  I f  t he  company  h a d  f a i l e d  t h e y  w o u l d  h a v e  t o  g o  
b a c k  t o  S o u t h  A f r i c a .  I n  mo s t  c a s e s  t h e y  f e l t  v e r y  s t r on g l y  t h a t  t h e y  
w a n t e d  t o  r e ma i n  a n d  b u i l d  a  n e w  l i f e  i n  t h e  U S A .   
 
A l l  e mp l o y e e s  w e r e  g r a n t e d  s t o c k  i n  t h e  c o m p a n y  t h a t  w a s  v e s t e d  
o v e r  a  f o u r - y e a r  p e r i o d .  The  s t o c k  o p t i o n s  a s  w e l l  a s  t h e  s a l a r i e s  
e a rned  compared  f avou rab ly  w i t h  t h a t  o f  t h e  ma r k e t .   
 
S a l a r y  r ev i e w s  w e r e  h e l d  e v e r y  ye a r  a n d  s a l a r i e s  w e r e  a d j u s t e d  
a c c o r d i n g  t o  p e r f o r ma n c e ,  c o n t r i b u t i o n  a n d  ma r k e t  i n f o r ma t i o n  f o r  
e v e r y  e mp l o y e e .   
 
I n  A p p e n d i x  3  t h e  t e a m  l e a d e r  eva lua t i on  fo r m i s  shown .  Th i s  
eva lua t i on  was  done  a f t e r  SP INNER  1 . 0  w a s  c o mpl e t e d .  M a n a g e r s  
u sed  t he se  eva lua t i ons  a s  i npu t  f o r  pe r f o r ma n c e  r e v i e ws .  T h e  r ev i e w s  
we re  a l so  s een  a s  a  good  way  o f  bu i l d i n g  a n  u p l i f t i n g  w o r k  c r i t i q u e .   
 
T h e  f i g u r e  b e l o w  s h o w s  t h e  f i e l d s  o f  r e s p o n s i b i l i t y  fo r  t h e  v a r i o u s  
func t i ons .  ‘P l a t fo rm’  i n  t h i s  f i gu re  imp l i e s  a  phone  p l a t fo rm and  
s y s t e m e n g i n e e r i ng  i s  t h e r e f o r e  n o t  shown  on  t he  d i ag ram.  Wi th  t he  
a c q u i s i t i o n  o f  p a r t n e r s  l i k e  C o mne o n  a n d  t h e  s u b s e q u e n t  
e s t a b l i s h me n t  o f  a n  F A E  r e s p o n s i b i l i t y ,  t he  r e spons ib i l i t i e s  o f  t he  
va r i ous  g roups  had  t o  be  c l ea r l y  de f i ned .   
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Figure 15: Responsibility fields 
 
 
5 .3 .  D a t a  a n a l y s i s  
 
I n  t h i s  s ec t i o n  t he  b e s t  p r ac t i s e  s co r e s  f o r  t h e  v a r i o u s  c a t e g o r i e s  a n d  
l i f e - c y c l e  p h a s e s  w i l l  b e  sh o w n .  A s  s t a t e d  p r e v i o u s l y ,  t h e s e  sc o r e s  
w i l l  b e  c o mpa r e d  w i t h  i nd u s t r y - w id e  s c o res  f r o m t h e  s t u d y  b y  
D o o l e y .   
 
5 .3 .1 .  B e s t  p r a c t i s e  s c or e s  
 
T h e  a v e r a g e  v a l ue s  f o r  t h e  b e s t  p r a c t i s e  i t e ms  p e r  l i f e - c y c l e  p h a s e  
a r e  t a b u l a t e d  b e l o w .  T h e  i n f o r ma t i o n  w a s  o b t a i n e d  t h r o u g h  
i n t e r v i e ws  w i t h  ke y  e mp l o y e e s  a s  p r e v i o u s l y  n o t e d .  N o t e  t ha t  t he  
c o n c e p t  a n d  s e e d  p h a s e s  a r e  s h o wn  a s  one  phase .  The  s t e ady  s t a t e  
p h a s e  i s  n o t  i n  t h e  a n a l y s i s  a s  t he  company  neve r  en t e r ed  t h i s  phase .  
T h e  o r i g i n a l  s c o r e s  f r o m t h e  s t u d y  b y  D o o l e y  a r e  l i s t e d  i n  t h e  l a s t  
c o l u mn .  T h e  me d i a n s  o f  a l l  t h e  s c o r e s  a s  w e l l  a s  t he  v a r i a n c e  a n d  
s t anda rd  dev i a t i ons  a r e  a l so  shown .   
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Table 6 Zyray Best Practise categories results 

 C o n c e p t / s e e d  
P r o d u c t  
d e v e l o p m e n t M a r k e t  

D o o l e y  
s t u d y  
v a l u e s  

Con t inuous  
q u a l i t y  
i mp r o v e m e n t  
 1.50 3.42 3.33 3.5 
P r o d u c t  
s u c c e s s  
 0.00 3.59 3.78 3.6 
P r o j e c t  
s u c c e s s  
 3.50 3.83 3.74 2.94 
C y c l e  t i me  
i mp r o v e m e n t  
 0.00 3.40 3.80 3.63 
C u s t o me r  
i n v o l v e me n t  
q u e s t i o n s  2.07 2.92 2.99 2.67 
P r o j e c t  
s e l e c t i o n  
 2.80 3.40 3.45 3.16 
P r o d u c t  
s t r a t e g y  
q u e s t i o n s  2.33 3.03 3.04 2.7 
C o n c e p t  
d e s i g n  1.50 1.71 1.92 1.96 
T e c h n o l o g i c a l  
l e ade r sh ip  2.33 2.83 2.88 2.79 
D o c u me n t a t i o n  
q u e s t i o n s  1.45 1.80 1.85 2.18 
C h a n g e  
c o n t r o l  1.06 1.38 1.38 1.98 
P r o d u c t  g o a l  
q u e s t i o n s  3.52 3.86 3.86 3.05 
M e t r i c s  
q u e s t i o n s  1.43 1.71 1.76 2.4 
P r o c e s s  
c o n t r o l  1.22 1.89 1.92 2.67 
Hu ma n  
r e s o u r c e  
d e v e l o p m e n t  
 0.61 1.61 1.67 1.72 
A v e r a g e  1.69 2.69 2.76 2.73 
Stand  dev  1.087 0.904 0.910 0.603 
V a r i a n c e  1.042 0.951 0.954 0.777 
Execution of NPD 1.29 1.69 1.73 2.31 
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Strategic 
implementation 2.61 3.21 3.24 2.87 

 
 
T h e  f o l l o w i n g  n o r ma l i s e d  g r a p h s  w e r e  d r a w n  u s i n g  t h e  i n f o r ma t i o n  i n  
t he  p r ev ious  t ab l e :  
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Figure 16: Normalised acceptance of best practise categories 

 
 
 
D o o l e y  f o u n d  t h a t  N P D  s u c c e s s  w a s  i n f l u e n c e d  mo r e  s i g n i f i c a n t l y  b y  
b e s t  p r ac t i s e s  c o n t r o l l i n g  t h e  s t r a t e g i c  i m p l e me n t a t i o n  o f  N P D  
( p r o j e c t  s e l e c t i o n ,  g o a l s ,  t e c h n o l o g i c a l  l e a de r sh ip ,  p roduc t  s t r a t egy  
a n d  c u s t o me r  i n vo l v e me n t )  t h a n  by  N P D  b e s t  p r a c t i s e s  a s s oc i a t e d  
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w i t h  t h e  e x e c u t i o n  o f  N P D  ( p r o c e ss  c o n t r o l ,  me t r i c s ,  d o c u me n t a t i o n  
a n d  c h a n g e  c o n t r o l ) .  T h e y  a l s o  fo u n d  t h a t  b e s t  p r a c t i s e s  a s s o c i a t e d  
w i t h  s t r a t e g i c  i m p l e me n t a t i o n  w e r e  mor e  w i d e l y  a d op t e d  t h a n  b e s t  
p r a c t i s e s  a s s o c i a t e d  w i t h  con t ro l l i ng  and  execu t i ng  p roduc t  
d e v e l o p m e n t .  
 
T h e  fo l l ow i n g  p a ra g r a p h s  w i l l  a n a l y s e  t he  d i f f e r e n t  l i f e - c y c l e  p h a s e s  
o f  Z y r a y  Wi r e l e s s  u s i n g  t h e  f i nd ings  r eco rded  by  Doo ley .  
 
 
5 .3 .1 .1 .  S e e d / c o n c e p t  s t a g e  a n a l y s i s  
 
I n  t h e  e a r l y  s t a ge s  o f  t h e  c o mpa n y ’ s  d e ve l o p me n t  a  l e s s  f o r ma l  
p r o c e s s  w a s  f o l l o w e d .  C o n s e q u e n t l y  t h e  a v e r a g e  u s e  o f  b e s t  p r a c t i s e  
c a t e g o r i e s  w a s  l o w e r  t h a n  t h e  a ve rage  found  by  t he  Doo ley  s t udy .   
 
Look ing  a t  Zy ray ,  t he  be s t  p r ac t i s e  c a t ego r i e s  t ha t  we re  u sed  more  
t h a n  a v e r a g e  i n  t he  b e g i n n i n g  w e r e :  c o n t i n u o u s  q u a l i t y  i mp r o v e me n t ,  
p r o j e c t  s u c c e s s ,  c y c l e  t i me  i mp ro v e me n t ,  p r o j e c t  s e l e c t i o n ,  p r o d u c t  
s t r a t e g y  q u e s t i o n s ,  t e c h n o l o g i c a l  l ea d e r s h i p ,  p r o d u c t  g o a l  q u e s t i o n s  
a n d  h u ma n  r e s o u r c e  d e v e l o p me n t .   
 
T h e s e  c a t e g o r i e s  w e r e  p a r t  o f  t he  b e s t  p r a c t i s e s  c o n t r o l l i n g  t h e  
s t r a t e g i c  i mp l e me n t a t i o n  o f  t h e  N P D  p r o c e s s .  A t  t h i s  po i n t  n o  fo r ma l  
p r o d u c t  d e v e l o p m e n t  p r o c e s s ,  d o cu me n t a t i o n  s y s t e ms  o r  c h a n g e  
c o n t r o l  sy s t e ms  w e r e  i n  p l a c e .  
 
I n  t e r ms  o f  p r o d u c t  s u c c e s s  a nd  cus tomer  i nvo l v e me n t ,  Z y r a y ’ s  
s c o r e s  w e r e  b e l ow  a v e r a g e  i n  b o t h  c a s e s .  T h i s  ma k e s  s e n s e  b e c a use  
t h e  c o mp a n y  d i d  n o t  h a v e  p r o d u c t s  o r  cu s tomer s  a t  t h i s  t ime .  The  
company  a l so  d id  no t  ye t  have  a  ma r k e t i n g  d e p a r t me n t  t h a t  c o u l d  
f o c u s  o n  p o t e n t i a l  c u s t o me r  n e e d s .  
 
 
5 .3 .1 .2 .  P r o d u c t  d e v e l o p m e n t  s t a g e  a n a l y s i s  
 
I n  t h e  p r o d u c t  d e v e l o p me n t  p h a s e ,  m o r e  f o r ma l  p r o c e s s e s  w e r e  b e i n g  
d e v e l o p e d  a n d  f o l l o w e d .  A l s o ,  t h e  c o m p a n y  h a d  a  ma r k e t i n g  
d e p a r t me n t  a n d  a  C E O  w h o  w e r e  f o c u s e d  o n  d e t e r mi n i n g  w h a t  p r o d u c t  
r oadmap  to  fo l l ow .  T h e  a v e r a ge  a c c e pt a n c e  o f  b e s t  pr a c t i se  
c a t e g o r i e s  i n c r e as e d  f r o m  1 . 7 1  t o  2 . 7 6 ,  w h i ch  i s  h i g he r  t ha n  w h a t  
was  found  i n  t he  Doo ley  s t udy .  The  s t anda rd  dev i a t i on  i s ,  howeve r ,  
s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  s t anda rd  dev i a t i on  found  by  t he  Doo ley  
s t u d y .  Th i s  d i f f e r e n c e  i s  mos t  p r o b ab ly  due  t o  t he  f ac t  t ha t  t he  
i n fo rma t i on  was  ga i ned  f ro m f ew  s o u r c e s  c o mp a r e d  w i t h  t he  3 9  
c o mp a n i e s  u s e d  i n  t h e  D o o l e y  s t u d y .  
 
T h e  p r o d u c t  s u c c e s s  c a t e g o r y  s h o we d  a  s i g n i f i c a n t  i n c r e a s e  i n  
a c c e p t a nc e  f r om  0  t o  3 . 59  d u r i n g  t h i s  p h a s e .  I n  t h i s  phase ,  t he  
c o mp a n y  b e c a me  v e r y  f o c u s e d  o n  d e v e l o p i n g  a  p r o d u c t  t h a t  w o u l d  be  
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ma r k e t a b l e .  B o t h  p o t e n t i a l  c u s t o me r s  a s  w e l l  a s  i n v es t o r s  ha d  t o  b e  
s h o w n  t h a t  t h e  c o m p a n y  w a s  d ev e l o p i n g  a  f e a s i b l e  p r o d u c t .  
 
 
T h e  c o m p a n y  s c o r e d  a b o ve  a v e r a ge  i n  t h e  f o l l o w i n g  c a t e go r i e s :  
c o n t i n u ou s  q u a l i t y  i mp r o v e me n t ,  p r o d u c t  s u c c e s s ,  p r o j e c t  s uc c e s s ,  
c y c l e  t i me  i mp r o v e me n t ,  c u s t o me r  i nvo lveme n t  ques t i ons ,  p ro j ec t  
s e l e c t i o n ,  p r o d u c t  s t r a t e g y  q u e s t i on s ,  t e c h n o l o g i c a l  l e a d e r s h i p  a n d  
p r o d u c t  g o a l  q u e s t i o n s .   
 
T h e  a v e r a g e  s c o r e  f o r   t he  e x e c u t ion  o f  NPD ca t ego r i e s  ( 1 .69 )  i s  
s i g n i f i c a n t l y  l o w e r  t h a n  b o t h  t h e  s co re  fo r  execu t i on  found  by  Doo ley  
(2 .31 )  and  t he  ave r ages  found  fo r  s t r a t e g i c  i mp l e me n t a t i o n  c a t e g o r i e s  
f r o m b o t h  s t u d i e s  ( 3 . 2 1  a n d  2 . 8 7 ) .  I t  i s  t he r e fo r e  c l ea r  t h a t  t h e  s t a r t -
up  compa ny  focused  c lo se ly  on  deve lop ing  t he  co r r ec t  p roduc t .  Focus  
a n d  r e s o u r c e s  w e r e  n o t  s p e n t  o n  c o n t r o l l i n g  a n d  d o c u me n t i n g  t h e  
p r o c e s s  b u t  r a t h e r  o n  d e v e lop ing  a  qua l i t y  p roduc t .  
 
 
5 .3 .1 .3 .  M a r k e t i ng  p h a s e  a n a l y s i s  
 
T h e  ma r k e t i n g  p h a s e  s h o w s  a  s l i g h t  i mp r o v e me n t  o v e r  t h e  p r o d u c t  
deve lopmen t  phase .  Th i s  mi gh t  be  due  t o  t h e  f a c t  t ha t  Z y r a y  o n l y  
e n t e r e d  t h e  ma r k e t  p h a s e  a t  t h e  t i me  o f  t he  ca se  s t udy  and  d id  no t  ye t  
have  a  f u l l y  commerc i a l  p roduc t .  A t  t h e  t i me  o f  t h e  c a s e  s t u d y  t h e  
c o mpa n y  w a s  p r e p a r i n g  t o  e n t e r  t he  ma r k e t  i n  t h e  l a s t  q u a r t e r  o f  
2004 .   
 
T h e  p r o d u c t  s u c c e s s  c a t e g o r y  a c h i eved  a  ve ry  h igh  s co re  (3 .78 )  
c o mp a r e d  w i t h  t h e  me d i a n  ( 2 . 8 2 )  and  t he  Doo ley  s t udy  (3 .6 ) .  The  
s t a r t - u p  c o mp a n y  h a d  t o  f o c u s  o n  p roduc ing  t he  co r r ec t  p roduc t  f o r  
t h e  c o r r e c t  ma r k e t  a t  t h e  c o r r e c t  mo me n t  i n  t i me .  Whe t h e r  o r  no t  t he  
company  con t i nues  t o  r e ce ive  fund i ng  f rom t he  ven tu r e  cap i t a l  f i r m  
d e p e n d s  o n  t h e  s u c c e s s f u l  a c h i e v e me n t  o f  a l l  mi l e s t o ne s  s o  t h a t  t h e  
c o n f i d e n c e  o f  t h e  i n v e s t o r s  a s  w e l l  a s  p o t e n t i a l  c l i e n t s  c a n  b e  e a r n e d .   
 
T h e  o n l y  c a t e g or y  t o  s h o w  a  r e a l  i nc r e a se  d u r i n g  t h i s  p h a s e  w as  t h e  
d o c u me n t a t i o n  c a t e g o r y ,  i n c r e a s i n g  f r o m a  m e d i a n  o f  1 . 8 0  t o  1 . 8 5 .  
T h e  n e w  me d i a n  h o w e v e r ,  i s  s t i l l  s i g n i f i ca n t l y  b e l o w  t h e  me d i a n  
f o u n d  i n  t h e  D o o l e y  s t u d y  ( 2 . 1 8 ) .  I n  t h e  ma r k e t  p h a s e ,  d o c u me n t a t i o n  
t o  ex t e rna l  pa r t ne r s  wou ld ,  howe v e r ,  b e c o me  mo r e  c r i t i c a l .  T h e  
c o mp a n y  w a s  n o w  e n t e r i n g  a  mo r e  ma tu re  phase  whe re  t he  gung -ho  
s t a r t - u p  a t t i t u d e  h a d  t o  ma k e  w a y  f o r  a  mo r e  o r g a n i s e d  s t r u c t u r e  a n d  
m o r e  f o r ma l  d o c u me n t a t i o n  p r o c e s s e s .   
 
 
5 .3 .2 .  Analys i s  o f  h i s tor i ca l  and  o t her  company  da ta  co l l e c t ed   
 
I n  t h e  p re v i o u s  s ec t i o n  t h e  r e s u l t s  f r o m t h e  q u e s t i o n s  p o s e d  t o  t h e  
v a r i o u s  e m p l o y e e s  w e r e  p r e s e n t e d .  T h e  d a t a  w a s  t h e n  a n a l y s e d  a n d  
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conc lu s ions  we re  d r awn .   
 
T h e  fo l l ow i n g  s e c t i o n  a i ms  t o  ac c ompl i sh  two  goa l s .   F i r s t l y ,  da t a  
f r o m o t h e r  s o u r c e s ,  e i t h e r  d o c u me n ts  o r  p a r t i c i p a n t  o b s e r v a t i o n s ,  w i l l  
w h e r e  p os s i b l e  b e  a n a l y s e d  a c c o r d i n g  t o  t h e  be s t  p r a c t i s e  c a t e g or i e s .  
S e c o n d l y ,  t h e  r e s u l t s  r e c o r de d  b y  t h i s  a n a l y s i s  w i l l  t h e n  b e  c o m p a r e d  
a g a i n s t  t h e  r e s u l t s  o b t a i n e d  f r o m t h e  q u e s t i o n n a i r e .   
 
5 . 3 . 2 . 1 .  C o n c e p t / s e e d  p h a s e  
 
D u r i n g  t h i s  p h a s e ,  a l l  o f  t h e  p r o c e s s e s  i n  t h e  c o mp a n y  w e r e  n e w .  
E v e r y t h i n g  w a s  d o n e  o n  a n  a s - n e e d e d  b a s i s .  On  t h e  p r o d u c t  
d e v e l o p m e n t  p r o c e s s  f r o n t ,  n o  f o r ma l  p r o c e s s  e x i s t e d .  B o t h  t h e  
d e v e l o p m e n t  a n d  ma r k e t  p h a s e s  h a d  e x p l i c i t  d e v e l o p me n t  p r o c e s s e s  
t h a t  w e r e  c o m m u n i c a t e d  t o  t h e  e mp l o y e e s .  
 
P r o j e c t  ma n a g e m e n t  w a s  p e r f o r m e d  o n  t h e  v a r i o u s  i t e ms  t o  b e  
de l i ve r ed  and  t he i r  p rog re s s  was  t r a cked .   
 
N o  ma r k e t i n g  d e p a r t me n t  e x i s t e d  a t  t h i s  po in t .  The  company ’ s  two  
f o u n d e r s  w e r e  i n  c h a r g e  o f  t h e  b u s i n e s s  d e v e l o p me n t  a n d  ma r k e t i n g .  
A  p roduc t  r oadma p  was  deve loped  bu t  i t  was  cons t an t l y  changed  and  
i t  d i d  n o t  k e e p  t r a c k  o f  a c t u a l  r e s o u r c e  r e q u i r e me n t s .  
 
N o  h u ma n  r e s o u r c e  d e p a r t me n t  e x i s t e d .  A l l  h u ma n  r e s o u r c e  ma t t e r s  
w e r e  h a n d l e d  b y  t h e  f o u n d e r s .  A l l  o f f i c e  ma nage men t  t a sk s  we re  
c o n t r a c t e d  o u t .  A s  c a n  b e  s e e n  f ro m t he  f i r s t  company  s t ruc t u re  
( f i g u r e  XX)  t h e  c om p a n y  u s e d  a  f l a t  o r g a n i s a t i o n a l  s t r uc t u r e .  M os t  o f  
t h e  p e o p l e  e mp l o y e d  w i t h  t h e  c o mp a n y  w e r e  a l r e a d y  e x p e r t s  a t  w h a t  
t h e y  w e r e  d o i n g .  
 
S o f t w a r e  t h a t  w a s  d e v e l o p e d  w a s  p u t  u n d e r  a  c h a n g e  c o n t r o l  s y s t e m 
( C V S  d a t a b a s e )  b u t  n o  f u r t h e r  f o r ma l  c h a n g e  c o n t r o l s  e x i s t e d  a s  y e t .  
 
5 .3 .2 .2 .  P r o d u c t  d e v e l o p m e n t  p h a s e  
 
T h e  f i r s t  f o r ma l  d e v e l o p me n t  p r oce s s  was  de f i ned  du r ing  t he  p roduc t  
deve lopmen t  phase  and  i s  shown  in  f i gu re  6 .  The  p roces s  con t ro l  
c a t ego ry  du ly  i nc r ea sed  f rom an  av e r a g e  o f  1 . 8 9  t o  a n  a v e r a g e  o f  
1 . 9 2 .  P r o j e c t  l e a r n i n g  o c c u r r e d  a t  t h i s  p o i n t  a n d  t h i s  h e l p e d  t o  d e f i n e  
a  d e v e l o p me n t  p r o c e s s  w i t h i n  a  c h a n g e d  c o mpa n y  s t r u c t u r e  a s  s h o w n  
i n  f i g u r e s  3  a n d  4 .  
 
T h e  ma r k e t i n g  d e p a r t me n t  w a s  s t a r t ed  up  unde r  t he  l e ade r sh ip  o f  
M i k e  C i v i e l l o .  T h e  c o mp a n y  a l s o  c a me  u n d e r  t h e  l e a de r sh ip  o f  an  
expe r i enced  CEO in  t he  pe r son  o f  Werne r  S i eve r s .  These  two  even t s  
h a d  a  ma j o r  i n f l u e n c e  o n  t h e  c o mp a n y ’ s  p r o d u c t  r o a d ma p .  P r o d u c t  
a n d  c o mp a n y  g o a l s  w e r e  s e t  w h i c h  d e f i n e d  w h a t  t h e  p r o d u c t  s h o u l d  
a n d  w h e n  i t  h a d  t o  b e  a v a i l a b l e .  T he  p r o d u c t  s u c c e s s  c a t e g or y  d u l y  
i n c r e a s e d  f r o m a  l o w  o f  0  t o  a  h i g h  o f  3 . 7 8 .   
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I n  f i g u r e  7  t h e  d o c u me n t a t i o n  r e q u i r e me n t s  f o r  t h e  d e v e l o p me n t  
p r o c e s s  a r e  s h o w n .  T h e  d o c u me n t a t i o n  r e q u i r e me n t s  w e r e  d e v e l o p e d  
i n  c o n j u n c t i o n  w i t h  t h e  d e v e l o p me n t  p r o c e s s .  T h e  d o c u me n t a t i o n  a t  
t h i s  po in t  had  t o  be  done  u s in g  D O O R S  ( A p p e n d i x  1 ) .  A l t h o u g h  t h i s  
p roved  no t  t o  be  t he  be s t  so lu t i on ,  t he  compa ny  go t  back  on  t r a ck  t o  
p r o d u c e  s p e c i f i c  p i e c e s  o f  i n f o r ma t i o n .  The  d o c u me n t a t i o n  b e s t  
p r ac t i s e  c a t ego ry  showed  an  improveme n t  f r o m a n  a v e r a g e  o f  1 . 4 5  t o  
a n  a v e r a g e  o f  1 . 8 5 .   
 
T h e  c u s t o me r  i n v o l v e me n t  a v e r a g e  i nc r ea sed  i n  t h i s  phase  (2 .07  t o  
2 . 9 9 ) .  F r o m t h e  Z y r a y  t i me - l i n e  i n f o r ma t ion  t h i s  cou ld  be  a t t r i bu t ed  
t o  t h e  a g r e e me n t  s i g n e d  o n  a  c o - d e v e l o p me n t  p r o c e s s  w i t h  I n f i n e o n .  
Feedback  f ro m Zy ray ’ s  f i r s t  pa r t ne r  g a v e  t h e  c o mp a n y  l o t s  o f  d e s i g n  
r e q u i r e m e n t  i n fo rma t i o n  t h a t  i t  w ou l d  n o t  h a v e  h a d  i f  Z y r a y  w e r e  
s t i l l  o n  i t s  o w n .  E v e n  w i t h  ma r ke t i n g  d o i n g  mo r e  r e s e a r c h  o n  
r e q u i r e m e n t s ,  i n f o r ma t i o n  g a i n e d  o n  a  co -ope ra t i ona l  l eve l  i s  more  
v a l u a b l e  t h a n  i n f o r ma t i o n  t h a t  i s  sha r ed  w i th  anyone  i n  t h e  i n d u s t r y .  
 
5 .3 .2 .3 .  M a r k e t  pha s e  
 
T h e  d e v e l o p me n t  p r o c e s s  f o l l o w e d  w a s  f u r t h e r  r e f i n ed  w h e n  Z y r ay  
e n t e r e d  t h e  ma r k e t  p h a s e .  F i g u r e  8  s h o w s  t h e  d e v e l o p me n t  p r o c e s s  
f o l l owed  i n  2004 .  Th i s  new  deve l o p me n t  p r o c e s s  s h o w s  a  b i g g e r  
e mp h a s i s  o n  t h e  d e s i g n  k i c k - o f f  me e t i n g  w h e r e  a l l  t h e  v a r i o u s  
f u n c t i o n s  d e f i n e  p r e l i mi n a r y  t e s t  s t r a t e g i e s ,  a n  i n t e g r a t i o n  p l a n ,  a s  
w e l l  a s  a  b a s i c  d e s i g n  s p e c i f i c a t i o n .  The  func t i ons  t hen  co l l abo ra t e  t o  
g e n e r a t e  a  c o n c e p t u a l  d e s i g n .  F r o m th i s  po in t  f o rwa rd  t he  sy s t em-
eng inee r i ng  g roup  p roduces  t he  de s ign  and  s imu la t e s  i t .  The  ha rdware  
a n d  t h e  s o f t w a r e  g r o u p s  k i c k  o f f  t h e i r  c o d i n g  a n d  t e s t i n g  a s  d e s i g n  
s p e c i f i c a t i o n s  b e c o me  a v a i l a b l e .  R ev i e w s  o f  d o c u me n t s  a r e  c o n d u c t e d  
a s  i n  t he  p r ev ious  deve lopmen t  p r oce s s .  The  new  app roach  t r i ed  t o  
l i mi t  t h e  a mo u n t  o f  r e q u i r e me n t  c h a n g e s  n e e d e d  l a t e  i n  t h e  d e s i g n  
p r o c e s s .  T h e  c o n c e p t  d e s i gn  c a t e g ory  d u l y  i nc r e a se d  f r o m a n  i n i t i a l  
1 . 5  t o  1 . 7 1  a n d  f i n a l l y  t o  1 . 9 2 .  A s  f o r ma l  d o c u me n t s  w e r e  g e n e r a t e d  
e a r l i e r ,  t h e  d o c u m e n t a t i o n  c a t e g o r y  on ly  showed  an  i nc r ea se  f rom 1 .8  
t o  1 . 8 5 .  
 
T h e  s e c o n d  s i g n i f i c a n t  c h a n g e  c a n  b e  s e e n  i n  t h e  s h i f t  i n  t h e  
o rgan i s a t i on  o f  eng inee r s  i n  Zy ray .  These  changes  a r e  shown  in  
f i g u r e  5 .  B e c a u s e  Z y r a y  n o w  h a d  t o  s u p po r t  v a r i ous  c u s t ome r s ,  
s p e c i f i c  p e o p l e  w e r e  a s s i gne d  t o  be  t h e  s i n g l e  i n t e r f a c i n g - po i n t  
b e t w e e n  t h e  c u s t ome r s  a n d  t h e  e n g in e e r i n g  t e a m.  F i e l d  a p p l i c a t i o n s  
eng inee r s ,  who  we re  pa r t  o f  t he  ma rke t i ng  t e am,  wou l d  be  t he  f i r s t  
l i ne  o f  f i l t e r i ng  fo r  cu s tome r  ques t i ons .  Any  p rob l ems  t ha t  cou ld  no t  
be  hand l ed  by  t he  FAE’s  wou ld  t hen  b e  h a n d e d  o f f  t o  t h e  s y s t e m 
i n t e g r a t o r s .  T h e se  e n g i n e e r s  w o u ld  t h e n  t a k e  r e s po n s i b i l i t y  fo r  
f i n d i n g  a  s o l u t i o n  t o  t h e  p ro b l e m.  T h i s  c a n  b e  s e e n  i n  t h e  i n t e r e s t i n g  
c h a n g e  i n  s c o r e s  f o r  p r o j e c t  s uc c e s s ,  w h i c h  d e c r e a s e d  f rom t he  
d e v e l o p m e n t  p h a s e  t o  t h e  ma r k e t  p h a s e  f r o m  3 . 8 3  t o  3 . 7 4 .  A t  t h e  
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s a me  t i m e  h o w e v e r ,  t h e  a ve r a g e  f o r  t h e  p r od u c t  s u c c e s s  c a t e g o r y  
i n c r e a s e d  f r o m 3 . 5 9  t o  3 . 7 8 .  T h i s  c a n  b e  a t t r i b u t e d  t o  t h e  f a c t  t h a t  
t h e  f o c u s  o f  s o me  e n g i n e e r s  s h i f t e d  f r o m d e v e l o p i n g  s o me t h i n g  n e w  
t o  r e f i n in g  t h e  cu r r e n t  s o f t w a r e  and  ha rdware .  Ge t t i ng  t he  ac tua l  
p r o d u c t  ou t  t h e  d oo r  n o w  b e c a me  t h e  ma i n  f o c u s  o f  t h e  c o mpa n y .  A  
s u c c e s s f u l  p r o d u c t  g e n e r a t e s  t r u s t  and ,  mos t  impor t an t l y ,  r evenue .  
 
5 .4 .  P r o p o s i t i o n  t e s t i ng  
 
P r o p o s i t i o n  1 :  C u s t o m e r  i n v o l v e m e nt  w i l l  i n c r e a s e  o v e r  t he  l i f e  
c y c l e  o f  t h e  s t a r t - u p .  
 
Cus tomer  i nvo lveme n t  i nc r ea se s  ove r  t he  l i f e  cyc l e  o f  t he  company ,  
t h e r e fo r e  t h e  p r o po s i t i o n  i s  c o r r e c t .  F r o m t h e  h i s t o r y  o f  t h e  c om p a n y  
i t  i s  e v i de n t  t h a t  t h e  ma r k e t i n g  d ep a r t me n t ,  l e d  b y  M i k e  C i v i e l l o ,  w a s  
o n l y  l a u nc h e d  w h e n  t h e  c o m p a n y  mov e d  t o  t h e  U n i t e d  S t a t e s .  P r i o r  t o  
t h i s  a l l  m a r k e t i n g  e f fo r t s  w e r e  i n fo rma l  and  hand l ed  by  t he  founde r s .  
F r o m t h e  q u e s t i o n n a i r e  q u e s t i o n s  r e g a r d i n g  c u s t o me r  i n v o l v e me n t  i t  
i s  e v i d e n t  t h a t  i n fo r ma t i o n  a b o u t  c u s t o me r  n e e d s  w a s  f i r s t  s o l i c i t e d  
f r o m v a r i o u s  s o u r c e s  w h e n  t h e  ma r ke t i n g  d e p a r t me n t  s t a r t e d ,  a n d  t h a t  
o v e r  t i me ,  t h e  c u s t o me r  i n v o l v e me n t  i n c r e a s e d .  F r o m  t h e  
q u e s t i o n n a i r e  i t  w a s  f o u n d  t h a t  e m p l o y e e s  a n d  c u s t o me r s  g e n e r a t e d  
concep t s  j o in t l y .  A l so ,  b ig  de s ign  dec i s i ons  we re  ma de  on ly  a f t e r  
s o l i c i t i n g  i n fo r ma t i o n  f r o m c u s t o me r s .  T h e  a ve r a g e s  i n  t h e  c u s to me r  
i nvo lveme n t  be s t  p r ac t i s e  c a t ego ry  w e r e  fo u n d  t o  h a v e  i n c r e a s e d  
du r ing  l i f e  cyc l e  phase s  f r om an  i n i t i a l  2 . 07 ,  t o  2 . 92  i n  t he  
d e v e l o p m e n t  p h a s e  a n d  f i n a l l y  2 . 9 9  i n  t h e  ma r k e t  p h a s e .  
 
P r o p o s i t i o n  2 :  T h e  s t a r t - up  w i l l  b e  f o r c e d  t o  m a k e  ga t i n g  d e c i s i o n s  
r e g a r d i ng  w h i c h  p r o j e c t s  t o  p e r f o r m .  
 
Z y r a y  h a s ,  f o r  mo s t  o f  i t s  e x i s t e n c e ,  o n l y  h a d  o n e  p r o d u c t .  H o w  t h e  
p r o d u c t  a c t u a l l y  l o o k s  a n d  t h e  b o u n d a r i e s  o f  t h e  p r o d u c t  h a v e ,  
h o w e v e r ,  c h a n g e d  o v e r  t i me .  I n i t i a l l y  t h e  c o mp a n y  w a s  g o i n g  t o  ma k e  
t h e  p h y s i c a l  l a y e r  h a r d w a r e  a n d  a l l  t h e  s o f t w a r e  l a y e r s  a b o v e  i t  a s  
w e l l .  T h e  c o mp a n y  w a s  g o i n g  t o  p r o d u c e  a  WC D M A  p h o n e .  H o w e v e r ,  
w h e n  t h e  c o mpa n y  e mp l o y e d  a  C E O  a n d  s t a r t e d  t h e  ma r k e t i n g  
depa r tme n t  i t  was  qu i ck ly  found  t ha t  p roduc ing  a l l  o f  t he se  e l emen t s  
wou ld  be  t oo  much  work  fo r  such  a  s ma l l  g r o u p  o f  p e o p l e .  T h e  
c o mpa n y  r o a d ma p  w a s  r e d e f i n e d  t o  o n l y  i n c l u d e  t h e  p h y s i c a l  l a y e r  
h a r d w a r e  i n  t h e  s ha p e  o f  a  mi c r o c h i p ,  t he  phys i ca l  l aye r  so f twa re  and  
a  l a y e r  o f  i n t e g r a t i o n  s o f t w a r e .  T h i s  h e l p e d  t h e  c o mp a n y  fo c u s  i t s  
r e s o u r ce s ,  w h i c h  i n  t u r n  h e l p e d  t h e  c om p a n y  a c h i e v e  a l l  t he  
mi l e s t o n e s  s e t .  T h i s  g a v e  t h e  c o mp a n y  a n  a d v a n t a g e  w h e n  n e g o t i a t i n g  
w i t h  v e n t u r e  c a p i t a l i s t s  i n  subsequen t  f und ing  rounds .  
 
W h e n  a s k e d  i f  p r o j e c t  g o a l s  w e r e  p r i ma r i l y  b a s e d  o n  e c o n o mi c  
c r i t e r i a  a l l  p a r t i c i p a n t s  a n swe r e d  t h a t  i n  t he  de v e l o p me n t  a n d  m a r k e t  
p h a s e s  t h a t  e c o n o mi c  g o a l s  w e r e  t h e  o n l y  g o a l s .   
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When  compar ing  t he  s t a r t - up  aga in s t  t he  i ndus t ry  i n  t he  p ro j ec t  
s e l e c t i o n  c a t e g o r y ,  t h e  s t a r t - u p  s t a r t e d  o f f  w i t h  a  l o we r  s c o r e  t h a n  
t h e  i n d u s t r y  a v e r a g e  ( 2 . 8 ) .  T h i s ,  h o we v e r ,  c h a n g e d  t o  b e c o me  h i g h e r  
t h a n  t h e  i n d u s t r y  a v e r a g e ;  ( 3 . 4  a n d  3 . 4 5  a g a i n s t  t h e  i n d u s t r y  3 . 1 6 ) .  
The  succe s s fu l  s t a r t - up  was  fo r ced  t o  con t i nuous ly  ma ke  c r i t i c a l  
p r o j e c t  g a t i n g  d e c i s i o n s .   
 
W h e n  c o m p a r i n g  t h e  s t a r t - u p  w i t h  t he  i ndus t ry  i t  i s  ev iden t  t ha t  t he  
a v e r a g e  c o mpa n y  i s  l e s s  f o c u s e d  o n  p r o j e c t  s e l e c t i o n  a n d  p r o d u c t  
s t r a t e g y  t h a n  t h e  s t a r t - u p .    
 
F o l l o w i n g  f r o m t h e  e v i d e n c e  p r e s e n t ed ,  t he  p ropos i t i on  t h a t  t h e  s t a r t -
u p  w i l l  b e  f o r c e d  t o  ma k e  g a t i n g  dec i s i ons  r ega rd ing  wh ich  p ro j ec t s  
t o  pe r fo rm  a r e  f ound  t o  be  t r ue .  
 
P r o p o s i t i o n  3 :  T h e  s t a r t - u p  c o m p any  w i l l  f o c u s  m o re  o n  p r o d u c t  
s t r a t e gy  t h a n  t h e  r e s t  o f  t h e  i n d u s t r y .   
 
T h e  p r o d u c t  s t r a t e g y  c a t e g o r y  i n  t h e  s t a r t - u p  s t a r t e d  a t  a  l o w e r  l e v e l  
t h a n  t h e  i n d u s t r y  a t  2 . 3 3  v e r s u s  t he  i ndus t ry  ave rage  (2 .7 )  and  t hen  
i n c r e a s e d  t o  3 . 0 3  a n d  3 . 0 4 .  F r o m t h e  answer s  t o  t he  p roduc t  s t r a t egy  
q u e s t i o n s  p r e s e n t ed  e a r l i e r  i t  i s  e v i d e n t  t h a t  t h e  i n v e s t o r s  p l a y e d  a  
s i g n i f i c a n t  r o l e  i n  d e f i n i n g  t he  p roduc t  s t r a t egy .  The  on ly  way  t he  
s t a r t - u p  w a s  a b l e  t o  r e ce ive  fund ing  was  by  p re sen t i ng  i t s  bus ine s s  
c a s e  t o  po t e n t i a l  i n v e s t o r s .  T h i s  c l ea r l y  f o r c e d  a  f r e q u e n t  a n a l y s i s  o f  
t he  p roduc t  s t r a t egy .   
 
The  s t a r t - up  does  no t  have  ma ny  o p p o r t u n i t i e s  t o  r e c o v e r  f r o m  
mi s t a k e s  ma d e ;  i t  i s  t h e re fo r e  o f  t h e  u t mo s t  i m p o r t a n ce  fo r  t h e  s t a r t -
u p  n o t  t o  e n c o u n t e r  p r o d u c t  s t r a t e g y  mi s t a k e s .  
 
T h e  p r o p o s i t i o n  a b o v e  i s  t h e r e f o r e  f o u n d  t o  b e  t r u e .   
 
P ropos i t i on  4 :  Concep t  de s igns  in  t h e  s t a r t - u p  w i l l  b e  d o n e  t o  a  
l i m i t e d  ex t e n t ;  n o t  m o r e  t ha n  t h e  i n d u s t r y  a ve r a g e .  
 
W h e n  a s k e d ,  w h e t h e r  c o nc e p t  s e l ec t i o n  i s  b a s e d  o n  s i mu l t a n e o u s  
e v a l u a t i on  o f  m u l t i p l e  c o n ce p t s  i n  t he  s t a r t - u p ,  mos t  p a r t i c i p a n t s  f e l t  
t h a t  t h e  q u e s t i o n  w a s  n o t  a p p l i c a b l e  a s  v a r i o u s  c o n c e p t s  w e r e  l o o k e d  
a t  b u t  n o t  d e v e l o p e d  f u r t h e r  a s  i n s u f f i c i e n t  f u n d s  a n d  h u ma n  
r e s o u r ce s  w e r e  a v a i l a b l e  t o  fu l l y  b u i l d  a n d  t e s t  a l l  o f  t h e  v a r i o u s  
c o n c e p t s .   
 
M a r k e t i n g  s t a t e d  t h a t  t h e y  s o l i c i t e d  i n p u t s  f r o m va r ious  sou rce s .  The  
p r o d u c t  r o a d ma p ,  h o w e v e r ,  n e v e r  d i s p l a y e d  m u l t i p l e  p r o j e c t s .  W h e n  
a s k e d  i f  p r o j e c t s  w e r e  c a t e g o r i z e d  a n d  ma t c h e d  w i t h  a p p r o p r i a t e  
p r o c e s s e s ,  a l l  p a r t i c i p a n t s  n o t e d  t ha t  t he  ques t i on  was  no t  app l i c ab l e .  
 
P r o j e c t s  t h a t  w e r e  n o t  d i r e c t l y  r e l a t ed  t o  p roduc t  succe s s  we re  neve r  
s t a r t e d  u p  i n  t h e  c o mp a n y .  M i k e  C i v i e l l o  i n  ma r k e t i n g  n o t e d  t h a t  
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v a r i o u s  p r o j e c t  r o u t e s  w e r e  l i s t e d  a t  a  ma n a g e me n t  l e v e l  b u t  t h a t  
d e c i s i o n s  w e r e  a l s o  ma d e  a t  ma n ag e me n t  l e v e l  a s  t o  w h e t h e r  t o  g o  
f o r w a r d  w i t h  t h e  p r o j e c t s  o r  n o t .   
 
I n  t he  i ndus t ry ,  on ly  concep t  de s ign  w i th  a  s co re  o f  1 . 96  i s  a ccep t ed .  
T h e  s t a r t - u p  a l w a y s  s c o r e d  l o w e r  t h a n  t h e  i n d u s t r y  ave r age  (1 .5 ,  1 . 71  
a n d  1 . 9 2 ) .  T h i s  e v i d e n c e  t he r e f o r e  su p p o r t s  t h e  p r o p os i t i o n  t h a t  t h e  
s t a r t - u p  w i l l  n o t  s p e n d  mo r e  t i me  t h a n  t h e  ave r a g e  co mpa n y  i n  t h e  
i n d u s t r y  o n  c o n c e p t  d e s i g n s .  
 
F o l l o w i ng  f r o m t he  e v i d e n c e  p r e se n t e d  t he  p r o p o s i t i o n  p r e s e n t e d  
a b o v e  i s  f o u n d  t o  b e  t r u e .  
 
P r o p o s i t i o n  5 :  T h e  s t a r t - up  c o m p a n y  w i l l  f o l l o w  t e c h no l o g y  l e ade r s .  
 
F rom the  t e chno logy  l e ade r sh ip  ques t i o n s  p r e s e n t e d  e a r l i e r ,  i t  w a s  
f o u n d  t h a t  t h e  c o mp a n y  t r i e d  t o  d i f f e r en t i a t e  i t s e l f  f r om the  
c o mpe t i t i o n .  S o me  n e w  t e c h n o l o g i e s  w e r e  d e v e l o p e d  a n d  p a t e n t e d  
w h e r e  p o s s i b l e .  Th e  c o mp a n y  a l s o  h a d  a  t e c h n o l o g y  a d v i s o r y  b o a r d .  
M o s t  n o t a b l y ,  h o w e v e r ,  i t  w a s  n o t e d  t h a t  be c a u s e  o f  t h e  s i z e  o f  t h e  
c o mpa n y  i t  w a s  d i f f i c u l t  t o  d r i v e  t h e  i n d u s t r y  d u e  t o  t h e  h i g h  c o s t s  o f  
r e s e a r c h .  Wh e n  i t  c a me  t o  A S I C  d e s i g n  a n d  W C D M A  d e s i g n  Z y r a y  
f o l l o w e d  t h e  i n d u s t r y  s t a n d a r d s .   
 
A s  w a s  t h e  c a se  w i t h  t he  c o n c e p t  d e s i g n  b e s t  p r a c t i s e  c a t e g o r y ,  
r e sou rce s  p l ayed  a  s i gn i f i c an t  r o l e  i n  p r e v e n t i n g  t he  c o mp a n y  f r o m 
e x p l o r i n g  a n y  a l t e r n a t i v e s .  A n y  w o r k  a u t ho r i z e d  wa s  me a s u r e d  
a g a i n s t  e c o n o mi c  c r i t e r i a .  T h e  p r o d u c t  Z y r a y  d e v e l o p e d  w a s  a  r e s u l t  
o f  i t s  f i r s t  a t t e mp t  a t  d e v e l o p i n g  t h i s  t y p e  o f  p r o d u c t  w h i l e  m o s t  o f  
t h e  c o mp a n y ’ s  c om p e t i t o r s  h a d  y e a r s  o f  e x p e r i e nc e  i n  t h i s  t yp e  o f  
p r o d u c t  d e v e l o p me n t .  
 
L o o k i n g  a t  t h e  t e c h n o l o g y  l e ade r sh ip  ca t ego ry  ave r a g e s  i t  c a n  b e  s e e n  
t h a t  t h e y  d i d  n o t  c h a n g e  mu c h  o v e r  t h e  l i f e  c y c l e  o f  t h e  c o mp a n y .  I n  
t h e  ma r k e t  p h a s e  t h e  t e c h n o l o g y  l eade r sh ip  ca t ego ry  Zy ray  s co red  a  
h i g h  o f  2 . 8 8 .  T h e  i n d u s t r y  a v e r a g e  w a s  2 . 7 9  w h i c h  p u t  Z y r a y  r i g h t  o n  
t h e  i n d us t r y  a v e r a g e  ( w i t h i n  o n e  s t a n d a r d  d e v i a t i o n ) .  T h i s  s c o r e  
s h o w s ,  t h e r e f o r e ,  t h a t  t h e  c o mpan y  d i d  n o t  s t a n d  o u t  i n  d e v e l o p i n g  
new  t echno log i e s .  
 
T h i s  p r o p o s i t i o n  p r e s e n t e d  a b o v e  i s  t h e r e f o r e  a l s o  f o u n d  t o  b e  t r u e .  
 
Propos i t i on  6 :  In  a  s t a r t -up  company ,  change  con t ro l  and  
documen ta t i on  w i l l  be  o f  s econdary  impor tance .  
 
F r o m t h e  a n s w e r s  t o  t h e  d o c u me n ta t i on  ques t i ons  g iven  t o  t he  
p a r t i c i p an t s  i t  b e ca me  c l e a r  t h a t  d o c u me n t a t i o n  w a s  n o t  p r e v a l e n t  i n  
t h e  i n i t i a l  s t a g e s  o f  a  p ro j ec t .  F igu re  13  shows  t he  documen t a t i on  
p r o c e s s  a t  Z y r a y .  I t  i s  c l e a r  f r om th i s  f i gu re  t h a t  c o n c e p t s  w e r e  n o t  
documen t e d .  The  f i na l  so lu t i on  was  documen ted  whe re  nece s sa ry .  
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D o c u me n t a t i o n  b e c a me  n e c e s s a r y  when  de s igns  c ro s sed  func t i ona l  
bounda r i e s .  Sys t em eng inee r i ng  wou l d  d o c u me n t  t h e  s y s t e m d e s i g n .  
T h e  A S I C  d e s i g n e r  w o u l d  d o c u me n t  h i s / h e r  d e s i g n  a s  i t  h a d  t o  b e  
r e v i e w e d  b y  t h e  sy s t e m e n g i n e e r s  a s  w e l l  a s  t h e  f i r mw a r e  e n g i n e e r s .  
D u r i n g  t h e  l a t t e r  p h a s e s  o f  d e v e lo p m e n t ,  t h e  d o c u me n t a t i o n  p r o v i d e d  
w o u l d  t h e n  b e  d r i v e n  b y  w h a t  t he  c u s t o me r s  n e e d e d  t o  kn o w .   
 
A c c o r d i ng  t o  t h e  a n s w e r s  g i v e n  t o  t h e  c h a n ge  c o n t r o l  q u e s t i o ns  i t  i s  
c l e a r  t ha t  c h a n g e s  i n  d o c ume n t a t i o n  w e r e  no t  c o n s i de r e d  t o  be  v e r y  
i mp o r t a n t .  Whe n  Z y r a y  s t a r t e d  u s i ng  Sha repo in t ,  documen t s  we re ,  f o r  
t h e  f i r s t  t i me ,  p u t  i n  a  d a t a b a s e  w h e r e  c h a n ge s  c o u l d  b e  t r a c k e d .  I n  
con t r a s t ,  h a rdware  code  and  f i rmwa r e  w e r e  p u t  i n  a  c h a n g e  c o n t r o l  
d a t a b a s e  f r o m t h e  i n c e p t i o n  o f  t h e  c o mpa n y .  I n  t h e  ma r k e t  s t a g e ,  t h e  
c o mpa n y  s t a r t e d  u s i n g  a  b u g  t r a c k in g  s y s t e m — T e s t  T r a c k  P r o .   A t  
t h i s  p o i n t  c h a n g e s  w e r e  d r i v e n  v i a  a  fo r ma l  p r o c e s s .   
 
W h e n  c o m p a r i n g  t h e  d o c u m e n t a t i o n  b es t  p r a c t i s e  a n d  c h a n g e  c o n t r o l  
c a t e g o r i e s  w i t h  t h e  a v e r a g e s  f o u n d  f o r  t h e  i n d u s t r y  i t  i s  c l e a r  t h a t  
Z y r a y  w a s  w e l l  b e l o w  t h e  a ve r a g e .  
 
Docume n ta t i on  s t a r t ed  w i th  an  ave rage  o f  1 . 45 ,  g r ew  to  1 .80  and  
e n d e d  u p  a t  1 . 8 5 .  T h e  i n d u s t r y  a v e r a g e  i s  2 . 1 8 .  I n  t h e  c o n c e p t / s e e d  
s t a g e  t he  s t a r t - u p  a v e r a g e  w a s  o n e  s t a n d a r d  d e v i a t i on  l o w e r .  T h i s  
a v e r a g e  i m p r o v e d  b u t  e v e n  i n  t h e  l a t t e r  s t a g e s  Z y r a y  s t i l l  w a s  w e l l  
b e l o w  t h e  i n d u s t r y  a v e r a g e  i n  t e r ms  o f  d o c u me n t a t i o n .  
 
T h e  s a me  p a t t e r n  t h a t  w a s  se e n  w i t h  Z y r a y ’ s  d o c u me n t a t i o n  w a s  s e e n  
i n  c h a n g e  c o n t r o l .  Z y r a y  s t a r t e d  a t  1 . 06  and  ended  a t  1 . 3 8 .  B o t h  t h e s e  
ave rages  a r e  we l l  be low  t h e  i n d u s t r y  a v e r a g e  o f  1 . 9 8 .  
 
F r o m  t h e  a n a l y s i s  o f  t h e  e v i d e n c e  i t  i s  c l e a r  t h a t  t h e  c h a n g e  c o n t r o l  
a n d  d o c u me n t a t i o n  b e s t  p r a c t i s e  c a t ego r i e s  we re  o f  s econda ry  
i mp o r t a n c e  t o  t h e  c o mpa n y ,  a n d  t h e re fo r e  t he  p ropos i t i on  i s  p roved  t o  
b e  t r u e .  
 
 
P r o p o s i t i o n  7 :  G o a l s  a n d  m e t r i c s  w i l l  c l os e l y  f o l l o w  i n v e s t o r  o r  
c u s t o m e r  m i l e s t o ne s .  
 
F r o m  t h e  g o a l s  b e s t  p r a c t i s e  c a t e g o r y  t h e  a n s w e r s  g i v e n  b y  t h e  
p a r t i c i p a n t s  i n d i c a t e d  t ha t  b e c a u s e  t h e  c o mp a n y  w a s  v e n t u r e - f u n d e d ,  
e c o n o mi c  c r i t e r i a  i n  s e t t i n g  c o mp a n y  g o a l s  w e r e  o f  t h e  u t mo s t  
i mp o r t a n c e .  T h e  g o a l s  t h e  c o mpa n y  had  t o  work  t owards  we re  ha rd  
e x t e r n a l  mi l e s t o n e s ,  w h i c h  d e ma n d e d  t h a t  t h e  c o mpa n y  p r o d u c t  b e  
shown  a t  t he  3GSM in t e rna t i ona l  co n f e r e n c e  i n  C a n ne s  F r a n c e  i n  
2 0 0 3  a n d  2 0 0 4 .  T h e  a n s w e r s  t o  t h e  p r o d u c t  s t r a t e g y  b e s t  c a t e g o r y  
q u e s t i o n s  p r e s e n t e d  e a r l i e r  a l s o  i n d i c a t e  t h a t  p ro j ec t  f und ing  was  
p r i ma r i l y  b a s e d  o n  p o t e n t i a l  b u s i n es s .  B e c a u s e  t h e  i n v e s t o r s  w e r e  
s u c h  a n  i m p o r t a n t  p a r t  o f  t h e  de c i s i o n - ma k i n g  p r o c e s s  i n  Z y r a y ,  t h e  
t e a m h a d  t o  c l e a r l y  s h o w  h o w  e a c h  p r o j e c t  w o u l d  c o n t r i b u t e  t o  t h e  
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p r o d u c t  b e i n g  d e v e l o p e d .  
 
Z y r a y  e f f e c t i v e l y  o n l y  h a d  o n e  p r o j e c t  t h a t  w o u l d  p r o d u c e  o n e  
p r o d u c t .  T h e  l i n e  b e t w e e n  p r o j e c t  a n d  p r o d u c t  f o r  Z y r a y  w a s  v e r y  
n a r r o w .  
 
T h e  p a r t i c i p a n t s  o f  t h e  q u e s t i o n na i r e  i n d i ca t e d  t h a t  n o t  a  l o t  o f  
me t r i c s  w e r e  l o o k e d  a t  w i t h i n  Z y r ay .  Manageme n t  and  ma r k e t i n g  f e l t  
t h a t  p r o du c t  d e l i ve r y  mi l e s t o n e s  w er e  r e a l l y  t h e  o n l y  me t r i c s  t h a t  
e v e r y o n e  i n  t h e  c o mpa n y  w a s  j u d g e d  a g a i n s t .  M a n a g e m e n t  a n d  
ma r k e t i n g  h a d  t o  k e e p  me t r i c s  o n  t he  budge t  bu t  eng inee r ing  on ly  had  
o n e  me t r i c :  a  s u c c e s s f u l l y  w o r k i n g  p roduc t .  No  me t r i c s  we re  kep t  i n  
t h e  e n g i n e e r i n g  o f  i n t e r me d i a r y  s t e p s  t o w a r d s  t h e  g o a l  o f  p r o d u c i n g  a  
p r o d u c t .  
 
F rom the  da t a  co l l e c t ed  i t  i s  c l e a r  t ha t  t he  p roduc t  goa l  be s t  p r ac t i s e  
c a t e g o r y  f e a t u r e d  v e r y  p r o mi n e n t l y  i n  t he  s t a r t - up .  I t  s t a r t ed  a t  3 . 52  
a n d  i mp r o v e d  t o  3 . 8 6 .  I n  e a c h  c a s e  t h e  v a l u e  i s  s i g n i f i c a n t l y  h i g h e r  
t h a n  t h e  i n d u s t r y  s t a n d a r d  o f  3 . 0 5 .  
 
T h e  me t r i c s  c a t e g o r y  w a s  e x p e c t e dly  l ow  (be tween  1 .43  and  1 .76 )  and  
w e l l  b e l o w  t h e  i n d u s t r y  a v e r a g e  o f  2 . 4 .  
 
F r o m  t h e  d a t a  c o l l e c t e d  i t  i s  c l e a r  t h a t  p r o d u c t  g o a l s  w e r e  a l i g n e d  
w i t h  i n v es t o r  mi l e s t o n e s  wh i l e  me t r i c s  r e f l e c t e d  o n l y  a  me a s u r e me n t  
o f  s u c c e s s  a c c o r d i n g  t o  t h e s e  mi l e s t o n e s .  T h e  p r o p o s i t i o n  p r e s e n t e d  
a b o v e  i s  t h e r e f o r e  t r u e .   
 
P r o p o s i t i o n  8 :  T h e  s t a r t - up  c o m p a ny ’ s  o r g a ni s a t i o n a l  s t r u c t u r e  w i l l  
c h a n g e  a s  t h e  p r o d u c t  g o a l s  c h a n g e .  
 
T h e  i n i t i a l  c o mp a n y  s t r u c t u r e  i n  f i g u r e  8  s h ows  t h a t  t h e  c o mpa n y  w a s  
s t r uc tu r ed  a long  t he  l i ne s  o f  a  c o mpa n y  d e v e l o p i n g  a  c o m p l e t e  
p r o d u c t :  a n  A S I C  t e a m,  a  s y s t e ms  t e a m,  a  l a y e r  1  t e a m,  a  h i g h e r  
l a y e r s  t e a m ,  a  J a v a  t e a m,  a nd  t e s t  and  i n t eg ra t i on  t e am.  
 
I n  f i gu re  9  t he  company  s t ruc tu r e  i n  t he  USA i s  shown .  I t  shows  t ha t  
t h e  J a v a  t e a m h a s  d i s a p p e a r e d  a n d  a  ma r k e t i n g  t e a m h a s  b e e n  a d d e d .  
A t  t h i s  po i n t  t he  c o mpa n y  s t a r t e d  t o  foc u s  o n  d e v e l o p in g  a  c h i p  t h a t  
w o u l d  o n l y  p e r f o r m t h e  l a y e r  1  func t i ons  and  no t  t he  h ighe r  l aye r  
f u n c t i o n s  a s  i n  t he  s e e d  a n d  c o n c e p t  s t a g e .  
 
I n  f i g u r e  1 0  t h e  t e a m h a s  c h a n g e d  a n d  a d d e d  R F  ( r a d i o  f r e q u e n c y )  
a n d  h a r dw a r e  p l a t fo r ms  u n i t s .  A t  t h i s  p o i n t  i n fo r m a t i o n  f r om t h e  
ma r k e t  i n d i c a t e d  t h a t  t h e  c o mp a ny  w o u l d  h a v e  t o  s h o w  t h e  c h i p  
i n t eg ra t ed  w i th  a  r ad io  s ec t i on  on  fo rm  f ac to r  ha rdware .   
 
F i g u r e  1 1  s h o w s  t h e  c o m p a n y  s t r u c t u r e  a f t e r  t h e  c o mpa n y ’ s  f i r s t  
c l i e n t s  w e r e  l a n d e d .  S p e c i f i c  p eo p l e  w e r e  a s s i g n e d  t o  s u p p o r t  
s p e c i f i c  c u s t o me r s .  T h i s  n e w  s t r uc tu r e  was  u sed  t o  enab l e  t he  
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c o mp a n y  t o  d e v e l o p  a  f u l l y  w o r k ing  p roduc t .  A t  t h i s  po in t  t he  goa l  
c h a n g e d  f r o m ma k i n g  a  ch i p  t o  de l i v e r i n g  a  fu l l y  i n t e g r a t e d  a n d  
f i e l d - t e s t e d  s o l u t i o n  t o  a  c u s t o me r .  
 
F r o m t h e  c h a n g i n g  c o mp a n y  s t r u c tu r e  o ve r  t he  l i f e t i me  o f  t h e  
c o mpa n y  i t  i s  e v i de n t  t h a t  t h e  s t r uc tu r e  o f  t he  company  changed  a s  
t h e  p r o d u c t  n e e d s  c h a n g e d .  T h i s  c o u l d  b e  a t t r i b u t e d  t o  t h e  f a c t  t ha t  a s  
t h e  p r o d u c t  d e v e l o p me n t  n e e d s  c h a n g e d ,  p e o p l e ’ s  r o l e s  i n  t h e  
o r g a n i s a t i o n  c h a n g e d  t o  s u p p o r t  t he se  new  needs .  Somebody  i n i t i a l l y  
w r i t i n g  f i r mw a r e  w o u l d ,  i n  l a t e r  p h a s e s ,  b e  d o i n g  f i e l d  t r i a l s  a n d  
s u p p o r t i n g  a  c u s t o me r ’ s  f i e l d  t e s t s .  T h e  c o m p a n y  d i d  n o t  h a v e  a  s e t  
ope ra t i ona l  s t r uc tu r e .  The  compan y  a l s o  h a d  o n l y  o n e  p r o d u c t  t o  
s u p p o r t  a n d  c o u l d  t h e r e f o r e  a d a p t  e a s i l y  t o  s a t i s f y  n e w  r e q u i r e me n t s .  
 
T h e  p r o po s i t i o n  t h a t  t he  o r g a n i s a t i o n ’ s  s t ruc t u r e  cha n g e s  a s  t he  
p r o d u c t  c h a n g e s  i s  t h e r e f o r e  f o u n d  t o  b e  t r u e .  
 
 
P r o p o s i t i o n  9 :  T h e  s t a r t - up  c o m p a ny ’ s  human  re source  deve lopmen t  
w i l l  b e  a s  g o o d  a s  t h e  i n d u s t r y .  
 
A l l  t r a i n i n g  a n d  m e n t o r i n g  w a s  i n f o r ma l .  B e c a u s e  t h e  c o mpa n y  w a s  
sma l l ,  nobody  had  t he  l uxu ry  o f  t ak ing  p a r t  i n  e x t e r n a l  a s s i g n me n t s .  
F o r ma l  t r a i n i n g  w a s  v e r y  l i mi t e d  d u e  t o  c o n s t r a i n t s  o n  m o n e y  a n d  
t i me .  T r a i n i n g  w a s  a t t e n d e d  b u t  i t  w a s  d o n e  o n  a n  a d  h o c  b a s i s .  Th e  
b i g - c o mpa n y  l u x u r y  o f  b e i n g  a b l e  t o  a t t end  r egu l a r  t r a i n ing  p rog rams  
d i d  n o t  e x i s t ,  h o we v e r  p e e r  r ev i e w s  w e r e  h e l d  t o  d e t e r mi n e  
p e r f o r ma n c e .  T h e s e  r e v i e w s  w e r e  u s e d  a s  i n p u t s  f o r  s a l a r y  a n d  s h a r e  
i n c r ea s e s .  
 
Wh i l e  t he  huma n  r e sou rce  be s t  p r ac t i s e  c a t e g or y  s t a r t e d  w i t h  a  l ow  o f  
0 . 6 1 ,  i t  i n c r e a s e d  t o  1 . 6 7  i n  t h e  ma r ke t  p h a s e .  T h i s  s c o r e  i s  o n  p a r  
w i t h  t h e  i n d u s t r y  a v e r a g e  o f  1 . 7 2 .  P e r s o n n e l  f e l t  t h a t  c a r e e r  
d e v e l o p m e n t  a n d  r e c o g n i t i o n  w e r e  e as i l y  a t t a i n e d .  E v e r y o n e  h a d  t o  b e  
w i l l i n g  an d  a b l e  t o  p e r fo r m  a t  h i s / h e r  p e a k  a nd  f e e l  l i ke  t h e y  ma d e  a  
me a s u r a b l e  d i f f e r e n c e .  
 
E v e n  t h o u g h  t h e  c o mp a n y  d i d  n o t  h a v e  a  l o t  o f  t r a i n i n g  o p p o r t u n i t i e s ,  
i n t e r v i e we e s  s t i l l  f e l t  t h a t  t h e  c ompa n y  d i d  w e l l  i n  t e r ms  o f  h u ma n  
r e s o u r c e  d e v e l o p m e n t .   
 
T h i s  p r o p o s i t i o n  i s  t h e r e fo r e  f ound  t o  be  t r ue .
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6.   Resul ts  and Conclus ions  
 
T h e  r e s e a r c h  q u e s t i o n s  w e r e  d e f i n e d  a s  f o l l o w s :  
 
H o w  d o e s  t h e  p r o d u c t  d e v e l o p me n t  p r oc e s s  c ha n g e  o v e r  t h e  l i f e  c y c l e  
o f  t h e  c o m p a n y ?  
 
H o w d o  t h e  b e s t  p r a c t i s e  p r o c e s s e s  i mp l e me n t e d  i n  t h e  i n d u s t r y  
d i f f e r  f r o m t h o s e  i m p l e me n t e d  d u r i ng  t h e  l i f e  c y c l e  o f  t h e  c o mp a n y  
u n d e r  i n v e s t i g a t i o n ?   
 
Why  d o e s  t h e  c om p a n y  i m p l e me n t  b e s t  p r a c t i s e  p r o c e s s e s  a t  a  
s p e c i f i c  t i me  i n  i t s  l i f e  c y c le  a n d  n o t  d u r i n g  o t h e r  t i me s ?  
 
W h a t  s p e c i f i c  b e s t  p r a c t i s e  p r o c e s s e s  a r e  a c c e p t e d  a n d  i mp l e me n t e d  
b y  t h e  c o m p a n y ,  w h y  t h e y  w e r e  c h o s e n  a n d  w h y  w e r e  o t h e r s  n o t .    
 
T h e  D o o l e y  s u r v e y  w a s  t a k e n  a t  t h r e e  p o i n t s  i n  t h e  l i f e  c y c l e  o f  t h e  
c o mpa n y .  I t  s h o we d  h o w  t h e  p r o d uc t  d e v e l o p me n t  p r o c e s s  c h a n g e d  
and  how i t  d i f f e r ed  f rom tha t  o f  t h e  i n dus t r y .  The  r e s u l t s  a r e  
t abu l a t ed  i n  t ab l e  6 .  The  i n fo r ma t io n  i n  t h e  t a b l e  a n swe r s  t h e  f i r s t  
t w o  q u e s t i o n s .  
 
T h e  n e x t  t w o  q u e s t i o n s  a r e  a n s we r e d  b y  t h e  a n a l y s i s  o f  t h e  
p r o p o s i t i o n s  ma d e  i n  t h e  p r e v i o u s  c h a p t e r  a nd  b y  a n a l y s i s  o f  e a c h  
b e s t  p r a c t i s e  c a t e g o r y ,  t o  f o l l o w .  
 
6 .1 .  R e s e a r c h  r e s u l t s  
 
I n  c h a p t e r  3  t h e  t h e o r e t i c a l  f r a me w o r k  o f  t h e  f i e l d  o f  s t u d y  w a s  
p r e s e n t e d  w i t h i n  t h e  c o n te x t  o f  t h e  b e s t  p r a c t i s e  c a t e g or i e s .  T o  
ma i n t a i n  c o n t i n u i t y  t h e  r e su l t s  f o u n d  w i l l  b e  t r e a t e d  w i t h i n  t he  s a me  
c o n t e x t .   
 
6 . 1 . 1 .  C u s t o m e r  i n v o l v e m e n t  
 
F rom Chap t e r  3 . 2 .1  i t  i s  ev iden t  t h a t  cu s tomer  needs  have  t o  be  
a n a l y s e d .  C u s t o me r  n e e d s  a r e  s t u d i e d  t h r o u g h  3  p h a s e s :  d i s c o v e r y ,  
s c o p i n g  a n d  b u s i n e s s  c a s e  b u i l d i n g .  T h e  h o u s e  o f  q u a l i t y  i s  a  t o o l  
u s e d  t o  m a t c h  c u s t o me r  n e e d s  w i th  eng inee r i ng  capab i l i t y .   
Zy ray  d id  no t  i n i t i a l l y  have  a  ma rke t i n g  d e p a r t me n t  o r  a  p e r s o n  w i t h  
ma r k e t i n g  e x p e r i e n c e  t h a t  c o u l d  b u i l d  a  ma r ke t i n g  t e a m.  O n l y  w h e n  
t h e  c o mp a n y  mov e d  t o  t h e  U n i t e d  S t a t e s  a nd  e mp l o y e d  a  s e a s o n e d  
C E O  d i d  t h e  c o mp a n y  e mp l o y  s o me o n e  w i t h  ma r k e t i n g  e x p e r i e n c e .   
 
P r o p o s i t i o n  1  s t a t e d  t h a t  c u s t o me r  i n v o l v e me n t  w o u l d  i n c r e a s e  o v e r  
t h e  l i f e  c y c l e  o f  t h e  s t a r t - u p  c o mpa n y .  T h i s  p r o p o s i t i o n  w a s  f o u n d  t o  
b e  t r u e .  I n i t i a l l y  c u s t o me r  n e e d s  w e r e  i d e n t i f i e d  b y  t h e  f o u n d e r s  a n d  
l a t e r  b y  t h e  ma r k e t i n g  t ea m .  I t  c a n  be  s e e  f r o m  t h e  r e s u l t s  p r o du c e d  
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t h r o u g h  t h e  r e s e a r c h  q u e s t i o n s  t h a t  c u s t o m e r  i n v o l v e me n t  s c o r e s  
i nc r ea sed  ove r  t ime .  
 
O n e  r e a so n  w h y  c u s t o me r  n e e d s  w e r e  b e t t e r  i d e n t i f i e d  o v e r  t i m e  w a s  
t h a t  a s  mor e  p e o p l e  b e c a me  a v a i l a b le  i t  b ecame  pos s ib l e  t o  v i s i t  more  
p o t e n t i a l  c u s t o me r  a n d  i n d u s t r y  l ea d e r s .  W h i l e  t h e  f o u n d e r s  c o u l d  
s p a r e  o n l y  p a r t  o f  t h e i r  t i me  r e s o l v i n g  c u s t ome r  n e e d s ,  t h e  ma r k e t i n g  
d e p a r t me n t  c o u l d  a c t i v e l y  c h a s e  d o w n  c u s t ome r  n e e d s  a s  p a r t  o f  t h e i r  
r e s p o n s i b i l i t i e s .  
 
N o t  e mp l o y i n g  s o me o n e  w i t h  ma r k e t i n g  s k i l l s  c o u l d  h a v e  b e e n  a  
c r i t i c a l  ove r s igh t  on  t he  p a r t  o f  t h e  f o u n d e r s .  I t  i s  a l so  pos s ib l e  t ha t  
i n  t h e  s e e d / c o n c e p t  s t a g e ,  t h e  s t a r t - u p  w a s  c a t e r i n g  t o  a  d i f f e r e n t  
c u s t o me r .  T h e  c u s t o me r s  i n  t h e  i n i t i a l  s t a ge s  o f  t h e  s t a r t - u p  w e r e  t h e  
v e n t u r e  c a p i t a l i s t s .  T h e  s t a r t - u p  h a d  t o  g e t  m o n e y  f r o m  i n v e s t o r s  a n d  
t h e r e f o r e  t h e  p r od u c t  w a s  d e f i n e d  f r o m  t h e  n e e d s  o f  t h e  i n ve s t o r s  
r a t h e r  t h a n  f r o m  a c t u a l  c u s t o m e r s .   
 
T h e  p r o b l e m w i t h  t h i s  a p pr o a c h  o f  c a t e r i n g  o n l y  t o  t h e  n e e d s  o f  t h e  
v e n t u r e  c a p i t a l i s t s  w a s  t h a t  t he  s t a r t - u p  w a s  n o t  f o c u s e d  o n  a  
r e a s o n a b l e  g o a l .  I n i t i a l l y ,  Z y r a y  w a s  g o i n g  t o  b u i l d  a n  e n t i r e  p h o n e .  
T h e  p r o b l e m w a s  t h a t  t h i s  w a s  w h a t  i nves to r s  wan t ed  t o  hea r ,  and  a s  
a  r e s u l t  t h a t  w a s  w h a t  t h e y  w e r e  ‘ s o l d ’ .  I n  l a t e r  s t a g e s ,  h o w e v e r ,  t h e  
focus  sh i f t ed  t o  t he  r ea l  cu s tomer s  who  wou ld  buy  a  p roduc t  r a t he r  
t h a n  t h e  p r o mi s e  o f  a  p r o d u c t .  F o r tu n a t e l y  f o r  Z y r a y  t h e y  ma n a g e d  t o  
s e l l  t o  t he  i n v e s t o r s  a s  w e l l  a s  r e a l  cu s tomer s .   
 
6 . 1 . 2 .  P r o j e c t  s e l e c t i o n  
 
P r o j e c t  g a t e s  w e r e  i n t r o d u c e d  i n  c h a p t e r  3 . 2 . 2  a s  a  m e t h o d  b y  w h i c h  
p r o j e c t s  w e r e  s e l e c t e d .  A t  e v e r y  s t a g e  o f  t h e  p r o d u c t  l i f e  c y c l e  g a t e  
mee t i ngs  we re  he ld  t o  de t e rmine  w h e t h e r  t h e  p r o j e c t  shou ld  con t i nue  
o r  n o t .  V a r i o u s  c r i t e r i a  c an  be  u sed  t o  j udge  w h e t h e r  t h e  p r o j e c t  
s h o u l d  p r o c e e d  o r  n o t .  T h e s e  t e c h n iqu e s  c o u l d  b e  c o mp a n y  s t r a t e g y  
f i t ,  f i n a n c i a l  me t h o d s  o r  p r o d u c t  p o r t f o l i o  t e c h n i q u e s .  
 
T h e  p r o po s i t i o n  ( p r o p o s i t i o n  2 )  ma d e  w a s  t h a t  t h e  s t a r t - u p  c om p a n y  
w o u l d  b e  f o r c e d  t o  ma k e  g a t i ng  dec i s i ons .  Th i s  p ropos i t i on  was  
f o u n d  t o  b e  t r u e .  Z y r a y  s t a r t e d  w i t h  a  mu c h  b r o a d e r  s c o p e  t o  i t s  
p r o d u c t .  O v e r  t i me ,  a n d  p a r t i c u l a r l y  a f t e r  e mp l o y i n g  a  C E O  a n d  v i c e  
p r e s i d e n t  o f  ma r k e t i n g ,  t h e  s c o p e  o f  t h e  p r o j e c t  b e c a me  mo r e  
f o c u s e d .  T h e  ma j o r  d r i v i n g  f o r c e  t o  t h i s  c h a n g e  o f  s c o p e  w a s  f o u n d  
t o  b e  e c ono mi c  c r i t e r i a .  R e so u r c e s  d ro v e  e c o no mi c  c r i t e r i a  a v a i l a b l e  
i n  t h e  c u r r e n t  b u d g e t .  
 
T h e  s t a r t - u p  c o mp a n y  d i d  n o t  h a v e  a  f o r ma l  s t a g e  g a t e  p r o c e s s  i n  
p l a c e ,  h ow e v e r  v a r i o u s  e v e n t s  i n  t h e  c o mp a n y ’ s  l i f e  c yc l e  f o r c e d  t h e  
p r o j e c t  g a t i n g  e v e n t s  t o  b e  o n  a n  a d  h o c  b a s i s .  S o me  r u n n i n g  p r o j e c t s  
w e r e  s t o pp e d  a f t e r  ‘ g a t i n g ’  e v e n t s .  O n e  s u c h  e v e n t  ( a s  s t a t e d  e a r l i e r )  
w a s  a t  t h e  e x p a n s i o n  o f  t h e  ma n a g eme n t  t e a m .  T h i s  c o i n c i de d  w i t h  
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t h e  t i me  w h e n  t h e  c o mpa n y  a l r e a d y  h a d  i n v e s t me n t  c a p i t a l  a n d  h a d  t o  
a n a l y s e  wh e t h e r  t he  i n i t i a l  p r o j e c t  goa l s  w e r e  a c h i e v a b l e .   
 
No  s i gn i f i c an t  changes  we re  ma de  t o  t h e  p r od u c t  r o a dma p  fo l l o w i n g  
t h i s  g a t i n g  e v e n t .  N o  f o r ma l  p r o c e s s e s  w e r e  e v e r  i m p l e me n t e d  t o  
h a v e  s p e c i f i c  g a t i n g  me e t i n g s  f o r  v a r i o u s  p r o j e c t s .  Th e  ma n a g e me n t  
t e am and  t he  boa rd ,  howeve r ,  con t i nuous ly  l ooked  a t  wha t  t he  
company  was  do ing  and  how va r ious  p r o j ec t s  f i t  i n  w i t h  a t t a i n i ng  t h e  
mi l e s t o n e s .   
 
I t  was  t he re fo re  f ound  t ha t  b ecause  t he  company  on l y  had  one  
p r o d u c t ,  t h e  p r o j e c t  s e l e c t i o n  p ro c e s s  w a s  n e v e r  f o r m a l i s e d .  T h e  
i n f o r m a l  p r o j e c t  s e l e c t i o n  p r oc e s s ,  h o w e v e r ,  h a d  e c o n o m i c  c r i t e r i a  
a s  i t s  b i g g e s t  d r i v i n g  f a c t o r .  
 
6 . 1 . 3 .  P r o d u c t  s t r a t e g y  
 
F rom chap t e r  3 . 2 . 3  i t  i s  c l e a r  t ha t  t h e  c o mpa n y  h a d  t o  ma n a g e  i t s  
p r o d u c t  p o r t f o l i o  u s i n g  t h r e e  d i f f e r e n t  me t r i c s .  T h e  f i r s t  me t r i c  w a s  
v a l u e  ma x i mi z a t i on ,  w h i c h  e n t a i l s  t h e  f i n a n c i a l  me a su r e me n t s .  T h e  
s e c o n d  w a s  b a l a n c e ;  t h i s  i m p l i e s  t ha t  t h e  c o m p a n y  p r o d u c t  p o r t f o l i o  
h a s  t o  b e  c o r r e c t .  T h e  t h i r d  w a s  s t r a t e g i c  d i r e c t i o n ,  w h i c h  
e n c o mp a s s e s  t h e  f i t  o f  p r o d u c t s  w i t h  t h e  s t r a t e g y  o f  t h e  c o mp a n y .  
 
The  s co re s  f o r  t he  p roduc t  s t r a t egy  be s t  p r ac t i s e  c a t ego ry  improved  
o v e r  t h e  l i f e  c y c l e  o f  t h e  c o mpa n y .  T h e  s c o r e  i n c r e a s e d  f r om a n  
i n i t i a l  2 . 3 3  t o  a  3 . 0 3  a n d  f i n a l l y  t o  a  3 . 0 4 .  T h e  i n d u s t r y  a v e r a g e  w a s  
2 . 7 ,  i n d i c a t i n g  t h a t  t h e  c o m p a n y ’ s  s t r a t e g y  w a s  a b o v e  a v e r a g e  f o r  
m o s t  i t s  l i f e  c y c l e .   
 
F r o m t h e  a n s w e r s  g i v e n  t o  t h e  q u e s t i ons  abou t  p roduc t  s t r a t egy  i t  i s  
c l e a r  t ha t  t h i s  c a t e g o ry  was  one  o f  t he  mos t  i m p o r t a n t  c a t e g or i e s  fo r  
t h e  c o mp a n y .  M a n a g e me n t  c l o s e l y  f o l l o w e d  t h e  p r o g r e s s  o f  p r o j e c t s  
a n d  ma d e  s u r e  t h a t  a l l  f u n d i n g  c on s t r a i n t s  w e r e  a dhe red  t o .  Peop l e  
a g r e e d  t h a t  p r o j e c t  f u n d i n g  w a s  ba sed  exc lu s ive ly  on  po t en t i a l  
c o n t r i b u t i o n  t o  b u s i n e s s .  Al l  p r o j e c t s  w i t h i n  t h e  c o m p a n y  w e r e  d o n e  
t o  f u r the r  t he  p rogre s s  o f  t he  one  p roduc t  be ing  deve loped .  The  
p r o d u c t  p o r t f o l i o  c o n s i s t e d  o f  a  s i n g l e  p r o d u c t .   
 
M a r k e t  r e s e a r c h  w a s  p e r f o r me d  a n d  u s e d  a s  i n p u t  fo r  t h e  p r o d u c t  
r e q u i r e m e n t s .  T h e  p r o d u c t  r e q u i r e m e n t s  w e r e  a g a i n  a l i g n e d  w i t h  t h e  
c o mp a n y  s t r a t e gy .  T h e  o r i g i n a l  c om p a n y  s t r a t e g y  w a s  t o  b u i l d  t h e  
s p e c i f i c  p r o d u c t .  A t  t h i s  p o i n t  t he  c o mp a n y  s t r a t e g y  w a s  t o  e n a b l e  
WCDMA in  nex t  gene ra t i on  ce l l  phone s .  T h e  p r o d u c t  t o  b e  d e v e l o p e d  
w a s  a  W C D M A  c h i p ,  t h e  p r o d u c t  a n d  p ro j e c t  s t r a t e g i e s  w e r e  o n e  a n d  
t h e  s a me  .  
 
T h e  s t a r t - u p  c o mpa n y  c l ose l y  f o l l ow e d  t h e  t h r e e  d i f f e r e n t  me t r i c s  
g i v e n  b y  R o b e r t  C o o p e r  ( 1 9 9 9 : 1 8 9 ) .  Zyray  showed  t ha t  choos ing  t he  
cor rec t  p roduc t  and  company  s t ra t egy  a n d  t h e n  a l i g n i n g  a l l  r e s o u r c e s  
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w i t h  t h e  p r o d u c t  d e v e l o pm e n t  o f  t h i s  p r o d u c t  a r e  n e c e s s a r y  t o  
a c h i e v e  su c c e s s .  
 
6 . 1 . 4 .  C o n c e p t  d e s i g n  
 
I n  c h a p t e r  3 . 2 . 4  i t  w a s  l ea r n e d  t h a t  c o n c e p t s  cou ld  be  gene ra t ed  f rom 
ma n y  d i f f e r e n t  s o u r c e s  ( c u s t o mer s ,  emp loyees ,  t e chno logy ) .  The  
c o n c e p t  d e s i g n  c o u l d  a l s o  ma n i f e s t  i n  ma n y  d i f f e r e n t  f o r ms :  
b r o c h u r e s ,  v i r t u a l  p r o t o t y p e s ,  mo ck -ups ,  d r awings  o r  a  c l e a r l y  
w r i t t e n  de s c r i p t i on .  
 
The  concep t  de s ign  shou ld ,  howeve r ,  a n s w e r  s o m e  f u n d a me n t a l  
q u e s t i o n s  i n c l u d i ng :  w h a t  t h e  c u s t ome r  i s  i n t e r e s t e d  i n ,  w h i c h  f a c e t s  
t h e  c u s t ome r  l i k e s  a n d  d i s l i k e s ,  h o w  t h e  c o mp a n y  i s  r a t e d  a g a i n s t  t he  
c o mp e t i t i o n ,  w h a t  p r i c e  t h e  c u s t ome r  e x p e c t s  t o  p a y  a n d  w h a t  
p o s i t i on i n g  s t r a t eg y  i n fo r m a t i o n  i s  ne e d e d .  
 
T h e  p r o p o s i t i o n  w a s  ma d e  t h a t  c o n c e p t  de s i g n  w o u l d  mos t l y  be  
p e r f o r me d  b y  ma r k e t i n g  a s  t h e r e  w o u l d  n o t  b e  e n o u g h  r e s o u r c e s  
a v a i l a b l e  t o  ma k e  mo r e  c o mp l e x  p r o t o t y p e s .  M a r k e t i n g  s o l i c i t e d  
i n f o r ma t i o n  f r o m v a r i o u s  s o u r c e s .  The s e  s o u r c e s  i n c l u d e d  n e t w o r k  
o p e r a t o r s ,  p h o n e  ma n u f a c t u r e r s  a n d  s u p p l i e r s .  Th e  i n f o r ma t i o n  
g a i n e d  f r o m t h e s e  s o u r c e s  w a s  u s e d  t o  c r e a t e  t h e  c o m p a n y  s t r a t e gy  
a n d  p r o d u c t  r o a d ma p .  T h e  p r o p o s i t i o n  t h a t  ma r k e t i n g  d o mi n a t e d  t h e  
c o n c e p t  d e s i g n  w a s  f o u n d  t o  b e  t r u e .  
 
T h i s  ma r k e t i n g - do mi n a t e d  c o n c e p t  d e s i g n  c r e a t e d  a  s u c ce s s f u l  
s t r a t e g y .  T h e  c o m p a n y  s t r a t e g y  w a s  t a k e n  t o  i n v e s t o r s  a n d  p o t e n t i a l  
c l i e n t s  t h a t  n e e d e d  t h e  t e c h n o lo g y  Z y r a y  p r o v i d e d .  Wh e n  Z y r a y  
b r o u g h t  o u t  i t s  f i r s t  c h i p  t h e y  a l s o  s i g n e d  a  c o - o p e r a t i o n  a g r e e me n t  
w i t h  t h e i r  f i r s t  c l i e n t .  T h e  p r o d u c t  f i t  t h e  n e e d s  o f  t h e  c l i e n t s  t h e  
company  was  t a rge t i ng  pe r f ec t l y .  The  company  cou ld  on ly  have  
f o r mu l a t e d  a  s u c c e s s f u l  s t r a t e g y  b y  g a t h e r i n g  t h e  c o r r e c t  i n f o r ma t i o n .  
H a v i n g  ma r k e t i n g  t a k e  t h e  c o n c e p t  p r o d u c t  s t r a t e g y  t o  t h e  c o r r e c t  
c l i e n t s  p r o v e d  t o  b e  e s s e n t i a l  t o  t he  s u c c e s s  o f  t h e  c o mpa n y .  A s  a  
r e s u l t  o f  Z y r a y  d e l i v e r i n g  t h e  co r r ec t  p roduc t  t o  t he  ma rke t ,  
B roadcom f i na l l y  a cqu i r ed  Zy ray .   
 
T h e  c o n c e p t  s t r a t e g y  w a s  f o r mu l a t e d  i n  t h e  s e c o n d  h a l f  o f  2 0 0 1  a n d  
i mp l e me n t e d  a s  c o m p a n y  s t r a t e g y  s oo n  a f t e r  t h i s .  T h e  c o mp a n y  c o u l d  
f o c u s  i t s  r e s o u r c e s  f r o m t h i s  p o in t  f o r w a r d  o n  d e l i v e r i n g  a  p r o d u c t .  
T h e  S P I N N E R  c h i p  1 . 0  w a s  d e l i v e r e d  a t  t h e  e n d  o f  2 0 0 2 .  S P I N N E R  
1 . 1  c h i p  f o l l o w e d  a t  t h e  e n d  o f  2 0 0 3  a n d  t h e  c o m p a n y  w a s  a c q u i r e d  i n  
2004 .  
 
Z y r a y ’ s  s u c c e s s  w a s  t h e r e f o r e  p l o t t e d  i n  2 0 0 1  b y  t h e  s u c c e s s f u l l  
p red i c t i on  o f  wha t  t he  marke t  wou ld  wan t  3  y ear s  l a t e r .  The  concep t  
d e s i g n  f o r mu l a t e d  e a r l y  o n  w o u l d  d e f i n e  t h e  s t r a t e g y  o f  t h e  c o m p a ny  
f o r  y e a r s  t o  c o me .  
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6 .1 .5 .  T e c h n o l o g i c a l  l e ade r s h i p  
 
T h e  p r o po s i t i o n  ma d e  w a s  t h a t  t he  s t a r t - up  c o mpa n y  w o u l d  b e  a  
t e c h n o l o gy  f o l l o w e r  a n d  n o t  a  l e a d e r .  T h i s  p r op o s i t i on  w a s  f o u n d  t o  
b e  t r u e  a s  t h e  c o m p a n y  d i d  n o t  h a v e  e n o u g h  r e s o u r c e s  t o  d r i v e  t h e  
i n d u s t r y .  F r o m t h e  d a t a  g a t h e r e d  and  t he  ave rages  found  Zyray  was  
r i g h t  o n  t h e  a v e r a g e  f o r  t h e  i n d u s t r y .  
 
F rom chap t e r  3 . 2 . 5  a  t e chno logy  ba l ance  shee t  was  s a id  t o  be  an  
i mp o r t a n t  p a r t  o f  t h e  c o m p a n y ’ s  s t r a t egy .  The  company  had  t o  
d e v e l o p  s u p e r i o r  p r o d u c t s  u s i n g  t e chno logy ,  adhe r ing  t o  i ndus t ry  
s t a n d a r ds  a n d  h i r i n g  c o mp e t e n t  p e o p l e  s o  t ha t  c o mp e t i t i v e  a d v a n t a g e  
c o u l d  b e  b u i l t  a n d  s u s t a i ne d .  
 
The  s t a r t - up  company  had  t o  be  ev a lua t ed  aga in s t  o the r  s t a r t - up  
c o mp a n i e s .  T o w a r d s  t h e  l a s t  ye a r  a n d  a  h a l f  o f  t h e  c o mp a n y ’ s  
e x i s t e n c e  t h e  c om p a n y  s t a r t e d  t o  e mp l o y  p e o p l e  w i t h  r e l e v a n t  
k n o w l e d g e  f r o m o t h e r  f a i l e d  s t a r t - u p  c o mpa n i e s  i n  t h e  s a me  f i e l d .   
 
Zy ray  ma naged  t o  r un  a  t i gh t  s chedu l e  on  t he  eng inee r ing  f ron t  and  
n e v e r  mi s s e d  a  mi l e s t o n e .  B o t h  c h i p s  p r o d uc e d  b y  t he  c o mpa n y  a l so  
worked .  I f  any  o f  t he  ch ip s  had  f a i l e d  t h e  c o m p a n y  w o u l d  h a v e  b e e n  
i n  s e r i o u s  t r o u b l e  a n d  v e r y  c l o s e  t o  p e r ma n e n t l y  c l o s i n g  i t s  d o o r s .  
M a k i n g  a  c h i p  i s  v e r y  e x p e n s i v e  a n d  b a l a n c e  h a s  t o  b e  k e p t  b e t w e e n  
ma k ing  a  ch ip  and  deve lop ing  more  ma tu r e  t e chno logy  t o  pu t  i n  t he  
c h i p .  T h e  r i s k  i n c r e a s e s  i f  t h e  d i f f e r e n c e s  b e t w e e n  c h i p s  a r e  b i g g e r .  
S P I N N E R  1 . 1  e n d e d  u p  b e i n g  n e t wo r k  t e s t ed  i n s ide  a  comme r c i a l  
p h o n e .  
 
Z y r a y  t h e r e f o r e  d e v e l o p e d  o n e  t e s t  c h i p  a n d  t h e  s e c o n d  c h i p  h a d  t o  
b e  g o o d  e n o u g h  t o  p u t  i n  a  c o m m e r c i a l  p r o d u c t .  Z y r a y  s e t  t h e  b a r  fo r  
a l l  o t h e r  s t a r t - u p s  i n  t h e  s ame  f i e l d .  Wh e n  t a k i n g  t h e  c o mp l e x i t y  o f  
W C D M A  i n t o  a c c o u n t  t h i s  i s  a  p h e n o me n a l  a c h i e v e me n t .  Whe n  t h e  
c o mpa n y  s t a r t e d  n o  3 G  n e t wo r k s  e x i s t e d ,  i n  2 0 0 3  a n d  2 0 0 4  t e s t  3 G  
ne tworks  s t a r t ed  up  i n  Eu rope  w i t h  s o me  c o m me r c i a l  n e t w o r k s  
f o l l o w i n g .  J u s t  c o m p a r i n g  t h e  384  kbps  down load  speeds  ove r  a  
w i r e l e s s  c o n n e c t i o n  w i t h  a  d i a l  u p  m o d e m  a t  5 6  k b p s  s h o u l d  a l r e a d y  
g ive  an  i nd i ca t i on  o f  t he  l eve l  o f  comp lex i t y  o f  t he  t e chno logy .  
 
 
6 . 1 . 6 .  D o c u m e n t a t i o n  
 
I n  chap t e r  3 . 2 . 6  i t  was  no t ed  t ha t  docume n ta t i on  fo rms  pa r t  o f  t he  
b i g g e r  k n o w l e d g e  ma n a g e me n t  p r o c e s s  i n  t h e  c o m p a n y .  T h e  
o r g a n i s a t i o n  h a s  t o  l e a r n  a n d  k n o w l e d g e  h a s  t o  b e  t r a n s f e r r e d  
t h roughou t  t he  o rgan i s a t i on .   
 
D o c u me n t a t i o n  s t a r t s  a t  t h e  f i r s t  p h a s e s  o f  t h e  l i f e  c y c l e  o f  t h e  
p r o d u c t  a n d  c o n t i n u e s  t h o u g h  o u t  t h e  l i f e  o f  t h e  p r o d u c t .   
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P r o p o s i t i o n  6  s t a t e d  t h a t  d oc u me n t a t i o n  a n d  c h a n g e  c o n t r o l  w i l l  be  o f  
s e c o n d a r y  i mp o r t a n c e .  F r om t h e  e v i d e n c e  ga t h e r e d  i t  b e c a me  c l e a r  
t h a t  d o c u me n t a t i o n  w a s  n o t  k e p t  i n  t h e  e a r l y  s t a g e s  o f  t h e  p r o j e c t .  I t  
w a s  f o u n d  t h a t  on l y  t he  n e c e s s a r y  d o c u me n t a t i o n  w a s  k e p t .  T h e  
a v e r a g e s  f o r  d o c u me n t a t i o n  q u e s t i o n s  w e r e  w e l l  b e l o w  t h e  i n d u s t r y  
a v e r a g e .  T h e  d o c u me n t a t i o n  s c o r e s  s t a r t e d  a t  1 . 4 5 ,  i n c r e a s e d  t o  1 . 8 0  
a n d  f i n i s h e d  a t  1 . 8 5 .  T h e  i n d u s t r y  a v e r a g e  w a s  2 . 1 8 .  T h e  p r o p o s i t i o n  
w a s  f o u n d  t o  b e  t r u e .  
 
T h e  r e a s o n  f o r  t h e  n e g l e c t i n g  o f  d o cu me n t a t i o n  c o u l d  b e  a t t r i b u t e d  t o  
r e s o u r c e s .  T e c h n i c a l  mi l e s t o n e s  d rove  t he  budge t  o f  t he  s t a r t - up .  
Any th ing  t ha t  d id  no t  show an  i mme d i a t e  a d v a n t a ge  i n  t h e  s t a r t - u p  
w a s  o f  s e c o n d a r y  i m p o r t a n c e .  T h e  s t a r t - u p  d i d  n o t  h a v e  a  d e p a r t me n t  
o r  a  p e r s o n  e x c l u s i v e l y  a s s i g n e d  t o  hand l i ng  docume n ta t i on  i s sue s .  
 
V a r i o u s  d a t a b a s e s  w e r e  u s e d  b y  t he  s t a r t - up  t o  ma ke  documen t a t i on  
ea s i e r .  The  f i r s t  p roduc t  u sed  was  DOORS.  T h i s  da t abase  sy s t em i s  
d e t a i l e d  i n  t h e  t o o l s  a p p e n d i x  c ha p t e r  1 . 3 .  T h e  c o mp a n y ’ s  e n g i n e e r s ,  
h o w e v e r ,  n e v e r  a c c e p t e d  t h i s  t o o l  a s  i t  f o r c e d  t h e  us e r  t o  u se  a  n e w 
s y s t e m i n s t e a d  o f  M i c r o s o f t  O f f i c e  p r o d u c t s .  T h e  t o o l  t h a t  f o l l o w e d  
DOORS,  ca l l ed  Sha repo in t ,  was  f rom M i c r o s o f t .  S h a r e p o i n t  i s  
d e t a i l e d  i n  t h e  t o o l s  a p p e n d i x  c h a p t e r  1 . 1 .  T h e  S h a r e p o i n t  p r o g r a m 
p r o v e d  t o  b e  s u c c e s s f u l  a s  i t  e n a b l e d  t h e  u s e r s  t o  u s e  t h e  p r o g r a ms  
t h e y  k n e w  i n  o r d e r  t o  g e n e r a t e  a n d  ma n a g e  d o c u me n t a t i o n .   
 
T h e  t y p e s  o f  d o c u m e n t a t i o n  t h a t  t he  c o m p a n y  c o u l d  n o t  l i v e  w i t h o u t  
w e r e :  W C D M A  s y s t e m  d e s i g n  spec i f i ca t i ons ,  AS IC  des ign  
spec i f i ca t i ons  (u sed  a s  i npu t  by  t he  ch ip  manu fac tu re r )  and  
d o c u m e n t a t i o n  d e t a i l i n g  t h e  i n t e r f a c e  o f  t h e  p r o d u c t  t o  c l i e n t s .   
 
6 . 1 . 7 .  C h a n g e  c o n t r o l  
 
C h a n g e  c o n t r o l ,  a s  d o c u me n t a t i o n ,  i s  p a r t  o f  t h e  k n o w l e d g e  
ma n a g e m e n t  o f  t h e  c o mp a n y .  I t  w a s  n o t e d  i n  c h a p t e r  3 . 2 . 7  t h a t  
c h a n g e  c o n t r o l  h a s  t o  b e  i m p l e me n te d  o v e r  t h e  w h o l e  l i f e  c y c l e  o f  t h e  
c o mpa n y .  C h a n g e  c o n t r o l  s h o u l d  e na b l e  e n g i n e e r i n g ,  ma n u f a c t u r i n g  
a n d  ma r k e t i n g  t o  e n t e r  a  c h a n g e  r e q ue s t  a n d  t h e  e f f e c t s  o f  t h e  c h a n g e  
r e q u e s t  sh o u l d  c l e a r l y  b e  i d e n t i f i e d .  R e s o u r c e s  s h o u l d  b e  mo b i l i z e d  
t o  t a k e  c a r e  o f  t h e  c h a n g e  r e q u e s t .  
 
P r o p o s i t i o n  6  s t a t e d  t h a t  d o c u me n t a t i o n  and  c h a n g e  c o n t r o l  w o u l d  b e  
o f  s e c o n d a r y  i mp o r t a n c e .  T h e  a v e r a g e  f o r  c h a n g e  c o n t r o l  w a s  f o u n d  
t o  be  we l l  be low  the  i ndus t ry  ave rage  o f  1 . 98 .  I t  s t a r t ed  a t  1 . 06  and  
t h e n  mov e d  t o  a n d  s t a y e d  a t  1 . 3 8 .  A s  s t a t e d  e a r l i e r  t h i s  p r o p o s i t i on  
w a s  f o u n d  t o  b e  t r u e .  
 
T h e  b i g g e s t  i n f l u e n c e  o n  c h a n g e  c o n t r o l  i n  t h e  c o mpa n y  w a s  t h e  u s e  
o f  a  change  r eques t  o r  bug  t r a ck ing  s y s t e m.  T h e  c om p a n y  c h o s e  t o  
u s e  a  p r od u c t  c a l l e d  T e s t  T r a c k  P r o .  T h e  t o o l  i s  de t a i l e d  i n  t h e  t o o l s  
a p p e n d i x  c h a p t e r  1 . 2 .   
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C h a n g e  r e q u e s t s  c a n  b e  e n t e r e d  i n t o  t h e  d a t a b a s e  a n d  a  r e s p o n s i b l e  
p e r s o n  c a n  t h e n  b e  a s s i g n e d  t o  r e s o l v e  t h e  c ha n g e  r e que s t .  Wh e n  i t  
c a me  t o  a c t u a l  i n t e l l e c t u a l  p r o p e r t y ,  eve ry th ing  was  d iv ided  i n to  two  
c a t e g or i e s .  T h e  f i r s t  c a t e go r y  w a s  a l l  s o u r c e  c o d e — b e  i t  f i r m w a r e ,  
h a r d w a r e  o r  ma t h e ma t i c a l  mo d e l s .  T h i s  w a s  k e p t  i n  a  f r e e w a r e  
r epos i t o ry  ca l l ed  CVS.  Ev e ry th ing  e l s e  was  kep t  i n  t h e  p r e v i o u s l y  
me n t i o n e d  S h a r e p o i n t  d a t a b a s e .   
 
The  ba l ance  o f  t he  docume n ta t i on  kep t  w a s  t e c h n i c a l  d o c u me n t a t i o n .  
A l t h o u g h  ma r k e t i n g  a n d  ma n a g e m e n t  k e p t  i n f o r ma t i o n  t h e  c h a n g e  
c o n t r o l  s y s t e m o n l y  a p p l i e d  t o  e n g i n e e r i n g .   
 
C h a n g e  c o n t r o l  a nd  d o c u me n t a t i o n  be c a me  m o r e  n e c e s s a r y  t he  m o r e  
c l i e n t s  t he  c o mpa n y  a q u i r e d .  M a n y  doc u me n t a t i o n  e f f o r t s  w e r e  d r i v e n  
b y  t h e  r e q u i r e me n t s  o f  t h e  c l i e n t .  T h e  b u g  t r a c k i n g  s y s t e m b e c a me  
n e c e s s a r y  t h e  mo m e n t  t h e  e n g i n e e r i ng  d e p a r t me n t  s t a r t e d  d e v e l o p i n g  
t h e  p r o d u c t  a n d  s u p p o r t i n g  t h e  p r o d u c t  a t  t h e  c l i en t  l eve l .  P r ev ious ly  
one  pe r son  cou ld  keep  t r a ck  o f  a l l  t he  changes  and  a l l  t he  r e spons ib l e  
peop l e ,  t h i s  howeve r  became  i mpo s s i b l e  w h e n  t h e  c o mpa n y  h a d  t o  
s t a r t  s u p p o r t i n g  c l i e n t s .  
 
T h e r e  i s  n o  d o u b t  t h a t  a  s uc c e s s f u l  c omp a n y  h a s  t o  h a v e  a  s y s t e m  i n  
p l a c e  t o  t r a c k  c h a n g e s  a n d  t o  k e e p  i n f o r ma t i o n .  T h e  m o s t  i m p o r t a n t  
s t e p  o f  suc h  a  s y s t e m  i n  t h e  s p e c i f i c  s t a r t - u p  w a s  t o  g e t  a l l  t h e  
eng inee r s  t o  agree  t o  u se  t he  chosen  t oo l s .  T h e  e ng i n e e r s  i n  t h e  
c o mp a n y  d i d  n o t  a g r e e  t o  us e  D O O R S  b e c a u s e  i t  w a s  c u mb e r s o me ,  
h o w e v e r  t h e  mo m e n t  t h e  c o mpa n y  s t a r t e d  u s i n g  t o o l s  t h a t  t r u l y  
h e l p e d  t h e  p r o c e s s  a n d  d i d  n o t  g e t  i n  t h e  w a y  o f  p e o p l e  d o i n g  t h e  r e a l  
e n g i n e e r i n g  w o r k ,  t h e  t o o l  w a s  a c c e p t e d  a n d  u s e d .  
 
C h a n g e  c o n t r o l  w a s  e x c l u s i v e l y  i mp l e m e n t e d  f o r  t h e  e n g i ne e r i ng  
f u n c t i o n  s t a r t i n g  i n  t h e  p r o d u c t - d e v e lop ing  phase .  No  change  con t ro l  
w a s  k e p t  f o r  c o n c e p t s  o r  m a r k e t i n g .  
 
6 . 1 . 8 .  Produc t  goa l s  and  metr i c s  
 
I n  c h a p t e r  3 . 2 . 8  t h e  s t a t e me n t  i s  mad e  t h a t  p r o p e r  me t r i c s  mus t  b e  
s e l e c t e d  t o  me a s u r e  p r o c e s s ,  p ro j ec t  and  p roduc t  pe r fo r mance .  The  
me t r i c s  w i l l  e nab l e  t he  o r g a n i s a t i o n  t o  s e t  g o a l s  a n d  t o  me a s u r e  
w h e t h e r  t h e  g o a l s  h a v e  b e e n  a c h i ev e d .  P r o j e c t  me t r i c s  me a s u r e s  t h e  
s c h e d u l e  a n d  c o s t  p e r f o r ma n c e  o f  t h e  p r o j e c t .  P ro d u c t  m e t r i c s ,  
me a s u r e  h o w  w e l l  t h e  p r o d u c t  p e r f o r ms  i n  t h e  f i e l d .  
 
P r o p o s i t i o n  7  s t a t e d  t h a t  g o a l s  and  me t r i c s  wou ld  c lo se ly  fo l l ow  
i n v e s t o r  mi l e s t o n e s .  E x t e r n a l  a n d  i n t e r n a l  d e v e l o p me n t  g o a l s  w e r e  
a l i g n e d  w i t h  i n ve s t o r  mi l e s t o ne s .  I f  t h e  c o mp a n y  a c h i e ve d  a  
mi l e s t o n e ,  t h e  i n v e s t o r s  w o u l d  c on t i nue  i nves t i ng .  The  p ropos i t i on  
w a s  f o u n d  t o  b e  t r u e .  
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  KKooeekkeemmooeerr,,  PP    ((22000055))  



 124

F r o m t h e  a v e r a g e s  f o u n d  i t  i s  e v i de n t  t h a t  me t r i c s  a n d  g o a l s  w e r e  
a p p r o a c h e d  q u i t e  d i f f e r e n t l y  i n  t h e  s t a r t - u p  t h a n  i n  t h e  i n d u s t r y .  
Me t r i c s  s co red  ve ry  l ow  in  t he  s t a r t - up ,  s t a r t i ng  a t  1 . 43 ,  go ing  t o  
1 .71  and  end ing  a t  1 . 76 .  The  i ndus t ry  s t anda rd  fo r  me t r i c s  i s  s e t  a t  
2 . 4 .  P roduc t  goa l s ,  howeve r ,  s co red  h igh ly ,  s t a r t i ng  a t  3 . 52  and  
end ing  a t  3 . 86 .  The  i ndus t ry  ave r age  i s  3 . 05 .  
 
T h e  s t a g e  g a t e  p r oc e s s  o u t l i n e d  i n  c h a p t e r  2 . 8  o u t l i ne d  g a t e  me e t i n g s  
f o r  t h e  v a r i o u s  p r o j e c t s  i n  t h e  c o mp a n y .  A t  t h e s e  g a t e  me e t i n g s  t h e  
p r o j e c t  m e t r i c s  w er e  e v a l u a t e d  a nd  ‘go /no -go ’  dec i s i ons  we re  made .  
T h e  me t r i c s  c o u l d  b e  f i n a n c i a l ,  s t r a t egy  o r  eng inee r i ng  me t r i c s .  The  
s t a g e  g a t e  p r o c e s s  w a s  i mp l e me n ted  i n t e rna l l y .  Zy ray  d id  no t  
i mp l e me n t  a  f o r ma l  s t a g e - g a t e  p r o c e s s .  T h e  v a r i o u s  f u n c t i o n s  
c o m m u n i c a t e d  i n  s u c h  a  w a y  t h a t  c o - o p e r a t i o n  e x i s t e d  b e t w e e n  t h e m  
a n d  i n f o r ma t i o n  a n d  r e q u i r e me n t s  w e r e  f e d  b a c k  i n t o  t h e  d e s i g n  
p r o c e s s .  G a t e  me e t i n g s  a s  s u c h  d i d  n o t  e x i s t  i n  t h e  c o m p a n y .  
 
T h e  c o m p a n y  h a d  a  s i n g l e  p r o d u c t  a n d  t h e  d e v e l o p me n t  o f  t h a t  
p r o d u c t  h a d  t o  c o n t i n u e .  F i n a n c i a l  me t r i c s  w e r e  t a k e n  b y  ma n a g e me n t  
a s  a  t i g h t  b u d g e t  h a d  t o  b e  k e p t .  I n  e n g i n e e r i n g  n o  f o r m a l  m e t r i c s  
were  kep t  apar t  f rom  mak ing  su re  t ha t  t he  p roduc t  worked .  
 
E x t e r n a l l y  h o w e v e r ,  i n v e s t o r s  i n  co l l abo ra t i on  w i th  ma nageme n t  and  
t h e  b o a r d  d e f i n e d  v e r y  h a r d  g o a l s  t o  b e  a c h i e v e d .  T h e s e  g o a l s  p u t  
‘ go /no -go ’  dec i s i ons  on  nex t  r ound  f i nanc ing  dec i s i ons .  I f  t he  goa l s  
w e r e  n o t  me t  t h e  f i n a n c i n g  w o u l d  b e  s t o p p e d .  T h e  me t r i c s  u s e d  a t  
t h e s e  mi l e s t o n e s  we r e  t e c h n i c a l .  T he  c h i p s  t h e  c o mpa n y  p r o d u c e d  h a d  
t o  work  o r  a l t e rna t i ve ly  a  demons t r a t i o n  a t  a  t r a de  show had  t o  be  
s u c c e s s f u l .  
  
Z y r a y  d e l i v e r e d  a t  e v e r y  m i l e s t o ne  s e t  f o r  t h e m  a n d  i n  s o m e  c a s e s  
o v e r - d e l i v e r e d .  A  c a s e - i n - p o i n t  w a s  t h a t  t he  c o mp a n y  r e c e i v e d  t h e  
f i r s t  c h i p  o n  3 1  D e c e mb e r  2 0 0 2 ;  o n e  an d  a  h a l f  mon t h s  l a t e r  a t  t he  
b i g g e s t  G S M  t r a d e s h o w  i n  t h e  wor ld  t he  work ing  ch ip  was  
d e mo n s t r a t e d  i n s i d e  a  f o r m f a c t o r  c e l l u l a r  phone .  The  goa l  s e t  f o r  
t h i s  mi l e s t o n e  w a s  t o  h a v e  t h e  c h i p  o n  a  b i g  d e v e l o p me n t  p l a t f o r m.  
T h i s  w a s  l i t e r a l l y  a n  o r d e r  o f  a  ma g n i t u d e  t ha t  w a s  e a s i e r  t o  a c h i e ve  
t h a n  w h a t  w a s  d e l i v e r e d .   
 
O v e r - a c h i e v i n g  o n  g o a l s  s e t  w a s  c ru c i a l  t o  g a i n i n g  t h e  t r u s t  o f  
i n v e s t o r s  a n d  c l i e n t s  a n d  t o  f i n a l l y  b e i n g  b o u g h t  f o r  n e a r l y  a  h u n d r e d  
m i l l i o n  do l l a r s .  
 
 
6 . 1 . 9 .  P r o c e s s  c o n t r o l  
 
F r o m  c h a p t e r  3 . 2 . 9  i t  i s  e v i d e n t  t h a t  p r o c e s s  c o n t r o l  i s  t h e  w a y  i n  
wh ich  t he  o rgan i s a t i on  o rgan i s e s  i t s e l f  t o  ma nage ,  con t ro l  and  
e x e c u t e  t h e  e n g i n e e r i n g  o f  i t s  p r o d u c t .  P r o ce s s  c o n t ro l  s t a r t s  a t  t he  
s t a r t  o f  t he  p ro j ec t  and  con t i nues  t h roughou t  i t s  l i f e  cyc l e .  Th i s  
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i n c l u d e s  t h e  d o c u me n t i n g  o f  a l l  r eq u i r e me n t s  a n d  c o n c e p t s .  P r o c e s s  
con t ro l  i s  a f f ec t ed  by  t he  s t r uc t u r e  o f  t h e  c o mpa n y ;  t h e  c o mpa n y  
c o u l d  b e  c o mp o s e d  o f  v a r i o u s  fu n c t i o n s  w i t h  t e a m  l e a d e r s  w h o  
ma n a g e  p r o j e c t  t a s k s ,  a  h i g h - l e v e l  manage r  cou ld  ma na ge  t he  p ro j ec t  
w i t h  l o t s  o f  e x e c u t i v e  p o we r  o r  p r o j e c t  ma n a g e r s  w i t h  n o  r e a l  p o w e r  
o v e r  t h e  fu n c t i o n s  c o u l d  ma n a g e  t h e  p r o j e c t s .  
 
P r o p o s i t i o n  8  s t a t e d  t h a t  c o mp a n y ’ s  o r g a n i s a t i o n a l  s t r u c t u r e  w i l l  
c h a n g e  a s  t h e  p r o d u c t  g o a l s  c h a n g e .  T h e  w a y  t h e  c o m p a n y  c h a n g e d  
ove r  t ime  i s  shown  in  f i gu re s  8 ,  9 ,  10  and  11 .  The  comp any  s t ruc tu r e  
changed  when  t he  p roduc t  s t r a t egy  ch anged .  I t  a l so  changed  when  t he  
c o mpa n y  s i g n e d  u p  c l i e n t s  a n d  t he  p r o d u c t  b e c a me  mor e  m a t u r e .  
The re fo r e  t he  p ropos i t i on  wa s  found  t o  be  t r ue .  
 
P r o c e s s  c o n t r o l  i n  t h e  c o mp a n y  d i d  n o t  s c o r e  v e r y  h i g h l y  i n  t he  d a t a  
c o l l e c t e d .  I t  s t a r t e d  w i t h  a n  a v e r a g e  o f  1 . 2 2 ,  i mp r o v e d  t o  1 . 8 2  a n d  
e n d e d  a t  1 . 9 2 .  A l l  t h e s e  s c o r e s  a r e  s t i l l  we l l  b e l o w  t h e  i n d u s t r y  
ave rage  o f  2 . 67 .  The  d i s c r epancy  i s  pa r t y  because  t he  p roces s  con t ro l  
q u e s t i o n s  c a t e r  mo r e  t o  w e l l - e s t a b l i s h e d  c o mp a n i e s .  T h e  
documen t a t i on  o f  p roces se s ,  t he  fo rma l  s e l ec t i on  o f  supp l i e r s  and  
c o m m u n i c a t i o n  wi t h  ma n u f a c t u r e r s  d i d  n o t  e x i s t  i n  t h e  s t a r t - u p  
c o mp a n y .   
 
T h e  s t a r t - u p  h a s  t o  d e f i n e  t he  w a y  e v e r y t h i n g  i s  d o n e .  T h e  
eng inee r i ng  ma na ge r  ha s  ge t  peop l e  w i th  d i f f e r en t  sk i l l s  and  
expe r i ence s  t o  ag r ee  on  how to  do  t h ings  i n  t he  new  company .  
E n g i n e e r s  f r o m d i f f e r e n t  b a c k g rounds  a r e  u sed  t o  do ing  t h ings  
d i f f e r e n t l y  a n d  s o me  t i me  h a s  t o  p a s s  d u r i n g  w h i c h  a g r e e me n t  o n  h o w 
t h e  c o mp a n y  p r o c e s s e s  w i l l  w o r k  i s  r e a c h e d .  B e c a us e  o f  l i mi t e d  
r e s o u r c e s  a l l  p r oc e s s e s  a r e  d e s i g ne d  a s  t he y  b e c ome  n e c e s s a r y ,  
t he r e fo r e ,  more  p roce s se s  a r e  f o r ma l i s e d  o v e r  t i me .  I n p u t  f r o m  
v a r i o u s  s o u r c e s  h a s  t o  b e  t a k e n  i n t o  c o n s i d e r a t i o n ,  b u t  i n  t h e  e n d  t h e  
e n g i n e e r i n g  ma n a g e r  h a s  t o  ma k e  t h e  f i n a l  d e c i s i o n  a n d  e v e r y o n e  h a s  
t o  r e s p ec t  a n d  fo l l ow  t h e  p r oc e s s e s  e s t a b l i s he d .  
 
A t  i t s  l a rg e s t ,  Z y ra y  e mp l o y e d  fo r t y  p e o p l e .  T h i s  w a s  s t i l l  r e l a t i v e l y  
s ma l l  f o r  a  t e c h n o l o g y  c o mp a n y  a n d  c o m mu n i c a t i o n  w a s  s t i l l  
r e l a t i v e l y  e a s y .  T h e  c o mp a n y  a l s o  o n l y  h a d  o n e  p r o d u c t ,  i t  t h e r e f o r e  
d i d  n o t  h a v e  t o  f o r ma l i s e  ma n y  p ro c e s s e s .  I n  ma n y  c a s e s  a  s i n g l e  
p e r s o n  wa s  r e s p o n s i b l e  f o r  t a l k i n g  w i t h  s u p p l i e r s  a n d  ma n u f a c t u r e r s .  
In  such  a  case  on l y  t he  pe r son ’ s  own  proces se s  have  t o  be  f o l l owed ,  
t he  company  does  no t  need  a  f o rma l  p roces s  t o  govern  when  one  
p e r s o n  i s  i n  c o n t r o l .  
 
The  b igges t  advan tage  t he  s t a r t -u p  h a s  o v e r  w e l l - e s t a b l i s h e d  
compan ie s  i s  t ha t  i t  can  move  more  qu i ck l y  t han  anyone  e l s e .  
C o mp a n i e s  w i t h  ‘ t i g e r  t e a ms ’  s t i l l  ha v e  t o  w o r k  w i t h i n  t h e  o ve r a l l  
c o mpa n y  b u r e a u c r a c y .  The  s t a r t -up  can  qu i ck l y  a d a p t  i t s e l f  t o  n e w 
s i t ua t i ons  and  r equ i r emen t s .   Peop l e  a r e  a l so  open  t o  t h ink ing  and  
a c t i n g  m o r e  f r e e l y  a n d  t h e r e f o r e  a r e  a b l e  t o  d e s i g n  q u i c k  s o l u t i o n s  t o  
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p r o b l e ms  r a t h e r  t ha n  w a i t i ng  t o  b e  fo r ma l l y  t a s k e d  t o  d o  s o .  T h i s  i s  
a l s o  t h e  c a s e  f o r  t h e  u s e  o f  t o o l s .  B a r r i n g  f i n a n c i a l  c o n s t r a i n t s ,  n e w  
t o o l s  c a n  q u i c k l y  b e  b o u g h t  a n d  u s e d .  The re  i s  no  need  t o  s t anda rd i s e  
o v e r  t h e  w h o l e  c o m p a n y  a s  t h e  e n g in e e r s  a r e  t y p i c a l l y  c o - l o ca t e d .  
 
 
6 . 1 . 10 .  H u m a n  r e s o u r c e  d e v e l o p m e n t  
 
I n  c h a p t e r  3 . 2 . 1 0  i t  w a s  s t a t e d  t h a t  i t  i s  o f  c r i t i c a l  i m p o r t a n c e  t o  a  
s t a r t - u p  t o  h a v e  a  v e r y  s t r o n g  t e a m.  T h e  t e a m  mu s t  b e  a b l e  t o  f r e e l y  
commun ica t e  and  mus t  be  l ed  by  a  l e ade r  who  commands  t e chn i ca l  a s  
w e l l  a s  pe r s o n a l  r e s p e c t .  The  t e a m m u s t  b e  c o mpe n s a t e d  f a i r l y  a n d  
t h e i r  p e r so n a l  l i ves  mu s t  b e  r e s p e c t ed .  T h e  s k i l l s  o f  t he  p e o p l e  h a v e  
t o  be  improved  t h rough  me n to r ing  a nd  t r a i n ing  and  t hey  mus t  have  
t h e  a p p r op r i a t e  t o o l s  t o  w o rk  w i t h .  
 
P ropos i t i on  9  s t a t ed  t ha t  t he  s t a r t - u p  c o m p a n y ’ s  h u ma n  r e s o u r c e  
d e v e l o p m e n t  w i l l  b e  a s  g o o d  a s  t he  i ndus t ry ’ s .  The  p ropos i t i on  was  
f o u n d  t o  b e  t r u e .  
 
T h e  a v e r a g e s  f o r  h u ma n  r e s o u r c e  deve lopmen t  s t a r t ed  a t  a  l ow  o f  
0 . 61 ,  i nc r ea sed  t o  1 .61  and  f i n i shed  a t  1 . 67 .  The  i ndus t ry  ave rage  
( 1 . 7 2 )  i s  s l i g h t l y  h i g h e r  t h a n  t h e  company’ s  f i na l  s co re .  The  s t a r t - up  
e mp h a s i s e d  t h e  h u ma n  r e s o u r c e  p a r t  o f  i t s  d e v e l o p me n t .  A l l  
e mp l o y e e s  w e r e  g i v e n  o w ne r s h i p  i n  t h e  c o mpa n y .  S k i l l s  w e r e  b u i l t  
b e c a u s e  e m p l o y e e s  h a d  t o  wor k  o u t s id e  o f  s e t  f i e l d s ,  t a k e  o w n e r s h i p  
o f  t h e  c om p a n y  g o a l s  a n d  w a l k  t he  e x t r a  mi l e .  B e c a u s e  o f  t h e  s i z e  o f  
t h e  c o mpa n y  e v e r y o n e  w a s  p r i v y  t o  ma nage men t ,  ma rke t i ng ,  s a l e s  and  
eng inee r ing  i n fo rma t ion .  Each  pe r s o n  g a i n e d  a  l o t  m ore  expe r i ence  
t h a n  t h e y  w o u l d  h a v e  h a d  t h e y  w o r k e d  f o r  a  b i g  c o r p o r a t i o n .  
 
T h e  s t a r t - u p  c o mp a n y  h a s  t o  h a v e  t h e  c o r r e c t  p r o d u c t  s t r a t e g y  a n d  
e x c e l l e n t  e mp l o y e e s .  E v e r y o n e  h a s  t o  s h o w  l e a d e r s h i p  a n d  b e  w i l l i ng  
t o  work  i ndependen t l y .  The  da t a  s h o w e d  t h a t  t h e  r u l e s  a n d  
r e g u l a t i on s  i n  t h e  c o mp a n y  w e r e  v e ry  l i mi t e d .  T h e  i n d i v i d u a l  ha d  t o  
t a k e  o w n e r s h i p ,  h a d  t o  w o r k  w e l l  w i t h i n  t h e  t e a m a n d  c o u l d  n o t  
e x p e c t  t o  b e  l e a d  o r  ‘ s p o o n  f e d ’  a t  a n y  p o i n t .  N e w  s o l u t i o n s  h a d  t o  b e  
sough t  bo th  t e chn i ca l l y  and  i n  ma nageme n t .  The re  wa s  no  t ime  t o  
w a t c h  o v e r  a n y o n e ’ s  s h o u l d e r  a n d  ma k e  s u r e  t h e y  g o t  t h e  j o b  d o n e ,  
e a c h  p e r so n  h a d  t o  h a v e  t h e  s t r e n g t h  t o  l e a r n  a n d  f i n i s h  a n y  t a s k .   
 
T h e  s u c c e s s  o f  t h e  s t a r t - u p  c o m p a n y  i s  t i g h t l y  c o u p l e d  w i t h  t h e  s k i l l s  
o f  t he  i nd i v idua l  peop l e  i n  t he  company  and  how  we l l  t he se  
i n d i v i d u a l s  f o r m  a  s t r o n g  t e a m .   
 
6 . 2 .  I m p l i c a t i o n s  f o r  a n d / o r  c o n t r i b u t i o n  t o  p r a c t i s e  
 
C u r r e n t  t h e o r y  a nd  b e s t  p r a c t i s e  ca t e g o r i e s  foc u s  ma i n l y  o n  w e l l -
e s t a b l i s h e d  c o mp a n i e s .  A l t h o u g h  l i t e r a tu r e  i s  ava i l ab l e  on  t he  
s p e c i f i c  n e e d s  o f  t h e  n e w  o r  s t a r t - u p  c o mp a n y ,  mo s t  p r o d u c t  
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d e v e l o p m e n t  t e c h n i q u e s  f o c u s  o n  e s t a b l i s h e d  c o mp a n i e s .   
 
T h e  s t u d y  s h o w e d  t h e  f o l l o w i n g  1 0  i m p o r t a n t  p o i n t s :  
 

1 .  I n  t h e  i n i t i a l  p ha s e s  t h e  s t a r t - u p ’ s  c u s t ome r s  w e r e  t h e  
v e n t u r e  fu n d s .  

2 .  T h e  p r o j e c t  s e l e c t i o n  p r o c e s s  w a s  i n f o r ma l  b u t  d r i v e n  b y  
e c o n o mi c  c r i t e r i a .  

3 .  The  company  showed  t ha t  i t  h ad  t o  choose  a  p roduc t  
s t r a t egy  ea r l y  on  and  t hen  had  t o  deve lop  t he  p roduc t  
a c c o r d i n g  t o  t h i s  s t r a t e g y .  

4 .  T h e  ma r k e t i n g  t e a m d e v e l o p e d  t he  concep t  de s ign  bu t  t hey  
i n f l u e n c e d  t h e  f u t u r e  o f  t he  c o mp a n y  b e c a u se  t h e y  d i c t a t e d  
t he  p roduc t  s t r a t egy .  

5 .  The  company  fo l l owed  a  t e chno logy  fo l l ower  s t r a t egy .  The  
t e c h n o l o g i c a l  c o m p e t e n c y  o f  t he  t e a m w a s  o f  s u c h  a  h i g h  
s t a n d a r d  t h a t  t h e y  d e v e lo p e d  a  p r o d u c t  a f t e r  v e r y  f e w  
i t e r a t i ons .  

6 .  T h e  s t a r t -u p  s h o w e d  t h a t  i n t e r n a l  d o cu me n t a t i o n  w a s  l i mi t e d  
bu t  t ha t  ex t e rna l  documen ta t i on  w i th  c l i en t s  and  
ma n u f a c t u r e r s  h a d  t o  b e  o f  a  h i g h  s t a n d a r d .  

7 .  T h e  c o mp a n y  s h o w e d  t h a t  c h a n g e  c o n t r o l  w a s  l i mi t e d  t o  t h e  
eng inee r ing  func t i on .  

8 .  T h e  s t a r t - u p  s h o w e d  t h a t  o v e r - a c h i e v i n g  o n  g o a l s  s e t  b y  
i t s e l f  and  i nves to r s  was  o f  c r i t i c a l  i m p o r t a n ce .  

9 .  T h e  s t a r t - u p  s h o we d  t h a t  p r oce s s  con t ro l  was  kep t  t o  a  
mi n i mu m and  t ha t  i t  cou ld  r eac t  ve ry  qu i ck ly  t o  chang ing  
s i t u a t i o n s .  

10 .  T h e  s t a r t - u p  s h o w e d  t h a t  t h e  e s t a b l i s h me n t  o f  a  s t r o n g  
t e a m i s  o f  c r i t i c a l  i mp o r t a n c e  t o  t h e  s u c c e s s  o f  t h e  
c o mp a n y .  

 
T h e  p u r p o s e  o f  t h i s  s t u d y  w a s  t o  s h o w  t h e  d i f f e r e n c e  b e t w e e n  t h e  
b e s t  p r a c t i s e  c a t e g o r i e s  t a k e n  o v e r  a  l a r g e  i n d u s t r y  s a m p l e  a n d  t h o s e  
o f  t he  s t a r t - up  company .  The  d i f f e r ences  we re  shown  by  comp ar ing  
a n  i n d u s t r y  w i d e  s u r v e y  w i t h  t he  s ame  s u rvey  t aken  w i th in  t he  
c o mpa n y .  D o i n g  t h i s  c o mp a r i s o n  a l s o  i mp r o v e d  t h e  v a l i d i t y  o f  t h e  
s t udy ;  showing  how the  company  compa r ed  w i th  t he  i ndus t ry  
q u a l i f i e s  t h e  p r o p os i t i o ns  m a d e  e a r l i e r  i n  t h i s  d i s s e r t a t i o n .   
 
Th i s  chap t e r  w i l l  t h e r e fo r e  compa r e  c u r r e n t  t h e o r y  t o  w h a t  w a s  
l e a r n e d  f r o m t h e  Z y r a y  Wi r e l e s s  c as e  s t u d y .  T h e  f i r s t  me t r i c  w o u l d  
be  t o  ana ly se  whe the r  t he  f i nd ings  f r o m t h e  c a s e  s t u d y  c o n c u r  w i t h  
c u r r e n t  t h e o r y .  A n y  d e v i a t i o n s  w i l l  be  po in t ed  ou t  a s  we l l  a s  
a n y t h i n g  f o u n d  i n  t h e  s p e c i f i c  c a s e  s t u d y  t h a t  i s  n o t  me n t i o n e d  i n  t h e  
c u r r e n t  t he o r y .  
 
F i r s t l y ,  D o o l e y  f o u n d  t h a t  N P D  s u c c e s s  w a s  i n f l u e n c e d  mor e  
s i gn i f i c an t l y  by  be s t  p r ac t i s e s  c o n t r o l l i n g  t h e  s t r a t e g i c  
i mp l e me n t a t i o n  o f  N P D  ( p r o j e c t  s e l e c t i o n ,  g o a l s ,  t e c h n o l o g i c a l  
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l e a d e r s h i p ,  p r o d u c t  s t r a t e g y  c u s t o me r  i n v o l v e me n t )  t h a n  b y  N P D  b e s t  
p r a c t i s e s  a s s o c i a t e d  w i t h  t h e  e xecu t i on  o f  NPD (p roces s  con t ro l ,  
me t r i c s ,  d o c u me n t a t i o n ,  c h a n g e  c o n t r o l ) .  
 
T h e  s t a r t - u p  co mp a n y  fo l l o w e d  t h e  t h e o r y  t h a t  s t r a t e g i c  
i mp l e me n t a t i o n  c a t e g o r i e s  i n f l u e n ce  t h e  d e v e l o p me n t  p r o c e s s  mo r e  
t h a n  t h e  e x e c u t i o n  c a t e g o r i e s .  T h e  s t r a t e g i c  ca t e g o r i e s  s t a r t e d  a t  a n  
ave r age  o f  2 . 61 ,  i nc r ea sed  t o  3 . 21  and  ended  a t  3 . 24 .  The  i ndus t ry  
a v e r a g e  i s  s e t  a t  2 . 8 7 .  T h e  s t r a t e g i c  c a t e g o r i e s  a r e  w e l l  a b o v e  t h e  
i n d u s t r y  a v e r a g e .  T h e s e  a v e r a g e s  s h o w  t h a t  t h e  f o c u s  o f  t h e  s t ar t - u p  
w a s  o n  p r o d u c t  s t r a t e g y  a nd  o n  t h e  e n g i n e e r i n g  o f  t h e  p r o d u c t  e v e n  
m o r e  t h a n  t h e  i n d u s t r y  a v e r a g e .  
 
T h e  b e s t  p r a c t i s e s  a s s o c i a t e d  w i t h  t h e  e x e c u t i o n  o f  p r o d u c t  
d e v e l o p m e n t  w e r e ,  h o w e v e r ,  muc h  l o w e r  t h an  t h e  i n dus t r y  a v e r a g e .  
They  s t a r t ed  a t  1 . 29 ,  i nc r ea sed  t o  1 .69  and  ended  a t  1 . 73 .  The  
i n d u s t r y  a v e r a g e  w a s  s u b s t a n t i a l l y  h i g h e r  a t  2 . 3 1 .  T h i s  s h o w s  t h a t  
t h e  s t a r t - u p  r e j e c t e d  t h e  pr o c e s s  c on t r o l  c a t e g o r i e s  m o r e  t h an  t h e  
i n d u s t r y  a v e r a g e .  

 
T o  f u r t h e r  e s t a b l i s h  t h e  v a l i d i t y  o f  t h e  s t u d y ,  t h e  f i n d i n g s  f r o m  t h e  
s t u d y  w i l l  b e  c o m p a r e d  a g a i n s t  t wo  i ndus t ry  r e sou rce s  on  s t a r t - up  
c o mpa n i e s .  

 
G o r d o n  B e l l  ( 1 9 9 1 : 2 6 8 )  s u g g e s t e d  c r i t e r i a  t o  j udge  t h e  s t a r t - u p  
a g a i n s t .  T h e  c r i t e r i a  w e r e  e x t r a c t e d  f r o m c u r r e n t  t h e o r y .  I n  t h e  
fo l l owing  t ab l e  t he  va r i ous  po in t s  me n t i oned  by  Be l l  w i l l  b e  shown  
a n d  t h e  l e s s o n s  l e a r n e d  i n  t h e  c a se  s t u d y  w i l l  b e  e v a l u a t e d  a g a i n s t  
t h e m.   

 

Table 7 Bell start-up findings 

 G o r d o n  B e l l  
 

This  Case  S tudy  

1  O n  t h e  t e c h n o l o g y  f r o n t  t h e  c o mp a n y  
h a s  t o  h a v e  a  t e c h n o l o g y  b a l a n c e  
s h e e t  w i t h  d e s i g n  p r o c e s s e s ,  a  
r e sou rce  s chedu l e ,  eng inee r i ng  
s p e c i f i c a t i o n s ,  ma n u f a c t u r i n g  
spec i f i c a t i ons ,  t e am cu l t u r e ,  
t e chn i ca l  r e sou rce s  and  good  
t e c h n i c a l  l e a d e r s h i p .  
 

The  s t a r t - up  had  an  
e x t r e me l y  c o mp e t e n t  t e a m,  
n e v e r  mi s s e d  a  mi l e s t o n e  
a n d  p e r f o r me d  b e y o n d  
e x p e c t a t i o n  t o  p r o d u c e  a  
p r o d u c t  q u i c k l y .  

2  T h e  p r o d u c t  h a s  t o  h a v e  u n i q u e  
b e n e f i t s ,  t h e  c o r r e c t  ma r k e t  p r i c e  a nd  
be  ab l e  t o  bu i l d  on  fu tu r e  p roduc t s .  

T h e  p r o d u c t  s t r a t e g y  a n d  
p r o d u c t  r o a d ma p  w e r e  
d e s i g n e d  e a r l y  o n .  T h e  
mi g r a t i o n  p a t h  o f  t h e  
p r o d u c t  w a s  a l s o  s e t  f o r t h .  
 

3  T h e  c o mp a n y  h a s  t o  h a v e  a  w e l l - T h e  c o mp a n y  me t  a l l  
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o r g a n i s e d  p r o c e s s  t h r o u g h  w h i c h  i t  i s  
c a p a b l e  o f  p r o d u c i n g  p r o d u c t s  
a c c o r d i n g  t o  t h e  p r i c e ,  q u a l i t y  a n d  
s c h e d u l e  r e q u i r e d  b y  c u s t o me r s .  
 

mi l e s t o n e s  a n d  n e v e r  
ove r spen t  t he  budge t .  

4  T h e  c o mp a n y  h a s  t o  h a v e  a  f i v e - y e a r  
p l a n  t h a t  i s  r e a l i s t i c  a n d  w o r k a b l e  
w i t h  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  
n e x t  2  y e a r s .  
 

T h e  c o mp a n y  h a d  a  2 - y e a r  
h o r i z o n  o n  i t s  c u r r e n t  
p r o d u c t  a n d  a  v i s i o n  f o r  a l l  
n e w  p r o d u c t s .  

5  T h e  c o mp a n y  h a s  t o  h a v e  a  c o mpl e t e  
s t r a t e g i c  a n d  t a c t i ca l  ma r k e t  p l a n  
t o g e t h e r  w i t h  t h e  l e a d e r  a n d  
o r g a n i s a t i o n  t o  i mp l e me n t  i t .  
 

T h e  c o mp a n y  e mp l o y e d  a  
v i c e  p r e s i d e n t  o f  m a r k e t i n g  
and  a  CEO,  bo th  o f  whom 
h a d  t h e  ne c e s s a r y  
expe r i ence .  Af t e r  t hey  
b e c a me  p a r t  o f  t h e  
ma n a g e m e n t  t e a m a  
s u c c e s s f u l  p r o d u c t  a n d  
co rpo ra t e  s t r a t egy  was  
d e f i n e d .  

6  T h e  c o mp a n y  h a s  t o  h a v e  a  d e d i c a t e d  
s a l e s  t e a m  w h o  u n d e r s t a n d s  t h e  
p r o d u c t ,  p r i c e  a n d  c u s t o me r s  o f  t h e  
c o mpa n y  i n  o r d e r  t o  b e  a b l e  t o  me e t  
s a l e s  t a r ge t s .  
 

W h e n  t h e  c o mpa n y  e n t e r e d  
t h e  ma r k e t  a  s a l e s  p e r s o n  
w a s  e mp l o y e d .  P r i o r  t o  t h i s ,  
ma r k e t i n g  h a n d l e d  s a l e s .  

7  T h e  C E O  h a s  t o  s h o w  h e / s h e  h a s  t h e  
c a p a b i l i t i e s  t o  ma n a g e ,  l e a d ,  b u i l d  
t e a ms ,  b e  k n o w l e d g e a b l e  a b o u t  t h e  
c o n s t r a i n t s  o f  t h e  s t a r t - u p  b u s i n e s s  
a n d  b e  a b l e  t o  a t t r a c t  c a p i t a l  f r o m 
i n v e s t o r s  a n d  t h e  b o a r d .  
 

The  CEO had  p r ev ious ly  
s t a r t e d  o t h e r  s u c c e s s f u l  
s t a r t - u p  c o mpa n i e s ,  
nego t i a t ed  ano the r  r ound  o f  
f u n d i n g  a n d  e v e n t u a l l y  
n e g o t i a t e d  t o  h a v e  t h e  
c o mp a n y  b o u g h t .   
 

8  T h e  t e a m  h a s  t o  b e  c o mp o s e d  o f  h i g h -
qua l i t y  i nd iv idua l s  w i th  expe r t i s e  and  
e x p e r i e n c e  i n  r e l e va n t  a r e a s .  A l l  t h e  
me m b e r s  m u s t  b e  o r i e n t e d  t o  f i n d  
s o l u t i on s  a n d  fu l f i l  v a r i o u s  ro l e s .  
 

T h e  p e o p l e  e mp l o y e d  t o o k  
o w n e r s h i p  o f  t h e  c o mp a n y  
a n d  w o r k e d  a s  a  t e a m.  

9  The  me mber s  o f  t he  boa rd  have  t o  a c t  
a s  r e v i e w e r s ,  a c t  a s  c o u n s e l l o r s  a n d  
ma k e  s u r e  t h a t  t h e  c o mpa n y ’ s  
s t r a t e g i c  v i s i o n  i s  c o r r e c t .  
 

T h e  b o a r d  e mp l o y e d  a  
c o mpe t e n t  ma n a g e me n t  t e a m  
a n d  ma d e  s u r e  t h e  c o mpa n y  
p r o d u c e d  a n  a c h i e v a b l e  
c o mp a n y  s t r a t e g y .   
 

1 0  T h e  c o mp a n y  h a s  t o  ma k e  s u r e  t h a t  i t  
h a s  e n o ug h  c a s h  f o r  t h e  c u r r e n t  s t a g e  
o f  d e v e l o p me n t  a n d  e n o u g h  t o  c a r r y  i t  
f o r w a r d  u n t i l  i t  s e cu r e s  mo r e  

M a n a g e m e n t  k e p t  a  t i g h t  
r e i g n  o n  t h e  b u d g e t  a n d  
e n g i n e e r i n g  w o r k e d  w e l l  
w i t h i n  t h e  b u d g e t .   

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  KKooeekkeemmooeerr,,  PP    ((22000055))  



 130

fund ing .  
 

11  Inves to r s  have  t o  be  w i l l i ng  t o  
con t r i bu t e  t o  t he  nex t  r ound  o f  
f u n d i n g  b a s e d  o n  t h e  c o r p o r a t e ,  
p r o d u c t  a n d  ma r k e t  o u t l o o k  o f  t h e  
f i rm .  
 

T h e  c o mp a n y  s t r a t e g y  
s h o w e d  w h e n  t h e  p r o d u c t  
Z y r a y  p r o d u c e d  w o u l d  
b e c o me  p r o f i t a b l e  a n d  w h e n  
p h o n e  ma n u f a c t u r e r s  w o u l d  
f i nd  i t  n ece s sa ry  t o  a cqu i r e  
i t .  
 

1 2  C o n t r o l  h a s  t o  b e  k e p t  a n d  m i l e s t o n e s  
a n d  s c h e d u l e s  me t .  
 

A s  s t a t e d  p r e v i o u s l y ,  a l l  
mi l e s t o n e s  w e r e  m e t ,  a n d  o n  
o c c a s i o n  e v e n  mor e  t h a n  
e x p e c t e d  w a s  d e l i ve r e d .  
 

 
 
M i c h a e l  B a i r d  ( 1 9 9 5 : 6 3 )  s u g g e s t e d  t h e  fo l l o w i n g  t e n  c r i t e r i a  fo r  t h e  
s t a r t - u p  c o mp a n y .  T h e y  f o l l o w e d  f r o m  S t e v e n  B r a n d t ’ s  
‘ E n t r e p r ene u r i n g :  T h e  t e n  co m ma n d me n t s  f o r  b u i l d i n g  a  g r o w t h  
c o mp a n y ’ .  
 

Table 8 Baird start-up findings 

 M i c h a e l  B a i r d  T h i s  C a s e  S t u d y  
1  L a u n c h  t h e  s t a r t - u p  w i t h  a  c o mp l e t e ,  

e x p e r i e n c e d ,  c o mp a t i b l e  ma n a g e me n t  
t e a m.  
 

T h e  c o mp a n y  w a s  l a u n c h e d  
w i thou t  a  CEO and  
ma r k e t i n g  ma n a g e r .  T h e y  
o n l y  s t a r t e d  n i n e  m o n t h s  
a f t e r  t h e  s t a r t  o f  t h e  
c o mp a n y .  
 

2  U s e  a  ma r k e t  a n d  c u s t o me r  d r i v e n  
s t r a t e g y  t o  d e f i n e  y o u r  p r o d u c t .  
 

M a r k e t  ne e d s  w e r e  s o l i c i t e d  
f r o m c u s t o me r s  a n d  t h e  
p r o d u c t  s t r a t e g y  w a s  
d e s i g n e d  a c c o r d i n g l y .  
 

3  A  s u p e r b  b u s i n e s s  p l a n  c a l l s  f o r  a  
s u p e r b ,  f o c u s e d  e x e c u t i o n .  
 

T h e  t e a m  me t  a l l  mi l e s t o n e s  
a n d  w e r e  a l w a y s  i n  b u d g e t .  

4  Wr i t e  a  s o l i d  b u s i n e s s  p l a n  t h a t  t h e  
t e a m b e l i e v e s  i n .  
 

T h e  p r o d u c t  a n d  c o mpa n y  
s t r a t e g y  w e r e  s p o t - o n  i n  
p r e d i c t i ng  w h a t  t he  
ma r k e t e d  n e e d e d  a n d  w h e n  
i t  n e e de d  i t .   
 

5  C r e a t e  a  c o mpl e t e ,  e x p e r i e nc e d  a n d  
c o mp a t i b l e  t ea m.  
 

A n  e x t r e me l y  c o m p e t e n t  
t e a m w a s  p u t  t o g e t h e r  w h o  
w o r k e d  w e l l  a s  a  t e a m.  

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  KKooeekkeemmooeerr,,  PP    ((22000055))  



 131

 
6  M o t i v a t e  w i t h  a  f a i r  r e mu n e r a t i o n  

p l an ,  i nc lud ing  equ i t y  pa r t i c i pa t i on .  
 

A l l  e mp l o y e e s  w e r e  g i v e n  
o p t i o n s  i n  t h e  c o m p a n y .   
 

7  P u r s u e  r a p i d  p r o f i t a b i l i t y  l e a d i n g  t o  
h igh  g rowth  
 

T h e  c o mp a n y  w a s  s t i l l  n o t  
ma k i n g  m o n e y  b u t  i t  w o u l d  
s e l l  c h i p s  f o r  c e l l  p h o n e s  
a n d  g e t  m o n e y  f o r  e v e r y  
c h i p  s o l d .  T h e  ma r k e t  i n  3 G 
i s  s e t  t o  r e a l l y  t a k e  o f  i n  
2005 .  
 

8  P r o j e c t ,  m o n i t o r  a n d  c o n s e r v e  c a s h  
a n d  c r e d i t  c a p a b i l i t y .  
 

T h e  c o mp a n y  s t a y ed  w i t h i n  
b u d g e t  a n d  o n l y  p r o d u c e d  
o n e  t e s t  c h i p  b e f o r e  a  
p r o d u c t  c h i p  w a s  p r o d u c e d .  
 

9  D e v e l o p  a  ma r k e t  d r i v e n  s t r a t e g y .  D o  
n o t  c o n c e n t r a t e  o n  y o u r  t e c h n o l o g y  t o  
t h e  e x c l u s i o n  o f  o t h e r  s u c c e s s  
f a c t o r s .  
 

T h e  p r o d u c t  r e q u i r e me n t s  
we re  d r i ven  by  t he  needs  o f  
t h e  ma r k e t  a s  i de n t i f i e d  b y  
ma r k e t i n g .  

1 0  D e v e l o p  a n d  ma i n t a i n  a n  o p e r a t i o n a l  
b u s i n e s s  p l a n  a f t e r  f u n d i n g  i s  
o b t a i n e d .  
 

T h e  p l a n  w a s  u p d a t e d  
w h e n e v e r  n e e d s  c ha n g e d .  

 
F r o m  t h e  t w o  t a b l e s  p r e s e n t e d  i t  i s  e v i d e n t  t h a t  t h e  Zy r a y  Wi r e l e s s  
s t u d y  s u p p o r t e d  a l l  t h e  s t a r t - u p  s uc c e s s  me t r i c s  p u t  f o r t h  b y  G o r d o n  
B e l l  a n d  M i c h a e l  B a i r d .  T he  o n e  e x c e p t i o n  wa s  t h a t  t h e  c o m p any  d i d  
n o t  i m m e d i a t e l y  e m p l o y  a  k n o w l e d g e a b l e  C E O  a n d  m a r k e t i n g  
m a n a g e r .  
 
O f  t h e  c r i t e r i a  d e t e r mi ne d  n e c e s s a r y  b y  t h e  s t u d y  o f  t h e  s t a r t - u p  o n l y  
t w o  w e r e  n o t  e x p l i c i t l y  me n t i o n e d  b y  t h e  o t h e r  t w o  s t u d i e s  a s  b e i n g  
nece s sa ry  fo r  s t a r t - ups .  
 
F i r s t l y ,  i n  t h e  i n i t i a l  p h a se s  t h e  c us t o m e rs  t h e  s t a r t -u p  c a t e r ed  t o  
were  ven ture  cap i t a l i s t s .  
 
Second ly ,  t he  s t udy  o f  t he  s t a r t - up  exp l i c i t l y  f ound  tha t  in t e rna l  
d o c u m e n t a t i o n  w a s  l i m i t e d  b u t  t h a t  e x t e r n a l  d o c u m ent a t i o n  w i t h  
c l i e n t s  a n d  m a n u f a c t u r e r s  h a d  t o  b e  o f  a  h i g h  s t a n d a r d .  
  
The  s t udy  a l so  found  t ha t  one  o f  t he  b i g g e s t  a d v a n t a g e s  o f  t h e  s t a r t -
u p  o v e r  a n  e s t a b l i s h e d  f i r m  w a s  t h a t  t h e  s t a r t - u p ’ s  p r o c e s s  c o n t r o l  
w a s  k e p t  t o  a  mi n i m u m a n d  t h a t  i t  c ou l d  t h e r e f o r e  r e a c t  v e r y  q u i c k l y  
t o  c h a n g i n g  s i t u a t i o n s .  
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T h e  s t u d y  r e a f f i r me d  w h a t  t h e  o t h e r  s t u d i e s  s h o w e d  t o  b e  n e c e s s a r y  
f o r  a  s t a r t - u p  t o  b e  s u c c e s s f u l  a n d  i t  a l so  showed  t ha t  t he  s t a r t - up ,  
when  ma naged  we l l ,  cou ld  ach i eve  a  h ighe r  l eve l  o f  eng inee r i ng  
c a p a b i l i t y .  
 
T h e  u n i q u e  c o n t r i b u t i o n  m a d e  b y  t he  s t u d y  w a s  t h a t  i t  s h o w e d  h o w  
t h e  e n g i ne e r i n g  p r o c e s s  i n  p a r t i c u l a r  d i f f e r ed  f rom the  s t anda rds  s e t  
by  e s t ab l i shed  f i rms .  The  s t ud i e s  on  s t a r t - up s  c i t e d  i n  t h i s  ch a p t e r  
on ly  t r e a t ed  t he  eng inee r ing  p roces s  a s  pa r t  o f  t he  b igge r  p i c tu r e .  
T h e  e n g i n e e r i n g  fu n c t i o n  a n d  i t s  p ro c e s s e s  a r e ,  h o w e v e r ,  i mp o r t a n t  
a n d  i t  i s  d i f f i c u l t  t o  k n o w  h o w  t o  f i l t e r  a l l  t h e  i n fo r ma t i o n  o n  p r o d u c t  
d e v e l o p m e n t  i n t o  w h a t  t h e  s t a r t - up  r ea l l y  needs  t o  know and  do .  
 
T h e  b i g g e s t  l e s s o n  l e a r n e d  f r o m t h e  s t u dy  i s  t h a t  t h e  s t a r t - up  
en t r ep reneu r  shou ld  focus  more  on  s t r a t e g y  a n d  e n g i n e e r i n g  r a t h e r  
t h a n  o n  p r o c e s s  c o n t r o l .  A  s t a r t - u p  c o mpa n y  i s  s t i l l  s ma l l  e n o u g h  n o t  
t o  n e e d  s o  ma n y  p r o c e s s e s  a n d  c o n t r o l s .  H a v i n g  f r e e d o m t o  p e r f o r m 
in  eng inee r ing  and  work ing  on  t he  co r r ec t  p roduc t  and  bus ine s s  
s t r a t e g y  i s  muc h  m o r e  i mp o r t a n t .  T h i s  l i n e  c a n  b e  d r a w n  t h r o u g h o u t  
t h e  o r g a n i s a t i o n  w h e r e  d e c i s i o n s  o n  p e r s o n n e l  a n d  e q u i p me n t  h a v e  t o  
b e  ma d e .  T h i s  me t r i c  w o u l d  d i r e c t  t he  en t r ep reneu r  t o  spend  money  
o n  r e s o u r c e s  a n d  p r o j e c t s  t h a t  s t r en g t h e n  t h e  m o r e  i mp o r t a n t  a sp e c t s  
o f  t h e  b u s i n e s s .  
 
E n t r e p r e n e u r s  c o u l d  t h e re f o r e  u se  t h e  1 0  p o i n t s  p r e s e n t e d  a s  a  
g u i d e  i n  t h e  f u t u re .  T h e s e  p o i n t s  w i l l  g i v e  t he m  i n s i gh t  a s  t o  w h a t  
t o  f o c u s  o n  i n  o r d e r  t o  e n ab l e  t h e m  t o  a c h i e v e  s u c c e s s .  
 
The  be s t  p rac t i s e  r e su l t s  showed  t h a t  t he  s t a r t - up  f o c u s e d  o n  
s t ra t egy  and  eng ineer ing  and  no t  s o  m u c h  o n  p r o c e s s  c o n t r o l .  
 
 
6 . 3 .  S e l f  a s s e s s m e n t  
 
J o h a n n  M o u t o n  ( 2 0 0 1 : 1 4 9 )  s a i d  t h a t  t he  s t r eng th s  o f  t he  ca se  s t udy  
a r e  h i g h  c o n s t r u c t  v a l i d i t y ,  i n - d e p t h  i n s i g h t s  an d  t h e  e s t a b l i s h me n t  o f  
a  r a p p o r t  w i t h  r e s e a r c h  s u b j e c t s .   
 
Th i s  c a se  s t udy  showed  t ha t  t he se  po in t s  a r e  a l l  t r ue .  The  wr i t e r  
s t a r t e d  w o r k i n g  a t  t h e  c o mp a n y  a  mo n t h  a f t e r  t he  c o mp a n y  w a s  
f o r me d .  T h e r e f o r e ,  t h e  w r i t e r  w e n t  t h r o u g h  a l l  t h e  p h a s e s  o f  t h e  s t a r t -
u p  u p  u n t i l  t h e  p o i n t  w h e r e  i t  w a s  b o u g h t  i n  J u n e  2 0 0 4 .  T h i s  e n a b l e d  
t h e  w r i t e r  t o  ha v e  a  u n i q ue  i n s i g h t  i n t o  t h e  d e v e l o pme n t  o f  a l l  t he  
p roce s se s  i n  t he  company .   
 
I n fo r ma t i o n  g a t h e r i n g  w a s  n e v e r  l i mi t e d  t o  t h e  fo rma l  i n t e rv i e w s  
c o n d u c t e d .  T h e  i n f o r ma t i o n  w a s  g a t h e r e d  o n  a  f o r ma l  a n d  a n  a d  h o c  
b a s i s .  I n fo r ma t i o n  o n  t h e  h i s t o r y  o f  t h e  c o mpa n y  w a s  g a t h e r e d  f r o m a  
f i r s t  p e r s o n  p e r s p e c t i v e .  M a n y  o f  t he  p r o c e s s e s  w e r e  c r e a t e d  w i t h  t h e  
w r i t e r  a s  a  p a r t  o f  t h e  p r o c e s s ;  t h i s  a f f o r d e d  t h e  w r i t e r  a  u n i q u e  
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i n s i g h t .  I t  a l s o  a f fo r d e d  t he  w r i t e r  t he  a b i l i t y  t o  g a i n  i n s i g h t  i n t o  t h e  
d i f f i c u l t  t i me s  t h e  c o mpa n y  f a c e d  a n d  ma d e  s u r e  t h a t  h e  d i d  n o t  o n l y  
g e t  t h e  ‘ s a n i t i z e d ’  v e r s ion  o f  t he  company  h i s t o ry .  
 
J o h a n n  M o u t o n  ( 2 0 0 1 : 1 5 0 )  a l s o  me n t ioned  t he  fo l l owing  po in t s  a s  
p o s s i b l e  l i mi t a t i o n s  o r  s o u r c e s  o f  e r r o r :  l a c k  o f  g e n e r a l i s a b i l i t y  o f  
r e s u l t s ,  n o n - s t a n d a r d i s a t i o n  o f  me a s u r e me n t ,  t h e  f a c t  t h a t  d a t a  
a n a l y s i s  c a n  b e  t i me  c o n s u mi n g  a n d  a l s o  t he  p o t e n t i a l  b i a s  o f  t h e  
r e sea r che r .  
 
A l l  o f  t h e  i s s u e s  me n t i o n e d  a b o v e  a r e  a p p l i c a b l e  t o  t h i s  c a s e  s t u d y .  
S ince  on ly  one  company  was  s t ud i ed  i t  i s  v e r y  d i f f i c u l t  t o  g e ne r a l i s e  
t h e  r e s u l t s  t o  t h e  r e s t  o f  t h e  i n d u s t r y .  T h e  b e s t  p r a c t i s e  s c o r e s  a r e  a  
g o o d  e x a m p l e  o f  t h i s .  T h e  s t u d y  f o u n d  t h a t  t h e  s c o r e s  b e t w e e n  t h e  
s p e c i f i c  s t a r t - u p  c o mpa n y  a n d  t he  i ndus t ry  s t anda rds  showed  a  
d i f f e r e n c e .  B e c a u s e  o n l y  o n e  s t a r t - u p  w a s  s t u d i e d  i t  i s  no t  p o s s i b l e  t o  
g e n e r a l i s e  t h e  r e s u l t s  t o  a l l  s t a r t - u p s .   
 
The  nex t  po t en t i a l  p rob l em M o u t o n  me n t i o n e d  w a s  t h e  n o n -
s t a n d a r d i s a t i o n  o f  me a s u r e me n t .  T h i s  i s  n o t  a  p r o b l e m  f o r  t h e  b e s t  
p r a c t i s e  c a t e g or i e s  a s  t h e  p o i n t s  a warded  a r e  ve ry  spec i f i c ,  Howeve r  
t h e  a n a l y s i s  o f  t h e  r e s u l t s  a c c o r d i n g  t o  t h e  B e l l - M a s o n  d i a g n o s t i c ,  o r  
a n y  o t h e r  me t r i c s ,  a r e  v e r y  s u b j e c t i ve .  
 
T h e  n e x t  p o t e n t i a l  p r o b l e ms  me n t io n e d  w e r e  t h e  f a c t  t h a t  d a t a  
c o l l e c t i o n  c o u l d  b e  t i me  c o n s u mi n g  a n d  t he  r e se a r c h e r  c o u ld  b e  
b i a s e d .  G a t h e r i ng  t h e  da t a  w a s  d e f i n i t e l y  t i me  c o n s u mi n g .  T h e  
c o mp a n y  w a s  s t a r t e d  i n  A u g u s t  2001  and  was  bough t  i n  June  2004 .  
T h e  r e s e a r c h  w a s  s t a r t e d  i n  2 0 0 3  an d  e n d e d  n e a r l y  1 8  m o n t h s  l a t e r ,  
h o w e v e r  i t  w o u l d  n o t  h a v e  ma d e  a s  m u c h  s e n s e  i f  t h e  s t u d y  w e r e  n o t  
b o u n d e d  i n  t h i s  wa y .  T h e  f a c t  t h a t  t h e  c o m p a n y  w a s  b o u g h t  f o r  a  
s u b s t a n t i a l  a mo u n t  o f  mon e y  a n d  t he  c o mp a n y  w a s  i n  t h e  p r o c e s s  o f  
d e l i v e r i n g  a  p r o d u c t ,  h e l p e d  i t  t o  b e  c l a s s i f i e d  a s  a  s uc c e s s f u l  s t a r t -
u p .  K n o w i n g  t h a t  t h e  c o mp a n y  w a s  s uc c e s s f u l  ma d e  i t  e a s i e r  t o  ma k e  
r e c o m me n d a t i o n s  a n d  t o  c o n c u r  w i t h  i n d u s t r y  me a s u r e s  f o r  s u c c e s s .   
 
T h e  f a c t  t h a t  t h e  r e s e a r c h e r  c o u l d  be  b i a sed ,  howeve r ,  i s  a l so  t r ue .  
B e c a u s e  t h e  r e s e a r c h e r  w a s  p a r t  o f  t h e  c o mpa n y  s o me  d a t a  c o u ld  b e  
s k e w e d  t o  s h o w  t h e  r e s e a r c h e r ’ s  sub j ec t i ve  v i ews .  Howeve r ,  t he  
advan t age  o f  hav ing  i n s i g h t  i n t o  t h e  c o mp a n y  a n d  n o t  j u s t  g e t t i ng  t h e  
s a n i t i z e d  v e r s i o n  o f  t h e  e v e n t s  f r o m  q u e s t i o n n a i r e s  a n d  i n t e r v i e w s  
ou twe ighs  t he  po t en t i a l  nega t i ve s  o f  be ing  so  c lo se ly  i nvo lved  w i th  
t h e  s u b j ec t  b e i n g  s t u d i e d .  T h e  i n s i gh t  a f fo r d e d  t h e  r ea d e r  i n t o  t h e  
work ings  o f  t he  s t a r t - up  shou ld  co n t r i b u t e  a  u n i q u e  s e t  o f  r e s u l t s  t o  
t h i s  f i e l d  o f  r e s ea r ch .  
 
T h e  v a l i d i t y  o f  t h e  d a t a  ha s  t o  b e  add re s sed  nex t .  Due  t o  t he  va r i ous  
s o u r c e s  o f  i n f o r ma t i o n  u s e d  i n  t h i s  s t u d y ,  c o n s t ru c t  v a l i d i t y  i s  
ma i n t a i n e d .  M u l t i p l e  p e o p l e  w e r e  i n t e r v i e we d ,  a n d  d o c u me n t a t i o n  
a n d  p a r t i c i p a n t  o b s e r v a t i o n s  h e l p e d  t o  e n s u r e  t h a t  a  s i n g l e  p i e c e  o f  
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e v i d e n c e  d i d  n o t  s k e w  t h e  f i n d i n g s .  
 
T o  ma i n t a i n  i n t e r n a l  v a l i d i t y ,  a  p a t t e r n - ma t c h i n g  me t h o d  w a s  
fo l l owed .  The  Doo ley  i ndus t ry  su rvey  w a s  r e p e a t e d  f o r  t h e  s t a r t - u p  
c o mp a n y .  A n y  p r o p o s i t i on  ma d e  c o u l d  t h e r e fo r e  b e  t e s t e d  a g a i n s t  t h e  
e q u i v a l e n t  i n  t h e  i n d u s t r y .  I t  i s  t h e r e f o r e  p o s s i b l e  t o  s a y  t h a t  t h i s  
p a r t i c u l a r  s t a r t - u p  a c c e p t e d  a  s p e c i f i c  b e s t  p r a c t i se  mor e  o r  l e s s  t h a n  
t h e  i n d u s t r y  d i d .  
 
T h e  p u r p o s e  o f  t h e  s t u d y :  
 
T h e  r e s e a r c h  d o n e  w i t h  t h e  p a r t i c u l ar  s t a r t - up  c o m p a n y  w i l l  i d e n t i f y  
what  t h e  d i f f e re nc e s  a r e  b e t w e e n  g e n e r a l l y - a c c e p t e d  b e s t  p ra c t i s e  
m e t h o d s  a n d  t h e  b e s t  p r a c t i s e  m e t h o d s  i m p l e m e n t e d  b y  a  p a r t i c u l a r  
s t a r t - u p  company .  
 
T h e  r e s e a r c h  a c h i e v e d  t h i s  g o a l  b y  f i r s t  showing  t he  i ndus t ry  ave rage  
a s  f o u n d  i n  t h e  D o o l e y  s t u d y .  T h e n ,  b y  d o i n g  t h e  s u r v e y  a n d  c r o s s  
r e f e r enc ing  i t  w i th  o the r  sou rce s  o f  i n f o r ma t i o n  i t  w a s  p o s s i b l e  t o  
c o n f i d e n t l y  s h o w  t h e  d i f f e r e n c e s  b e t w e e n  t h e  i n dus t r y  a nd  t h e  
s p e c i f i c  s t a r t - u p .  
 
6 . 4 .  R e c o m m en d a t i o n s  
 
T h e  b i g g e s t  d r a wb a c k  o f  t h e  s t u dy  i s  t h a t  i t  i s  n o t  p o s s i b l e  t o  
g e n e r a l i s e  t h e  r e s u l t s  t o  t h e  i n d us t r y .  O ne  w a y  t o  r e me d y  t h i s  
s i t u a t i o n  i s  t o  p e r f o r m a  s t u d y  o f  a  n u mb e r  o f  s t a r t - u p  c o mp a n i e s .  
T h i s ,  h o w e v e r ,  p o s e s  a  p r o b l e m,  a s  t he  s t udy  shou ld  d i s t i ngu i sh  
b e t w e e n  s t a r t - u p s  w h o  h a v e  a c h i e v e d  a  me a s u r e  o f  s u c c e s s  a n d  t h o s e  
whe re  i t  i s  no t  ye t  pos s ib l e  t o  measu re  any  succe s s .  Measu re s  o f  
s u c c e s s  mi g h t  b e :  i n c o me  t o  t h e  s t a r t - u p ,  s u c c e s s f u l  p r o d u c t  l a u n c h  
o r  b e i n g  b o u g h t  b y  a  b i g g e r  c o mp a n y  t h a t  w a n t s  t o  a u g me n t  i t s  
t e c h n o l o g y  c a p a b i l i t y .  I f  t h e  r e s e a r c h e r  w e r e  t o  i d e n t i f y  s t a r t - u p s  
w h o  s a t i s f y  t h e s e  p r e r e q u i s i t e s  t he  s a me  b e s t  p r a c t i s e  q u e s t i o n s  
s h o u l d  b e  p u t  t o  t h e m.  
 
T h e  r e s u l t s  s h o u l d  t h e n  b e  c o mp a r e d  a g a i n s t  t h e  r e s u l t s  ob t a ined  by  
t h i s  s t udy .  I t  wou ld  t hen  be  pos s ib l e  t o  g e n e r a l i s e  t h e  r e s u l t s  o f  t h e  
s t u d y  t o  t h e  i n d u s t r y .   
 
Resea r ch  abou t  s t a r t - up  compan i e s  i s  i mp o r t a n t  a s  t h e s e  c o mp a n i e s  
c r e a t e  j ob s  a n d ,  i f  s u c c e s s f u l ,  w e a l t h  a n d  p o t e n t i a l  c o n t r i b u t i o n s  t o  
s c i e n c e .  T h e  l a s t  f e w  d e c a d e s  h a v e  s h o w n  t h a t  t h e  l i k e s  o f  I n t e l ,  
M i c r o s o f t  a n d  o t h e r s  c a n  t r u l y  c h a n g e  t h e  w a y  t h e  w o r l d  w o r k s .  I t  i s ,  
h o w e v e r ,  e x t r e me l y  r i s k y  a n d  d i f f i c u l t  t o  c r e a t e  s u c c e s s  w h e r e  s o  
ma n y  o t h e r s  f a i l .  T h e  mor e  i n f o r ma t i o n  a n d  t o o l s  a v a i l a b l e  t o  t h e  
e n t r e p r e ne u r  t h e  be t t e r  o f f  t h e  e n t r e p r e n e u r  w i l l  b e .   
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 Tools  Appendix  
 
T h i s  c h a p t e r  w i l l  p r o v i d e  a  d e s c r ip t i on  o f  t he  t oo l s  u sed  by  Zy ray  
Wi r e l e s s .  
 
 
1 .1 .  S h a r e p o i n t  
 
S h a r e p o i n t  i s  a  we b  b a s e d  c o l l a b or a t i o n  t o o l  p r o v i d e d  b y  M i c r o s o f t .  
T h e  g o a l  o f  t h i s  s y s t e m i s  t o  p r o v i d e  a  s i n g l e  e n t r y  p o i n t  f o r  t h e  
k n o w l e d g e  a v a i l a b l e  i n  t h e  c o mp a n y .  Th rough  t he  po r t a l  t he  u se r  
m u s t  b e  a b l e  a c c e s s  i n t e r na l  d o c u m e n t s  a n d  s p e c i f i c a t i o n s ,  e x t e r n a l  
spec i f i c a t i ons ,  i ndus t ry  news ,  p ro j e c t  p l a n s  a n d  w h a t e v e r  d a t a  i s  
p e r t i n e n t  t o  t h e  fu r t h e r i ng  o f  t h e  c o mpa n y  g o a l s .  T h e  i n t e r f a ce  
p r o v i d e s  l i n k s  t o  d i f f e r e n t  d a t a b a s e ’ s  i n c l u d i n g  f i l e  s e r v e r s ,  i n t e r n e t  
s i t e s  a n d  d a t a b a s e ’ s .   
 
T h e  f o l l o w i n g  t e c hn o l o g i e s  a r e  u s e d :  
Wi n d o w s  2 0 0 0  S e r v e r  i t  p r o v i d e s  f i l e  a n d  p r i n t  s e r v i c e s ,  i n t e r n e t  
i n f o r ma t i o n  s e r v i c e s ,  r o u t i n g  a n d  r e mo t e  a c c e s s  a mo n g s t  o t h e r  
f e a t u r e s .  
 
O f f i c e  X P  i s  u s e d  t h i s  i n c lu d e s  a l l  t h e  M i c r os o f t  o f f i c e  p r o g r ams  t h a t  
d o mi n a t e  t h e  ma r k e t  t o d a y .  W o r d ,  E x c e l ,  P r o j e c t  e t c .  
 
Wi ndows  Exp lo r e r  i s  u sed  t o  p r ov ide  ea sy  nav iga t i on ,  v i ewing  and  
s ea r ch  nav iga t i on .  
 
Do c u me n t  ma n a g e me n t  s e r v i c e s  t ha t  p rov ide s  docume n t  check - in  and  
c h e c k - o u t  s e r v i c e s  s o  t h a t  a  d o c u me n t  i s  r e se r v e d  f o r  w o r k  b y  o n e  
u s e r .  V e r s i o n  t r a c k i n g  p r o v i d e s  e a s y  r o l l  b a c k  t o  p r i o r  v e r s i o n s .  
C o l l a b o r a t i o n  a c r o s s  t h e  w e b  i s  e n a b l e d  v i a  h e  d i s c u s s i o n  a n d  ma r k -
u p  f e a t u r e s  o f  O f f i c e .  S e c ur i t y  f e a tu r e s  e n s u r e s  ( a t t e m p t s  t o  e ns u r e )  
t h a t  d o c ume n t s  a r e  o n l y  v i e w a b l e  b y  u s e r s  w i t h  t h e  c o r r e c t  a c c e s s  
r i g h t s .   
 
T h e  P o r t a l  p r o v i de s  e x t e n s i v e  s e a r c h  a n d  w e b  c r a w l i ng  c a p a b i l i t i e s .  
R e l e v a n t  d o c u me n t s  a r e  p a r s e d  and  s ea r ched  t o  p rov ide  r e l evan t  
me t a d a t a  a n d  c o n t e n t .  
 
T h e  P o r t a l  F r a me w o r k  i s  c u s t o mi s a b l e  s o  t ha t  d a t a  i s  p r e s e n t ed  i n  a  
w a y  t h a t  s u i t s  t h e  p a r t i c u l a r  o r g a n i s a t i o n .   
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Figure 17 Sharepoint Portal Server components 

 

 
 
The  so f twa re  works  by  c r ea t i ng  a  p o r t a l  w e b  s i t e .  T h i s  s i t e  i s  
c e n t r a l i z e d  n a v i ga t e  a b l e  a c c e s s  p o in t  f o r  d a t a .  T h e  d a t a  c a n  b e  
b rowsed ,  s ea r ched ,  docume n t s  c an  be  checked  i n  and  ou t ,  documen t  
r e v i s i o n  h i s t o r i e s  c a n  b e  v i e w e d  and  documen t s  c an  be  app roved  fo r  
p u b l i c a t i o n .   
 

 
Figure 18 Internal document viewing 

 

 
T h e  p o r t a l  a l s o  p r o v i d e s  a c c e s s  t o  i n fo r ma t i o n  o f f  t h e  s i t e  a n ywh e re  
o n  t h e  i n t e r n e t .  C on t e n t  c a n  b e  s e a r ched  t o  p rov ide  URL,  pa r s ing  and  
f i l t e r i n g  o f  r e l e v an t  d a t a  f r o m  d o c u me n t s  a n d  o r g a n i sa t i o n  o f  t h e  
d a t a .  
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Figure 19 Web search facilities 

 

 
  
 
1 .2 .  Bug  Trac k i ng  
 
F o l l o w i n g  t h e  a p p o i n t me n t  o f  F A E ’s  a  b u g  t r a c k i n g  s y s t e m w a s  a l s o  
i mp l e me n t e d  i n  t h e  c o mpa n y .  T h i s  bec a me  n e c e s s a r y  b e c a u s e  p r ob l e m  
r e p o r t s  s t a r t e d  c omi n g  i n  f r o m d i f f e r e n t  s o u r c e s .  A  fo r ma l  p r o c e s s  
h a d  t o  b e  f o l l o w e d  o t h e r wi s e  s o me  i s s u e s  mi g h t  b e  n e g l e c t e d .  T h e  
s o f t w a r e  u s e d  i s  a  p r o g r a m c a l l e d  T e s t  T r a c k  P r o .   
 
T e s t  T r a c k  P r o  ( T T P )  i s  a  b u g  t r a c k i n g  a n d  r e p o r t i n g  t o o l  f r o m 
S e a p i n e  s o f t w a r e .  T h e  s o f t w a r e  c a n  b e  u s e d  t o  r e p o r t  a  b u g  a n d  
a s s i g n  t h e  b u g  t o  a  s p e c i f i c  p e r s o n  t o  f i x  o r  c o o r d i n a t e  t h e  p r o c e s s  o f  
f i x i n g .  T h e  s t a t u s  o f  t h e  b u g  i s  t r a c k e d  a n d  c h a n g e d  o v e r  t i me  a s  t h e  
bug  i s  f i xed .  The  so f twa re  a l so  ha s  a  web -ba sed  i n t e r f ace  t ha t  l e t s  
c l i e n t s  r e p o r t  b u g s  a s  w e l l .  T h e  w o r d  ‘bug ’  i s  u sed  he r e  t o  de sc r i be  a  
d e f e c t  i n  t h e  p r o du c t  o r  a l t e r n a t i v e l y  a  n e w  fe a t u r e  t ha t  mu s t  be  p u t  
i n t o  t h e  p r o d u c t .  
 
A l o n g  w i t h  e v e r y  e n t r y  i n t o  t h e  T T P  d a t a b a s e  t h e  u s e r  c a n  a d d  
c u s t o mi s a b l e  i n fo r ma t i o n  an d  f i e l d s .  T T P  l e t s ’  t he  u se r  a t t ac h  f i l e s  
a n d  d a t a  s o  t h a t  t h e  p r o b l e m i s  c le a r l y  i d e n t i f i e d  a n d  d e s c r i b e d .  S o m e  
o f  t he  f i e l d s  i nc lude  t he  p roduc t  t he  bug  was  found  on ,  t he  s eve r i t y  
o f  t h e  p r o b l e m,  t h e  t e s t  c o n f i g u ra t i o n  t o  r e p r o d u c e  t h e  p r o b l e m a n d  
t h e  p e r s o n  w h o  i d e n t i f i e d  t h e  p r o b l e m .  
 
A s  s o o n  a s  a  n e w  b u g  i s  e n t e r e d  i n t o  t h e  d a t a b a s e  o r  t h e  s t a t u s  o f  t h e  
bug  changes  an  ema i l  no t i f i c a t i on  i s  s e n t  t o  p e o p l e  o r  g r o u p s  w h o  
w e r e  i d e n t i f i e d  a s  n e c e s s a r y  t o  kn o w  a b o u t  t h e  p r o b l e m.  W h e n  a  
d e f e c t  i s  a s s i g n e d  t o  a  s p e c i f i c  t e a m me mber  he  w i l l  au to ma t i ca l l y  be  
n o t i f i e d .  I n  t h i s  w a y  a l l  t he  d i f f e r e n t  t e a m me m b e r s  f r o m e n g i n e e r s ,  
s u p p o r t ,  ma r k e t i n g ,  ma n a g e me n t  a n d  i f  nece s sa ry  c l i en t s  a r e  kep t  up  
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t o  d a t e  a s  t o  t h e  s t a t u s  o f  t he  p rob l em.  
 
T T P  a l s o  o f f e r s  a d v a n c e d  f i l t e r i n g  c a p a b i l i t i e s  t o  e n ab l e  t h e  us e r  t o  
f i l t e r  t h e  b u g s  i n  t h e  d a t a b a s e  a c co r d i n g  t he  s p e c i f i c  c r i t e r i a .  T h e  
c r i t e r i a  i n c l u d e s ,  a s s i g n e d  t o  w h i c h  u s e r ,  a c c o r d i n g  t o  s t a t u s ,  
a c c o r d i n g  t o  t h e  p r o d u c t  t h e  d e f e c t  w a s  i d e n t i f i e d  on  a n d  v a r i o u s  
o t h e r  c r i t e r i a .  
 
The  so f t wa re  o f f e r s  d i f f e r en t  t i e r s  o f  s e c u r i t y  t o  c o n t r o l  t h e  a c c e s s  t o  
t he  da t abase  by  d i f f e r en t  g roups  o r  peop l e .   
 

 
Figure 20 List of Bugs in Test Track Pro 
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Figure 21 Editing a defect 
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Figure 22 Bug tracking database 
 

 
 A s  c a n  be  s e e n  f r o m t h e  p i c t u r e  a bov e  t h e  da t a b a s e  i s  s p l i t  i n t o  t w o  
l e v e l s .  On  t h e  h i ghe r  t i e r  t h e  c u s tomer  o r  pa r t ne r  compan i e s  en t e r  
bugs .  These  bugs  a r e  eva lua t ed  by  t he  FAE and  i f  t hey  canno t  so lve  
t h e m t h e  b u g s  a r e  f o r w a r d e d  t o  e i t h e r  t h e  c o r e  t e c h n o l o g y  t e a m o r  t h e  
p l a t f o r m a n d  t o o l s  t e a m.  B u g s  c a n  b e  a s s i g n e d  t o  a  p e r s o n  w i t h  a  
s p e c i f i c  p r i o r i t y .  T h e  b u g  c a n  t h e n  b e  p a s s e d  t o  d i f f e r e n t  p e o p l e ,  
d e p e n d i n g  o n  w h o  n e e d s  t o  r e s o l v e  i t .  F i n a l l y  t h e  b u g  i s  c l e a r e d  w h e n  
i t  i s  r e s o l v e d  a n d  t e s t e d .  
 
N o t e  t h a t  n o  f o r ma l  b u g  t r a c k i n g  w a s  d o n e  u n t i l  mi d  2 0 0 3 .  
 
 
 
1 .3 .  DOORS 
 
D O O R S  i s  a  r e q u i r e me n t s  m a n a g e men t  p r o d u c t  p r o v i d ed  by  Te l e log i c .  
I t  c a p t u re s  a n d  l i n k s  i n fo r ma t i o n  t o  e n s u r e  a  p r o j ec t s  c o mp l i a n ce  
w i th  a  s e t  o f  s t anda rds .  DOORS a s s i g n s  a  u n i q u e  i d e n t i f i e r  t o  e a c h  
r e q u i r e m e n t ,  t h e se  i d e n t i f i e r s  c a n  be  l i nked  t o  o the r  h ighe r  l aye r  
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r e q u i r e m e n t s  r i g h t  u p  t o  t h e  s e t  o f  s t a n da r d s .  T he  c o mpa n y  c a n  
t h e r e f o r e  t r a c k  i t ’ s  p r o g r e s s  t o w a r d s  c o mpl y i n g  t o  a  s e t  o f  s t a nd a r d s .  
I t  i s  a l so  a  w a y  f o r  t h e  c o mpa n y  t o  show ou t s i de  pa r t i e s  t ha t  a l l  
r e q u i r e m e n t s  a r e  me t .  
 
D o c u me n t a t i o n  c a n  b e  v i e w e d  o v e r  t h e  i n t e r n e t  a n d  s ec u r i t y  
a t t r i b u t e s  c a n  b e  s e t  o n  a  p e r  u s e r  b a s i s .  D O O R S  a l s o  i mp l e me n t s  a  
c h a n g e  p r o p o s a l  s y s t e m t h a t  l e t s  t h e  u s e r  ma k e  c h a n g e s  o r  s u b mi t  
c h a n g e s  f o r  r e v i e w .  Wh e n  u p d a t e s  a r e  m a d e ,  a u t o ma t i c  e ma i l  
n o t i f i c a t i o n s  c a n  b e  s e n d  t o  t h e  r e l e va n t  p a r t i e s .   
 
D O O R S  p r o v i d e s  d i f f e r e n t  t o o l s  t o  v i e w  a n d  e d i t  t he  i n fo r m a t i o n  
s t o r e d  i n  i t ’ s  d a t a  b a s e .  DO O R S  o f f e r s  a  l oc a l  i n t r a n e t  v i e w e r ,  a m 
in t e rne t  web -based  v i ewer  and  o f f l i n e  e d i t i n g  u s i n g  M i c r o s o f t  Wo r d .  
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 Project  Post  Mortem Quest ions  
 

1. General Questions 

1. Are you proud of our finished deliverables (project work products)? If yes, what's so good about 
them? If no, what's wrong with them? 
2. What was the single most frustrating part of our project?  
3. How would you do things differently next time to avoid this frustration? 
4. What was the most gratifying or professionally satisfying part of the project?  
5. Which of our methods or processes worked particularly well? 
6. Which of our methods or processes were difficult or frustrating to use? 
7. If you could wave a magic wand and change anything about the project, what would you 
change? 
8. Did our stakeholders, senior managers, marketing etc. participate effectively? If not, how could 
we improve their participation? 
9. What specific part of your project showed the most innovation? 
10.  Was the communication within the project effective enough so that you knew all the issues 
affecting your design and your work  all the time? 
 
Rate the overall project (circle your choice) 
1 – The worse project, you have ever worked on 
3 – There were some good points in the project, but mostly bad 
5 – We did no better or worse than any of your previous projects 
7 – For the most part of the project, we executed well 
10 – All aspects of the project were executed extraordinarily well 
 
 
2. Requirements definition 
 
11. Did you have a clear understanding at the start of the project of the exact requirements of your 
specific tasks? 
12. Did you have a clear understanding at the start of the project of where your specific 
development task integrated with the larger system? 
13. What was your opinion of the quality of the original design that you had to implement as 
outlined in your source document (3GPP spec and/or Systems docs)?  Was it significantly changed 
after you started working on the project?  
14. Did all the important project players have creative input into the design process? If not, who 
were we missing and how can we assure their involvement next time? 
15. How could we have improved our work process for creating deliverables specifications? 
16. Was the description of the design detailed and clear enough to enable a smooth development 
phase? 
 
Rate the requirements you had to work from (circle appropriate source  
3GPP     
Systems Doc  
Other __________________) 
(Circle your choice) 
1 – The worse requirements ever 
3 – After many hours, it started to make some sense 
5 – Requirements were acceptable 
7 – The requirements were fine 
10 – You could implement the system without asking anyone a question they couldn’t answer 
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3. Project Planning  
 
17. How accurate were our original estimates of the size and effort of our project? What did we 
over or under estimate? (Consider deliverables, work effort, materials required, etc.) 
18. How could we have improved our estimate of size and effort so that it was more accurate? 
19. Did we have the right people assigned to all project roles? (Consider subject matter expertise, 
technical contributions, management, review and approval, and other key roles) If no, how can we 
make sure that we get the right people next time? 
20. Describe any early warning signs of problems that occurred later in the project? How should we 
have reacted to these signs? How can we be sure to notice these early warning signs next time? 
21. List any person you believe were not involved early enough in our project. How can we avoid 
these oversights in the future? 
22. Were all team/stakeholder roles and responsibilities clearly delineated and communicated? If 
not, how could we have improved these? 
22. Were the deliverables specifications, milestones, and specific schedule elements/dates clearly 
communicated? If not, how could we improve this? 
23. Were all dependencies for the design phase of your project taken into account in the original 
plan? 
24. Were all dependencies for the integration phase of your project plan taken into account? 
 
 
 
Rate the project planning (circle your choice) 
1 – The plan wasn’t worth the paper it was written on 
3 – I once looked at the plan, but only briefly 
5 –The plan was useful only as a guideline 
7 – The plan had its flaws, but overall it was useful to help me to know how to schedule my effort 
10 – Wow, everything worked just like the plan said it would 
 
 
4 .  D e v e l o p m e n t  P h a s e  
 
25. Were you proud of your deliverables? If not, how could you have improved these? 
26. How could we have improved our development process for creating deliverables? 
27. What part of the development phase frustrated you most? 
 
 
 
 
 
Rate the development phase (circle your choice) 
1 – The most frustrating development of your life 
3 – It was a struggle, but I managed to get through it 
5 –Similar to previous development experiences 
7 – Very stimulating 
10 – The best work of my life 
 
5. Integration and Test 
 
28. Was the integration strategy for your work clearly defined and well thought out? 
29. Did you have adequate hardware and software resources available to complete your part of the 
project? 
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30. Did the test facilities, equipment, materials, and support people help to make the test an 
accurate representation of how the deliverables will be used in the "real world?" If not, how could 
we have improved on these items? 
31. Did we get timely, high-quality feedback about how we might improve our deliverables? If not, 
how could we get better feedback in the future? 
32. Was our integration and implementation strategy accurate and effective? How could we 
improve this strategy? 
 
 
 
Rate the integration effort (circle your choice) 
1 – Nothing seemed to work together the first time 
3 – Sometimes we lucked out and things worked 
5 – In general, we had to spend some time to get things to work together 
7 – We found bugs, but nothing unexpected 
10 – Everything integrated 100% the first time 
 
 
 
6. Management and control 
 
33. Did you always have a clear idea of the status of your part of the project? 
34. Did you fully understand how your part of the project influences other designers? 
35. Did you receive adequate feedback on the project status? 
36. Was the number of meetings held during the project to little, enough or to many? 
37. Did you feel that you have enough input into decisions that influence your work? 
38. Did you feel that management understood what you were doing? 
39. Did you feel that enough emphasis was placed on the quality of the design? 
40. Were the reporting lines clearly defined?  Did you always know who to report to etc? 
41. What is your opinion about the communication level between designers? 
42. Where issues that arose addressed quickly and efficiently? 
 
Rate the management and control (circle your choice) 
1 – What management? 
3 – Only good for signing Pos and buying pizza 
5 – It felt as if I worked for a big corporate 
7 – Management actually contributed to some parts of the project 
10 –If it weren’t for management, nothing would have worked 
 
 
7. Development Process 
 
43. Do you feel that we have a solid development process? 
44. What part of the development process would you like to change most? 
45. Did you have a clear understanding of what was expected from you in terms of documentation? 
46. Did you have a clear understanding of what was expected at reviews? 
 
 
Rate the development process (circle your choice) 
1 – Aaarrghh! 
3 – It adds very little value to the company 
5 – The process was acceptable 
7 – The process had some problems, but it does provide all the information required 
10 – Great, it helps me to focus on the development 
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Team Leader  Evaluat ion 
 
Team Leader Evaluated: 
 
Please rate this person (not their team) based on your personal interaction (not 
rumor or hearsay).  
Scale: 
1 - Always 
5 - Never 
? - Don't know 
 
 
Leadership and Management Rating 
1. Establishes a clear vision of the future as well as the tasks 
at hand. 

 

2. Makes sure team goals & priorities are understood  
3. Allocates resources appropriately  
4. Empowers team members appropriately  
5. Seeks new and better ways of doing things  
6. Encourages responsible risk taking  
7. Recognizes problems and takes appropriate action  
8. Actively works to remove barriers to getting work done  
9. Effectively coordinates workload with other teams  
10. Shares credit with the team/department  
  
Job Knowledge and Performance  
11. Has appropriate knowledge to perform leadership role  
12. Acknowledges own mistakes and takes corrective action  
  
Interpersonal Skills  
13. Is accessible  
14. Is sensitive to others' feelings and points of view  
15. Actively participates as a team member  
16. Seeks and considers my opinion on decisions affecting 
me 

 

17. Seeks to understand before rendering judgment  
18. Respects my abilities  
19. Deals with pressure and conflict positively  
20. Has a positive outlook on my team and the company  
  
Communication  
21. Communicates clearly  
22. Encourages diversity of opinions  
23. Shares information openly with the team  
24. Is approachable on difficult subjects  
  
Values  
25. Is someone I trust  
26. Treats me with respect  
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Mentoring and Performance Evaluation  
27. Sets reasonable expectations on scope of work and goals  
28. Provides information I need to perform my duties  
29. Provides valuable counseling and insight into my work.  
30. Discusses my career and training opportunities  
31. Is a positive role model  
32. Recognizes and rewards accomplishments  
  
Overall Assessment  
33. Is someone I would choose to work for on a team again   

 
 
Any additional comments: 
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Broadcom Acquis i t ion s tatement  
 
Acquisition Expands Broadcom's Growing Mobile Phone Portfolio to Include 3G 
WCDMA Products  

IRVINE, Calif. and SAN DIEGO, Jun 16, 2004 /PRNewswire-FirstCall via COMTEX/ -- 
Broadcom Corporation (Nasdaq: BRCM), a leading provider of highly integrated 
semiconductor solutions enabling broadband communications, today announced that it has 
signed a definitive agreement to acquire Zyray Wireless Inc., a leading provider of 
baseband co-processors addressing WCDMA (Wideband Code Division Multiple Access) 
mobile devices. Zyray's SPINNERchip™ co-processor enables third generation (3G) 
mobile communications technology to be easily added to current generation phone 
handsets and data terminals, complementing Broadcom's existing EDGE/GPRS/GSM 
mobile products with a cost effective WCDMA solution.  

Zyray's SPINNERchip technology, which is currently being integrated into several handset 
designs, enables data device manufacturers to bring true 3G phones to market rapidly. 
Pairing the SPINNERchip technology with Broadcom's single-chip EDGE/GPRS/GSM 
and GPRS/GSM baseband processors enables two-chip WCDMA multi-mode phones in 
the near term and provides the potential for future solutions with enhanced integration.  

WCDMA technology provides high-speed mobile connectivity with data rates of up to 
384Kbps (kilobits per second), enabling new applications such as video telephony and 
messaging, graphics-rich sports and news clips, interactive gaming, location-based services 
and improved web browsing. As cellular phones emerge as the dominant platform for 
media convergence, these new applications will help cellular carriers maintain and increase 
average revenue per user (ARPU). According to a recent Deutsche Bank Securities, Inc. 
market report, the worldwide WCDMA market is expected to approach 200 million units 
by 2008, representing over one-fourth of total handset sales.  

In addition to WCDMA technology, Zyray is currently developing HSDPA (High Speed 
Downlink Packet Access) functionality for integration into its next generation family of 
devices. HSDPA is the next step in the cellular evolutionary path after WCDMA and is 
expected to provide data rates of up to 10 Mbps in the downlink. Zyray is also developing 
MIMO (Multi-In, Multi-Out) transceiver technology that can significantly improve the 
performance of WCDMA and HSDPA. MIMO refers to radio links with multiple antennas 
at the transmitter and receiver to improve the performance of wireless connectivity. These 
techniques have broad applicability in several wireless and mobile technologies.  

"We see significant activity in the WCDMA handset space, and having Zyray's products 
and technologies in-house gives us the flexibility of offering our customers the ability to 
manufacture both low-cost EDGE phones as well as higher functionality WCDMA 
handsets," said Robert Rango, Group Vice President of Broadcom's Mobile & Wireless 
Group. "Zyray also enhances Broadcom's technology portfolio with valuable intellectual 
property in the HSDPA and MIMO areas."  

Broadcom offers a broad portfolio of mobile communications baseband processors, 
reference designs and cellular software protocol stacks, including the Broadcom® 
BCM2132 EDGE mobile multimedia processor, BCM2121 GPRS processor, and ML2011 
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GSM processor. The addition of Zyray's products and technologies will enable Broadcom 
to offer complete WCDMA and HSDPA baseband solutions and provide Broadcom with 
the opportunity to add MIMO transceiver technology to a broad spectrum of mobile and 
wireless technologies. Broadcom's proven expertise in mixed-signal and CMOS RF also 
enables the delivery of complete wireless, local and personal area network 
(WAN/LAN/PAN) solutions for mobile data communications with compelling size, cost 
and performance benefits.  

"With its EDGE products certified on the AT&T Wireless and Cingular networks, 
Broadcom is an ideal partner for our SPINNERchip technology, enabling us to provide 
mobile phone OEMs with immediate access to a next- generation technology coupled with 
a broad range of products already in use," said Werner Sievers, President and CEO of 
Zyray. "We expect to see our combined products play a major role in driving the adoption 
of smaller, lower power 3G mobile phones, significantly increasing the availability of 
WCDMA handsets and enabling exciting new mobile applications."  

The Zyray co-processor connects to existing EDGE/GPRS/GSM baseband processors via a 
standard memory interface, significantly simplifying multi- mode phone development 
while allowing manufacturers to capitalize upon their previous technology development 
investment. The Zyray architecture implements WCDMA functionality as a configurable 
set of hardware accelerators, rather than as software running on a general purpose digital 
signal processor (DSP), thereby enabling improved performance and lower power while 
retaining the ability to software-optimize the product. Future versions of the design are 
intended to handle up to 10Mbps in support of HSDPA.  

"With EDGE proliferating in North America and WCDMA gaining traction in Europe and 
Asia, we expect these technologies to dominate the cellular landscape going forward," said 
Neil Strother, Sr. Analyst from In-Stat/MDR. "Handset manufacturers are looking to 
silicon vendors for support of the full spectrum of WCDMA/EDGE/GPRS/GSM cellular 
standards to accommodate carriers who are aggressively moving to deploy next generation 
technologies."  

In connection with the acquisition, Broadcom will issue or reserve for issuance 
approximately 2.23 million shares of its Class A common stock (with a total value of 
approximately $96 million based upon the NASDAQ National Market closing price on 
June 15 of $42.84 per share) in exchange for all outstanding shares of Zyray capital stock 
and upon exercise of outstanding employee stock options and other rights of Zyray. In 
addition, Broadcom previously invested $3 million cash in convertible notes of Zyray that 
will be canceled without repayment in connection with the acquisition. A portion of the 
total consideration paid will be subject to escrow pursuant to the terms of the acquisition 
agreement. The merger transaction is expected to close during Broadcom's third fiscal 
quarter, which ends September 30. The boards of directors of both companies have 
approved the merger, which awaits approval by Zyray's shareholders and the satisfaction of 
regulatory requirements and other customary closing conditions. At closing, Broadcom 
expects to record a one- time charge for purchased in-process research and development 
expenses related to the acquisition. The amount of that charge has not yet been determined.  

About Zyray Wireless  
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Zyray Wireless develops the SPINNER™ family of WCDMA semiconductor products for 
3G mobile devices. SPINNERchip is an add-on WCDMA baseband processor that enables 
handset manufacturers to develop single-mode WCDMA, dual-mode GPRS/GSM & 
WCDMA and tri-mode EDGE/GPRS/GSM & WCDMA devices in a cost effective, low 
risk and time efficient manner. The SPINNER solution incorporates Space-Time 
Processing (STP) technology that provides improved data-rate throughout the cell coverage 
area and increased network capacity.  

About Broadcom  

Broadcom Corporation is a leading provider of highly integrated semiconductor solutions 
that enable broadband communications and networking of voice, video and data services. 
We design, develop and supply complete system- on-a-chip (SoC) solutions incorporating 
digital, analog, radio frequency (RF), microprocessor and digital signal processing (DSP) 
technologies, as well as related hardware and software system-level applications. Our 
diverse product portfolio addresses every major broadband communications market and 
includes solutions for digital cable and satellite set-top boxes; high definition television 
(HDTV); cable and digital subscriber line (DSL) modems and residential gateways; high-
speed transmission and switching for local, metropolitan, wide area and storage 
networking; home and wireless networking; cellular and terrestrial wireless 
communications; Voice over Internet Protocol (VoIP) gateway and telephony systems; 
broadband network and security processors; and SystemI/O™ server solutions. These 
technologies and products support our core mission: Connecting everything®.  

Broadcom is headquartered in Irvine, Calif., and may be contacted at 1-949-450-8700 or at 
www.broadcom.com.  
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Press  Releases  
 
1 .4 .  Pres s  Re l ease s  2004  
 
Feb 23, 2004 
Zyray’s SPINNER®chip Selected by Infineon Technologies for World’s First 
ARM®9 based Multimedia Platform supporting GPRS, EDGE and UMTS  

 
Cannes, France, February 23, 2004: US based Zyray Wireless announced today that their 
SPINNERchip WCDMA co-processor has been selected by Infineon Technologies for its 
multi-mode (GSM/EGPRS & W-CDMA) reference handset. The reference handset has 
been developed by Infineon with the support of Zyray and will be showcased at the 3GSM 
World Congress in Cannes.  
 
Zyray’s recently released SPINNERchip1.1 serves as the WCDMA co-processor for 
Infineon’s S-GOLD® GSM/EGPRS application enhanced modem IC. To complete the 
WCDMA solution, Infineon’s market leading SMARTi-U UMTS single chip RF 
transceiver is combined with SPINNERchip. 
 
SPINNERchip 1.1 is the latest evolution of the SPINNER family of products from Zyray, 
and is slated for mass production later this year. Extensive testing and verification has 
already been completed resulting in a robust and proven product. Interoperability Testing 
(IOT) has been completed with 5 major infrastructure vendors and in key European and 
Asian markets. 
 
 
 
“As a leading platform provider for mobile communications, Infineon Technologies 
combines forces with reliable partners to offer competitive multimedia solutions to our 
customers,” said Dominik Bilo, CMO of the Secure Mobile Solutions Group, Infineon 
Technologies. “Continuous innovation, short design cycles and the product quality are the 
characteristics that make Zyray such a preferred partner for Infineon Technologies” 
 
Werner Sievers, CEO of Zyray Wireless, said: “Together Infineon and Zyray are able to 
offer OEM’s and ODM’s a compelling solution, which incorporates multi mode 
(GSM/EGPRS & WCDMA) functionality with a range of features and applications in a 
small form factor. With our proven speed of integration we can offer a very quick 
turnaround on handset projects which is important in the extremely competitive 3G 
market.”  
 
Visit Zyray Wireless at Hall 2 Stand F22 
Visit Infineon Technologies at Hall 1 Stand A19 
 
  
Feb 23, 2004 
Zyray Wireless To Demonstrate Patented Smart Antenna Technology 
Solution Provides 3.5 - 4.0db Improvement Over Single Antenna Solutions  

 
Cannes, France, February 23, 2004: With the launch of SPINNERchip 1.1 today at the 
3GSM World Congress in Cannes, Zyray Wireless is showcasing proprietary technology 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  KKooeekkeemmooeerr,,  PP    ((22000055))  



 155

that enables the worlds first commercially available dual-mode (GSM/GPRS & WCDMA) 
multi-antenna diversity chipset for handsets. Zyray's SPINNERchip SD, which 
incorporates patented smart antenna technology, is the first in a series of Space-Time 
Processing (STP) products for mobile handsets, which the company plans to release. The 
product line will evolve to include enhanced MIMO and HSDPA enabled chipsets. 
 
Increasing demand for high performance broadband wireless communication calls for use 
of multiple antennas at both the base station and in the subscriber unit. SPINNERchip ‘s 
Single Channel (SC) MIMO implementation, which utilizes two receive antennas and, 
combined with Zyray’s Smart Diversity, Optimum Combining and Adaptive Interference 
Cancellation techniques, provides an average improvement of 3.5 - 4.0dB in Signal to 
Interference Noise Ratio (SINR) over single antenna solutions. Benefits to network 
operators and cellular users include improved network capacity, significantly improved 
data-rates throughout the cell, improved cell coverage area, and reduced dropped calls.  
 
Pieter Van Rooyen, Founder and Chief Technology Officer of Zyray Wireless said: 
“Multiple antenna technology is the only wireless technology currently available to resolve 
the bottlenecks of traffic capacity in the new high-speed broadband wireless internet access 
networks such as GPRS/EDGE, UMTS (WCDMA) and 802.11xx. It is important to note 
that this technology is now available for use on mobile handset platforms.” 
 
SPINNERchip is integrated as an add-on WCDMA baseband processor coupled with 
existing chipsets to provide dual-mode (GSM/GPRS & WCDMA) and multi mode 
(GSM/GPRS/EDGE & WCDMA) solutions.  
 
See Zyray at Hall 2 stand F22 at the congress. 
 
  
 
Feb 17, 2004 
Zyray Wireless Puts UMTS on the Fast Track With SPINNERchip 1.1  

 
SAN DIEGO, Feb. 17 The timeline for commercial realization of UMTS-capable wireless 
devices has been significantly shortened with the launch of Zyray Wireless' SPINNERchip 
1.1 add-on WCDMA baseband processor. 
 
SPINNERchip enables device manufacturers to develop single-mode WCDMA, dual-mode 
GSM/GPRS & WCDMA and multi-mode GSM/GPRS, EDGE & WCDMA devices in a 
low risk, cost effective and time efficient manner. A time line of 6 months from project 
start to Interoperability Testing (IOT) and less than one year to mass production is 
achievable. 
 
"The speed of integration afforded by the add-on architecture is evident in the fact that the 
new SPINNERchip 1.1 has already been integrated into  
multiple form factor size platforms a mere 7 to 8 weeks after we received it back from the 
fab. We will be demonstrating two of these in Cannes; a world's first high performance 
multimedia phone platform supporting UMTS, EDGE and GPRS and a world's first 
EDGE+UMTS PC card," said Werner Sievers, President and CEO of Zyray Wireless. 
 
SPINNERchip 1.1 is housed in a compact 10x10mm BGA including integrated analog 
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technology and is flexible enough to mate with various RF transceivers, baseband 
processors and dual-mode protocol stacks. This universal flexibility has resulted in 
SPINNERchip being adopted by multiple Tier 1 semiconductor partners and it is already 
being designed into multiple end customer products. SPINNERchip can also be provided 
in die form to be included in customizable MCM (Multi Chip Module) solutions. Given the 
availability of many existing mature, high volume 2G / 2.5G solutions, SPINNERchip's 
ability to integrate with these maximizes the benefit from their high volume/lower cost. 
 
SPINNERchip 1.1 is fully 3GPP Release 99 December 2003 compliant and is firmware 
upgradeable to support Downlink Shared Channel (DSCH) and all other 3GPP Release 4 
features. A configurable hardware / flexible software design approach was chosen for 
SPINNERchip to ensure a robust design platform for future developments as well as to 
facilitate low power consumption. 
 
SPINNERchip supports 384kb/s in both the uplink and downlink and is upgradeable to a 
2Mb/s class modem. SPINNERchip includes proprietary Adaptive Interference 
Cancellation (AIC) and Optimum Combining algorithms and support for multiple antennas 
in either handset or PCMCIA platforms. 
 
A full suite of support peripherals and services are provided with SPINNERchip. "The 
support provided by the Zyray engineering team is key to the short integration times we 
have been able to achieve. We provide a complete solution with SPINNERchip, which 
includes evaluation boards, software development and testing tools and excellent real-time 
tracing and data logging capabilities. Beyond that we work very closely with our partners 
to ensure a quick turnaround on customer projects, " said Michiel Lotter, VP of 
Engineering. 
 
Upcoming versions of SPINNERchip will support future evolutions of 3G technology 
including HSDPA (high-speed downlink packet access). HSDPA, an enhancement to W-
CDMA technology, provides ultra high-speed downlink capability. 
 
SPINNERchip with its unique architecture recently received the 'Most Innovative Product' 
Award from UCSD Connect. Part of the University of California, San Diego, CONNECT 
is a globally recognized organisation supporting the growth of the most promising 
technology businesses. 
 
Zyray will demonstrate SPINNERchip 1.1, Stand F22, Hall 2 at the 3GSM World 
Congress, Cannes, France, 23rd to 26th February 2004. 
 
  
 
 
Feb 04, 2004 
Zyray Wireless Appoints Semiconductor Veteran as Chief Financial Officer  

 
San Diego, CA February 4, 2004 - Zyray Wireless, a San Diego based company 
developing the SPINNER<SUPTM< sup> family of wireless semiconductor products, 
announced today that David Lyle, has joined the company as Chief Financial Officer. Lyle 
has 18 years of finance experience, which includes extensive experience in operational 
finance within the semiconductor industry as well as venture funding and mergers and 
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acquisitions. 
 
Lyle comes to Zyray from Mobilian Corporation, a wireless data communications 
semiconductor company. As CFO of Mobilian, Lyle was instrumental in raising over $80 
million for Mobilian as well as growing the company and leading it through acquisition by 
Intel Corporation in October 2003. 
 
Prior to Mobilian, Lyle served in various roles at Intel Corporation, including an 
operational finance role in the microprocessor and networking groups. With Intel Capital, 
Lyle focused on mergers and acquisitions for the wireless communications and computing 
group. During his tenure at Intel, he played a key role in various acquisitions including the 
$1.6 billion acquisition of DSP Communications and the $450 million acquisition of Basis 
Communications.  
 
Lyle spent the first half of his career in commercial banking focused on corporate lending 
and highly leveraged transactions. Lyle received his undergraduate degree in business from 
the University of Southern California and an M.B.A. from Arizona State University. In 
addition, Lyle holds a Master of International Management (MIM) degree from American 
Graduate School of International Management (Thunderbird) where he graduated with 
distinction. 
 
Werner Sievers, Vice President and Chief Executive Officer of Zyray Wireless 
commented, "David is a dedicated and talented professional who will be a valuable asset to 
our management team. David’s skills and experience are a perfect fit with Zyray’s needs as 
we make the transition from start-up and prepare for profitable growth." 
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1 .5 .  Pres s  Re l ease s  2003  
 
Dec 10, 2003 
Zyray Wireless wins annual UCSD Connect Most Innovative Product Award  

 
San Diego, CA, December 10, 2003 – Zyray Wireless, a San Diego based early stage 
company developing the SPINNERTM family of wireless semiconductor products, has won 
the Most Innovative Product (MIP) Award presented today by UCSD CONNECT. Part of 
the University of California, San Diego, CONNECT is a globally recognized, public 
benefits organisation supporting the growth of the most promising technology and life 
sciences businesses.  
 
Winners were selected based on their ability to demonstrate the product innovation, 
technological advancement, and potential for commercial success. The judges selected 
Zyray’s SPINNERchip as the most representative of all these in the Telecommunications 
category. SPINNERchip is an Add-on WCDMA Baseband Processor that enables handset 
manufacturers to develop single-mode WCDMA, dual-mode GSM/GPRS & WCDMA and 
tri-mode GSM/GPRS, EDGE & WCDMA devices in a cost effective, low risk and time 
efficient manner. By utilizing SPINNERchip, device manufacturers can achieve a time line 
of 6 months from project start to Interoperability Testing (IOT) and less than one year to 
mass production. In addition to considerable time and cost savings, the SPINNER solution 
incorporates patented Space-Time Processing (STP) technology that provides improved 
data-rate throughout the cellular coverage area and increased network capacity.  
 
Since 1988, the CONNECT MIP Awards program has served as a benchmark for 
predicting the region’s most successful emerging technologies. From early stage 
biotechnology companies to the first products generated by the region’s 
telecommunications boom, the awards program has been an indicator of the industries and 
technologies that have fueled the San Diego economy.  
 
The winners of the MIP Awards were selected from over 100 entrees by a distinguished 
panel of judges from business, law, accounting, technology, academia, finance, public 
relations, consulting and venture capital.  
 
“We are pleased to receive this recognition from UCSD Connect,” commented Werner 
Sievers, President and CEO of Zyray Wireless. “We are encouraged and highly motivated 
by this achievement and the enthusiasm with which our partners and customers have 
incorporated our innovative SPINNERchip Add-on WCDMA Baseband Processor into 
their mobile handset designs”. 
 
  
 
Oct 28, 2003 
Zyray Wireless Extends Relationship with Infineon to Take On 3G Market.  

 
San Diego, CA October 28, 2003 - Zyray Wireless, a San Diego based early stage 
company developing the SPINNERTM family of wireless semiconductor products, 
announced today that they have extended their relationship with Infineon Technologies, 
building upon their prior collaboration to provide a dual mode (GSM/EGPRS + WCDMA) 
handset solution. The two companies demonstrated the FP-1U dual mode handset reference 
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design at the 3GSM World Congress in Cannes, February 2003.  
 
The latest agreement, which builds upon their successful development partnership, now 
extends to include joint sales and marketing of complete handset solutions based on FP-
1U, with a view towards securing multiple customer commitments. In addition, both 
companies are also working closely to complete additional Interoperability Testing (IOT) 
that will ensure the delivery of a robust and proven WCDMA solution. As the companies 
prepare to unveil their combined product offering, which will be commercially available in 
2004, their increased collaboration provides the foundation for a strong customer 
proposition.  
 
"We welcome the enhancement of our relationship with Infineon and look forward to 
building upon our success at 3GSM by securing key customer commitments," said Thom 
Degnan, Senior VP of Sales at Zyray Wireless. Having the commitment of Infineon as one 
of our key partners further validates our SPINNERTM co-processor solution, which 
efficiently and cost effectively enables single mode WCDMA, dual mode and multi mode 
(GSM/GPRS/EGPRS + WCDMA) products."  
 
"Infineon Technologies is well positioned to accelerate market adoption of 3G by offering 
a cost-optimized solution at the right time," said Dominik Bilo, Chief Marketing Officer of 
the Infineon Technologies Secure Mobile Solutions Business Group. "This solution builds 
upon Infineon's proven 2G and 2.5G platforms and enables OEM's and ODM's to launch 
UMTS products quickly as an evolution of 2G products rather than developing a UMTS 
product from scratch. We look forward to taking the next steps together with Zyray as we 
work directly with handset customers."  
 
  
 
Oct 28, 2003 
Founder and CTO of Zyray Wireless to Speak on Space-Time Processing and MIMO 
Systems at the 2003 Wireless Internet Conference.  

 
San Diego, CA October 28, 2003 - Dr. Pieter van Rooyen, the Founder and CTO of Zyray 
Wireless, a San Diego based early stage company developing the SPINNERTM family of 
wireless semiconductor products, has been invited to speak at the 2003 Wireless Internet 
Conference taking place at the University of California, Los Angeles, on October 29-30, 
2003. The event brings together leading wireless experts both from industry and academia 
to provide a comprehensive overview of the Wireless Internet space.  
 
The conference focuses on convergence of wide area and local area wireless networks and 
covers the latest business models and technological innovations in cellular and Wi-Fi 
systems. Dr. van Rooyen's presentation is part of the "Software Radio, MIMO and Smart 
Antennas, Phased-Array Antenna, Nomadic Access and Technologies" Session taking 
place on October 29th, from 1:45 PM to 3:15 PM. Dr. van Rooyen will speak on the use of 
Space-Time Processing (STP) and Multiple-Input Multiple-Output (MIMO) Systems in 
next generation mobile devices. "As Wireless Internet users continue to grow, network 
operators will face new challenges in addressing the broadband needs of their subscribers 
within the constraints of allocated spectrum capacity," says Dr. van Rooyen. "STP and 
MIMO techniques are capable of resolving the bottlenecks of traffic capacity while 
improving overall system performance in wireless systems."  
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Commercial realization of STP does, however, present a number of challenges, especially 
for mobile devices. STP algorithms are computationally intensive while current devices 
have limited battery and processing capabilities. Zyray Wireless is addressing this 
challenge by developing a STP and Multiple Antenna solution for mobile devices that is 
cost effective, power efficient and physically compact.  
 
To learn more about Zyray Wireless please visit www.zyraywireless.com. To schedule a 
meeting with Dr. van Rooyen during the conference please email Larissa Kogan at 
lkogan@zyraywireless.com. For more information on the 2003 Wireless Internet 
Conference, please visit http://wireless.ucla.edu/2003w/index.asp.  
 
  
Oct 09, 2003 
Zyray Wireless, a leader in WCDMA and Space-Time Processing wireless 
technologies, invited to speak at ETRE 2003 Conference.  

 
San Diego, CA October 9, 2003 - Werner Sievers, President and CEO of Zyray Wireless, a 
San Diego based early stage company developing the SPINNERTM family of wireless 
semiconductor products, has been invited to speak at the European Technology Roundtable 
Exhibition (ETRE). ETRE will be held in Berlin, Germany, on October 15-18th, 2003 and 
brings together companies from 30 nations to discuss current technological trends and the 
growth of the IT and Telecommunications Industry. Mr. Sievers, who joins the CEOs of 
over 500 of the world's leading technology companies, will speak at 1:35 PM on October 
16th.  
 
ETRE features three days of intensive content, networking and exchange with the most 
comprehensive group of speakers, financiers and entrepreneurs from all over the world. It 
is a forum for companies ranging from existing technology leaders in hardware and 
software to future success stories in wireless, Internet and semiconductors. Now in its 14th 
year, the event is attended by the world's leading players such as Microsoft, IBM, Intel, 
British Telecom, Orange, SK Telecom, T-Mobile and others while also providing a 
platform for presentations on cutting-edge technologies by the firms that will make 
tomorrow's headlines.  
 
"We are pleased to share our outlook for the future of Wireless Communications with 
ETRE's distinguished audience," says Werner Sievers. "With 3G technology poised to take 
off, the Wireless Industry is entering an explosive phase for companies like ourselves 
delivering the technology that will facilitate the combining of high-speed mobile access 
with Web-based services. To play a key part in bringing to market innovative products that 
allow people to communicate, access information, do business, and be entertained 
everywhere, is very exciting."  
 
Zyray Wireless is enabling the rapid deployment of 3G technology by providing a low cost 
and low risk upgrade path for existing GSM/GPRS mobile devices to dual-mode 
GSM/GPRS & WCDMA terminals. Using SPINNERchip, an innovative add-on WCDMA 
baseband processor designed to interface with existing GSM/GPRS designs, handset 
manufacturers can, in a very short time frame, deliver dual-mode (GSM/GPRS & 
WCDMA) handsets in a low risk and cost effective manner.  
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Sep 17, 2003 
Zyray Wireless, a leader in WCDMA and Space-Time Processing wireless 
technologies, invited to speak on the Hot Startups Panel at the 2003 International 
Wireless Symposium.  

 
San Diego, CA September 17, 2003 - Zyray Wireless, a San Diego based early stage 
company developing the SPINNERTM family of wireless semiconductor products, has been 
invited to speak on the "Hot Startups" executive roundtable panel at the 2003 International 
Wireless Symposium being held at the San Diego Convention Center on September 22-23, 
2003. The International Wireless Symposium focuses on existing and emerging wireless 
communications and networking technologies delivering mobile access to the Internet and 
seeks to feature the companies leveraging the individual strengths of the various 
technologies to create better products and services.  
 
Dr. Pieter van Rooyen, Founder and CTO of Zyray Wireless, will share his perspective on 
the key challenges facing the wireless marketplace today and Zyray's unique approach to 
solving them. "Deployment of next generation WCDMA systems has presented the 
wireless industry with a set of technical hurdles. Among the key issues are the high cost of 
next generation handsets coupled with their general lack of availability," says Dr. Pieter 
van Rooyen. "At Zyray Wireless we have designed a WCDMA add-on baseband processor 
that enables a low cost and quick-to-market delivery of backward compatible 3G mobile 
devices."  
 
SPINNERchip is a WCDMA baseband add-on chip that interfaces with existing 
GSM/GPRS solutions to enable low-risk, low-cost evolution of existing GSM/GPRS 
products to dual-mode WCDMA & GSM/GPRS solutions. The solution uses a standard 
memory interface to connect to the existing GSM/GPRS baseband chips, requiring 
minimal re-design to add WCDMA capability. Utilizing SPINNERchip enables handset 
manufacturers to reduce development cycle time, maximize hardware and software reuse, 
and minimize dual-mode GSM/GPRS & WCDMA development costs. The solution 
incorporates many patented technologies such as Adaptive Interference Cancellation and 
Optimum Combining that provide enhanced performance and enable smaller size, lower 
cost and shorter integration time. Advanced SPINNER products incorporate a patented 
implementation of Space-Time Processing Technology enabling significant improvements 
in maximum data rates, cell coverage and overall network capacity.  
 
The "Hot Startups" Executive Roundtable Panel will take place on September 22nd, 
1:10pm - 2:25pm. The panel will feature Zyray Wireless and five other wireless startups 
and will be moderated by Leo Spiegel, a General Partner at Mission Ventures. For more 
information on the conference, please visit www.iws2003.com.  
 
  
Sep 15, 2003 
Zyray Wireless, a leader in WCDMA and Space-Time Processing wireless 
technologies, invited to speak at Enterprise China 2003 Conference.  

 
San Diego, CA September 15, 2003 - Zyray Wireless, a San Diego based early stage 
company developing the SPINNERTM family of wireless semiconductor products, has been 
invited to present at the Enterprise China 2003 Conference in Beijing, China, on 
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September 24-25th, 2003. Werner Sievers, President and CEO of Zyray Wireless, will 
present on "Enabling Low Cost Dual-Mode and Single-Mode WCDMA Handsets". The 
presentation is part of the Smart Devices Track and will commence at 10:30 AM on 
September 25th.  
 
The Enterprise China conference attempts to showcase technology applications with a 
focus on issues of value coming first and a clear communication of the justifications within 
each technology concept. Zyray Wireless' SPINNERchip solution provides significant cost 
savings by taking maximum advantage of the rapidly declining cost of high volume 
GSM/GPRS chipsets. "The rollout of WCDMA networks has suffered from a lack of low 
cost, backward compatible, dual-mode handsets", says Werner Sievers. "Handset makers 
are looking for WCDMA solutions that are easily integrated with existing designs to help 
them achieve time and cost savings. Our solution integrates with existing 2G/2.5G 
technologies, such as GSM/GPRS, PHS, PDC or cdma2000 solutions to provide a low-cost 
and low-risk evolution of existing single mode wireless devices, to multi-mode WCDMA-
enabled solutions."  
 
Panel discussions at Enterprise China 2003 will cover a wide variety of topics, such as the 
deployment of next generation mobile devices and service applications. The conference is 
attended by top management of carriers, device makers, application developers, third party 
service and content providers, key enterprise customers, system integrators and regulators. 
Enterprise China brings together executives from China Mobile, China Telecom, Kejian 
Corporation, China Putian Corporation, Eastern Communications Group and other 
prominent government and industry organisations. For more information on the event, 
please visit www.enterprisechina.com.  
 
  
Aug 25, 2003 
Former Qualcomm Executive joins Zyray Wireless as Senior Vice President of Sales.  

 
San Diego, CA August 25, 2003 Zyray Wireless, a San Diego based early stage company 
developing the SPINNERTM family of wireless semiconductor products, announced today 
that former Qualcomm Executive, Thom F. Degnan has joined the company as Senior Vice 
President of Sales. He is an experienced international communications executive who has 
spent a significant part of his business career in Europe, Asia and Latin America. Degnan 
has been involved in global sales management, contract negotiation, business development, 
joint venture development and equity fund raising for over twenty years and has developed 
over $1B in revenue streams for communications companies worldwide.  
 
Prior to this appointment, Degnan held a number of executive management positions in 
Sales, Marketing, and Business Development at Qualcomm. As Corporate Vice President 
of Business Development, he was responsible for the strategy and implementation of new 
wireless ventures in the international marketplace and also led the development of business 
relationships with key international carriers and equity funding organisations. Working 
with Pegaso PCS in Mexico, Degnan negotiated and closed a strategic infrastructure 
equipment and handset contract order that was the largest in company history. As Vice 
President of International Sales at Qualcomm, Degnan closed numerous contracts, led the 
marketing and sales effort to PCS and WLL carriers worldwide, and spearheaded the 
global sales and marketing effort for the advanced QuSAT wireless communications 
system in six target markets, including United States, South America, Europe, Southeast 
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Asia, China, and India.  
 
After leaving Qualcomm, Degnan was President and COO of Verticalband Ltd., a UK and 
San Diego based developer of Intellectual Property for wireless communications, digital 
television, and WAN infrastructure markets, where he directed the early stage activities of 
the company, developing its global strategy and operations as well as spearheading the 
Series-B fund raising effort.  
 
Degnan's extensive management experience includes executive positions at Scientific-
Atlanta and Cidera. While with Scientific-Atlanta and based in Paris, he led the 
restructuring of the European operations at Scientific-Atlanta, organized and closed a 
strategic sales and distribution agreement with British Telecom, increasing the annual sales 
for the business unit over 300%. As a Senior Vice President of Business Development for 
Cidera, a global broadband service provider for streaming media for the Internet, he 
negotiated and closed multi-million dollar global streaming deals with Real Networks, 
Microsoft and Apple, and closed contract distribution contracts with Akamai, Digital 
Island, Intel Media Services and other service providers.  
 
Mr. Degnan received a B.S. in Marketing from Connecticut State University and holds an 
MBA in International Business, and Finance from the University of New Haven, in 
Connecticut. He served as a member of the San Diego Host Committee for Super Bowl 
XXXVII, and is a regular speaker at telecommunications trade shows and industry 
symposiums.  
 
"Thom will be a valuable addition to the Zyray team. His extensive international sales and 
business development experience will empower us to aggressively pursue new design wins 
in multiple markets all over the world", said Werner Sievers, CEO of Zyray Wireless. "He 
will play an instrumental role in leading Zyray to secure key strategic agreements with 
handset and semiconductor manufacturers worldwide."  
 
 
Jul 14, 2003 
Zyray Wireless Announces Successful Interoperability Testing of its WCDMA 
Baseband Processor.  

 
San Diego, CA July 14, 2003 Zyray Wireless, a San Diego based start-up company 
developing the SPINNERTM family of wireless semiconductor products, announced today 
a successful completion of interoperability tests with a major European UMTS 
infrastructure equipment provider.  
 
The interoperability tests were performed using a form factor handset reference design, 
powered by SPINNERchip 1.0, Zyray's WCDMA baseband processor. Also part of the 
reference design was Infineon Technologies' S-GOLD EGPRS baseband processor and 
WCDMA/EGPRS RF transceiver solution including SMARTi-U and SMARTi-DC+. 
Comneon, a wholly owned subsidiary of Infineon, provided the multi mode protocol stack 
software.  
 
The SPINNERchip test results assure that Zyray Wireless' WCDMA solution is operational 
on commercial UMTS infrastructure equipment. Numerous features of the combined 
SPINNERchip and protocol stack solution were verified, including proprietary modem 
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algorithms within the packet data services environment.  
 
"We are working closely with key industry players to ensure interoperability," said Erik 
Jakobsen, Director 3G Software at Comneon. "Our WCDMA multimode software is a key 
element in the 3G mobile solutions of our customers, and we are pleased to work with 
Zyray Wireless to ensure a robust system when operating in a multi-vendor network 
environment. This will prove most important in enabling our customers to smoothly ramp 
up their 3G products in 2004."  
 
"The successful completion of interoperability testing with a major infrastructure vendor is 
another key step in delivering our WCDMA SPINNERchip solution to the market", said 
Michiel Lotter, Vice President of Engineering at Zyray Wireless. "Through continued 
testing with the major UMTS infrastructure providers, Zyray Wireless looks forward to 
providing a robust and proven WCDMA solution to its handset and data card customers."  
 
  
 
Jun 16, 2003 
Wireless Technology Leader Dr. Mark Kent Joins Zyray Wireless as Director of 
Systems Engineering.  

 
San Diego, CA June 16, 2003 Zyray Wireless, a San Diego based start-up company 
developing the SPINNERTM family of wireless semiconductor products, announced today 
that Dr. Mark Kent has joined Zyray Wireless as Director of Systems Engineering. Dr. 
Kent is an established technical leader who has successfully completed multiple ASIC 
designs for IS-95, CDMA2000, WCDMA, AMPS, TDMA and CDPD wireless 
communication standards.  
 
Prior to joining Zyray, Mark was the WCDMA baseband ASIC System Architect at 
Skyworks, formerly Conexant. As Systems Engineering Manager, Mark defined the 
complete modem architecture and implemented a revolutionary systems design 
methodology that significantly reduced time-to-market and improved reliability and 
verification.  
 
Before Skyworks, Mark was Engineering Manager at LG Electronics, responsible for their 
IS-95A/AMPS chipset development. In addition, Dr. Kent actively participated and 
represented LG Electronics in the CDMA2000 standards development group. Mark has 
also held various positions at PCSI, including leading the design of a multi-mode AMPS, 
TDMA & CDPD chipset.  
 
Dr. Kent received a bachelor's degree in Electrical Engineering from the University of 
California, San Diego (UCSD). He also holds a master’s degree and Ph.D. in Electrical 
Engineering from UCSD. Dr. Kent is the author of numerous patents in the area of Digital 
Communications Systems.  
 
"Mark’s broad expertise in wireless technology is a valuable addition to Zyray’s 
development team," said Michiel Lotter, Vice President of Engineering at Zyray Wireless. 
"He will play a key role in our engineering organisation as Zyray continues to deliver 
against an aggressive product roadmap.”  
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  KKooeekkeemmooeerr,,  PP    ((22000055))  



 165

  
 
May 27, 2003 
Wireless Industry Executive John Major Joins The Board of Zyray Wireless.  

 
San Diego, CA May 27, 2003 - Zyray Wireless, a San Diego based start-up company 
developing the SPINNERTM family of wireless semiconductor products, has announced 
today that John Major has joined Zyray Wireless’ Board of Directors. Mr. Major is the 
Founder and President of MTSG, an investment and strategic consulting partnership.  
 
Formerly, he served as Chairman and CEO of Novatel Wireless, which provides wireless 
data access solutions for PDAs and laptops. Mr. Major joined Novatel Wireless in August 
2000 and led the company's successful IPO in the fall of that year.  
 
Before Novatel Wireless, Mr. Major was Chairman and CEO of Wireless Knowledge, a 
San Diego-based joint venture between Microsoft, Inc. and QUALCOMM, Inc. Prior to 
joining Wireless Knowledge, Mr. Major served as corporate executive vice president of 
QUALCOMM, Inc. and president of its Wireless Infrastructure Division. Mr. Major also 
held several executive leadership positions at Motorola, Inc. As a senior vice president and 
CTO, he directed a broad range of research initiatives and led Motorola's efforts to develop 
world-class excellence in software.  
 
Mr. Major participates in several industry, research and educational organisations, 
currently serving on the Board of Governors' Executive Committees of the 
Telecommunications Industry Association (TIA) and the Electronic Industries Association 
(EIA). He is also an advisor to Wireless Facilities Inc. and a past advisor to Loral Space 
Systems. He is on the President’s Board on Science and Innovation for the University of 
California and a past member of Visitor's Board of the Software Engineering Institute of 
Carnegie Mellon University, the Computer Science and Telecommunications Board of the 
National Academy of Science, and the Trustee's Council of the University of Rochester.  
 
Mr. Major received a bachelor's degree in Mechanical and Aerospace Engineering from the 
University of Rochester and a master's degree in Mechanical Engineering from the 
University of Illinois. He also holds an M.B.A. from Northwestern University and a J.D. 
from Loyola University. Major received an honorary doctorate from Westminster College 
in 1995. He has 9 US Patents.  
 
"John’s strong background in wireless technology, including his senior management 
leadership at leading wireless technology companies, will be a valuable asset to Zyray 
Wireless," said Werner Sievers, President and CEO of Zyray Wireless. "We look forward 
to his active involvement and contributions to Zyray’s future growth.”  
 
  
 
Mar 12, 2003 
Zyray Wireless Co-Founder to speak at the IEEE Wireless Communications and 
Networking Conference 2003.  

 
San Diego, CA March 12, 2003 - Dr. Michiel Lotter, Co-Founder and Vice President of 
Engineering at Zyray Wireless, a San Diego based start-up developing the SPINNERTM 
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family of WCDMA and Space-Time Processing IP and semiconductor products for next 
generation mobile devices, will speak on Optimum Combining for WCDMA devices at the 
upcoming WCNC 2003 Conference. The event is co-located with CTIA Wireless 2003 and 
is being held at the Ernest N. Morial Convention Center in New Orleans, Louisiana on 
March 16-21, 2003.  
 
Dr. Lotter will speak on a new Optimum Combining Method designed to combat multi-
path fading and mitigate interference in WCDMA mobile devices. "The next generation of 
handsets presents a design challenge to deliver optimum signal quality within the 
constraints of limited power consumption. Optimum Combining addresses this challenge", 
says Michiel Lotter.  
 
SPINNERchip 1.0, Zyray's WCDMA add-on baseband processor, incorporates a 
combination of Adaptive Interference Cancellation and Optimum Combining to achieve a 
1-3dB gain in SINR (Signal to Interference & Noise Ratio). These features can also be 
software configured to conserve power depending on the environmental conditions.  
 
Dr. Lotter's presentation is part of the 3G CDMA Technology Session, taking place on 
Wednesday March 19, from 9:30AM to 12:30PM in Room 205.  
 
  
Feb 13, 2003 
ZYRAY WIRELESS PUTS A NEW SPIN ON DUAL MODE 3G HANDSETS.  

 
San Diego, CA February 13, 2003: The rapid development of dual mode GSM/GPRS and 
WCDMA handsets is a significant step closer following the introduction of Zyray 
Wireless' SPINNERchip 1.0 WCDMA baseband processor solution. Sampling began ahead 
of schedule and a complete dual mode WCDMA & GSM/GPRS solution will be 
demonstrated at the 3GSM World Congress in Cannes.  
 
Proven to connect to a majority of market-leading GSM/GPRS baseband solutions, Zyray's 
SPINNERchip 1.0 single chip WCDMA FDD baseband processor began sampling last 
month. The solution uses a standard memory interface to connect to existing GSM/GPRS 
baseband processors.  
 
"As an add-on to an existing GSM/GPRS terminal design, SPINNERchip 1.0 provides 
handset manufacturers with the lowest-risk, lowest-cost path to dual-mode GSM/GPRS 
and WCDMA handsets," said Werner Sievers, President and CEO of Zyray Wireless. "This 
solution is key to reducing a customer's development cycle time, maximizing hardware and 
software reuse and reducing development costs. Significant BOM (Bill of Materials) 
savings can also be achieved."  
 
SPINNERchip 1.0 can provide handset manufacturers with a time advantage of up to 12 
months and can reduce the cost of a handset development project by as much as $3 million. 
By utilizing this dual chip strategy, per handset savings are estimated at between $10 - $20.  
 
SPINNERchip 1.0 is a 3GPP Release 99 March 2002 compliant FDD baseband processor, 
supporting 384kbps operation in uplink and downlink and integrating all functionality 
required for WCDMA operation into a single chip. The chip includes support for WCDMA 
ciphering, a programmable analog I/Q RF interface, and an optional USIM interface.  
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SPINNERchip 1.0 includes on-chip programmable power management and proprietary 
interference cancellation algorithms that provide enhanced Bit Error Rate performance at 
minimum power consumption. Currently available in a 16x16mm 280-pin LFBGA test 
package, the chip will be supplied in a 180-pin, 10x10mm LFBGA production package. 
SPINNERchip 1.0 is supplied with a comprehensive customer development package that 
includes the SPINNER evaluation board.  
 
Zyray will demonstrate SPINNERchip 1.0, Stand F33, Hall 2 at the 3GSM World 
Congress  
 
  
Jan 27, 2003 
Zyray Wireless, a leader in WCDMA and Space-Time Processing wireless 
technologies, announces worldwide distribution agreements with Firefly Technology, 
MITS Corporation and Uniquest Corporation.  

 
San Diego, CA January 27, 2003 - Zyray Wireless, a leader in WCDMA and Space-Time 
Processing wireless technologies, today announced it has signed distribution agreements 
with three of the leading semiconductor distributors in Europe and Asia - Firefly 
Technology of UK, MITS Corporation of Taiwan and Uniquest Corporation of Korea.  
 
Under the terms of the agreements Firefly, MITS and Uniquest will work closely with 
Zyray Wireless to introduce and distribute Zyray's SPINNER family of WCDMA and 
Space-Time Processing IP and semiconductors. SPINNERchip is a WCDMA chip 
designed to add-on to existing GSM/GPRS solutions to enable a low-cost, low-risk dual-
mode solution.  
 
"We are excited to work with such top performing and experienced distributors", stated 
Werner Sievers, President and CEO of Zyray Wireless. "Our distributor network is a vital 
component of our strategy, designed to ensure that Zyray Wireless is well positioned to 
take advantage of opportunities around the world as they arise."  
 
Firefly Technology is a UK-based technical sales and marketing representative for leading-
edge semiconductor, system-on-chip, software and intellectual property suppliers. Tony 
James, Managing Director of Firefly Technology commented, "Zyray Wireless offers us a 
golden opportunity to complement and expand our existing business within the European 
market place. Judging by the response so far, SPINNER is certainly grabbing the attention 
of many of our customers. Feedback suggests it is the most cost-effective and easy-to-
integrate solution for wideband CDMA on the market. Thus, coupling our experience in 
the semiconductor industry, with Zyray's compelling product line, I certainly feel that 
when 3G hits the stores, Zyray Wireless will have had a pivotal role in making the 3G 
concept a reality." Firefly Technology focuses on high technology product areas such as 
Wireless Communications, Consumer Multimedia, and Military & Aerospace. Their line 
card includes Analog Devices, International Rectifier, NanoAmp Solutions, SpaceBridge 
Semiconductor and Pixelworks. To learn more about Firefly Technology, please visit the 
company website at www.fireflytech.com.  
 
MITS Component & System Corp. is a top distributor in Taiwan focused on Wireless 
Communications, Telecom and Optical components. "Zyray Wireless is offering our 
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market exactly what it is looking for-- low-cost and low-risk semiconductor technology for 
wireless manufacturers that will enable the rapid rate of adoption of WCDMA", said Allan 
Lee, a Marketing Manager at MITS Component & System Corp. "The combination of 
Zyray's state-of-the-art technology with MITS' experienced sales team will address the fast 
growing demands for the development of wireless products in Taiwan." Their products 
include wireless multimedia, RF and baseband semiconductors. MITS Corporation line 
card includes Emblaze Semiconductor, Brightcom, Finisar, Micronetics Wireless, Silver 
Telecom and PowerCube. For more information about MITS Corporation, please visit the 
company website at www.mitscomponent.com.  
 
Established in 1993, Uniquest Corporation is a leading distributor and sales representative 
in Korea for semiconductors and electronics components. "Zyray's SPINNER family of 
WCDMA will provide our customers with tools and expertise they need to develop 3G 
cellular devices", said Charles Lim, CEO of Uniquest. "Uniquest will continue to work 
closely with Zyray Wireless who has created a compelling ASIC solution enabling our 
customers to quickly bring new wireless devices to market." Uniquest's technology areas 
include Wireless Communications, Access Networking, Telecom, Computers and Internet 
Appliances. Their current line card includes IDT, Atmel, Intel, Silicon Labs and Altera. 
For more information about Uniquest Corporation, please visit the company website at 
www.uniquest.co.kr  
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1 .6 .  Pres s  Re l ease s  2002   
 
Dec 02, 2002 
Dr. Pieter van Rooyen, Founder and CTO of Zyray Wireless, to speak on MIMO 
systems, Smart Antenna and Space-Time Processing technologies at the 802.11 Planet 
Fall Conference and Expo.  

 
San Diego, CA December 2, 2002 - Dr. Pieter van Rooyen, Founder and Chief Technology 
Officer of Zyray Wireless, a San Diego based start-up developing the SPINNERTM family 
of WCDMA and Space-Time Processing IP and semiconductor products for next 
generation mobile devices, will speak on Multiple-Input Multiple-Output antenna systems 
(MIMO) and Space-Time Processing (STP) technologies at the upcoming 802.11 Planet 
Fall Conference and Expo. The event is being held at the Westin Hotel in Santa Clara, CA 
on December 3-5, 2002.  
 
Dr. van Rooyen will be a featured speaker on two panel discussions. The first panel, 
"Optimizing WLAN Coverage with High-Performance Antennas", which explores 
advanced antenna solutions for WLAN networks, will take place at 1:30pm on December 
5th. The second panel, "Beyond the Laptop", focusing on the challenges associated with 
incorporating WLAN technology into handheld devices, will take place at 4pm on 
December 5th.  
 
"Currently the power budget for single-mode 802.11 implementations is more than double 
that which handheld mobile devices can handle and still maintain a satisfactory battery life 
and adequate communication range," says Dr. Pieter van Rooyen. Navin Sabharwal, 
Director of Residential & Networking Technologies at Allied Business Intelligence, 
agrees, "Only by dramatically lowering the power consumption of 802.11 solutions will it 
become feasible to add WLAN functionality to mobile devices such as PDAs and cell 
phones."  
 
"Space-Time Processing utilizes multiple antennas and advanced signal processing to 
cancel interference, extend range and reduce the required transmission power of a WLAN 
device," says Dr. Pieter van Rooyen. Zyray Wireless is designing a cost-effective and 
power efficient Space-Time Processing solution that will enable WLAN devices to have 
greater range and reduced power consumption.  
 
  
  
 
Nov 11, 2002 
Zyray Wireless, a leader in WCDMA and Space-Time Processing wireless 
technologies, speaks at the Red Herring Magazine Personal Technology Panel event.  

 
San Diego, CA November 11, 2002 - Werner Sievers, President and CEO of Zyray 
Wireless, a San Diego based start-up developing the SPINNER family of WCDMA and 
Space-Time Processing IP and semiconductor products for next generation mobile devices, 
was recently featured as a panelist at a recent Red Herring Briefing Event on Personal 
Technology. The event took place on October 23 at the Hotel Monaco, San Francisco, CA. 
A video stream of the panel discussion is available on Red Herring's website at 
http://www.redherring.com/conferences/index.htm  
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Panelists included Werner Sievers, CEO of Zyray Wireless, Stewart Alsop, General 
Partner at New Enterprise Associates, Michael Mace, Chief Competitive Officer at 
PalmSource, and Larry Marcus, General Partner at WaldenVC. The panel discussion 
focused on the issues that will drive the design of the next generation personal technology 
devices. The panel took an in-depth look at the so-called "converged devices" that 
incorporate multiple functions, like communications, video, personal information 
management and entertainment.  
 
"I think we all agreed that several key issues have to be addressed before such devices can 
gain widespread acceptance in the consumer market," commented Jason Pontin, editor-at-
large of Red Herring Magazine and moderator of the panel. "Amongst the issues are cost, 
battery life, display quality, and overall processor performance."  
 
Zyray Wireless is also featured in the Briefing on Personal Technology in the upcoming 
November issue of Red Herring magazine. The feature analyzes the current and future 
trends in personal communication devices, focusing on the convergence of multiple single 
function devices into one combination device. "Such a device will support multiple 
methods of wireless connectivity - both Cellular and WLAN, " says Mr. Sievers. "Zyray 
Wireless is developing products to enable this integration. Our SPINNER family of 
products enables a low-cost and low-power implementation of multiple Cellular and 
WLAN standards onto a single device."  
 
SPINNERchip is a WCDMA chip designed to add-on to existing GSM/GPRS solutions to 
enable a low-cost, low-risk dual-mode solution. SPINNERstp is a Space-Time Processing 
solution designed to cancel interference, reduce power consumption and increase cell range 
of WLAN and cellular devices. To learn more about Zyray Wireless please visit 
www.zyraywireless.com.  
 
  
 
Nov 04, 2002 
Dr. Pieter van Rooyen, the Founder and CTO of Zyray Wireless, to speak on MIMO 
systems, Smart Antenna and Space-Time Processing technologies.  

 
San Diego, CA November 4, 2002 - Dr. Pieter van Rooyen, the Founder and Chief 
Technology Officer of Zyray Wireless, a San Diego based start-up developing the 
SPINNER family of WCDMA and Space-Time Processing IP and semiconductor products 
for next generation mobile devices, will speak on Multiple-Input Multiple-Output antenna 
systems (MIMO) and Space-Time Processing (STP) technologies at two upcoming 
conferences. Dr. van Rooyen will be a featured speaker at the National Wireless 
Engineering Conference, November 6th, 2002 in San Diego, CA and the Wireless Internet 
Conference, November 7th, 2002 on the UCLA campus, Los Angeles, CA.  
 
Dr. van Rooyen is the Founder and Chief Technology Officer of Zyray Wireless. Pieter 
leads Zyray's new technology development in the areas of MIMO systems, Smart Antenna 
and Space-Time Processing. Pieter has published over 60 technical papers, holds 19 
technical patents in the area of digital communications and is co-author of two books 
related to WCDMA and MIMO mobile systems.  
 

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  KKooeekkeemmooeerr,,  PP    ((22000055))  



 171

"MIMO and Space-Time Processing have emerged as the most promising research and 
development area in wireless communications, capable of resolving the bottlenecks of 
traffic capacity in future high-speed broadband wireless access networks," says Pieter van 
Rooyen. "The technology has the ability to turn multi-path propagation, usually a pitfall of 
wireless transmission, into an advantage for increasing the user's data rate, network 
capacity and cell range."  
 
Until recently, almost all STP technology development has been related to base stations 
and fixed wireless terminals and not to mobile handheld devices. This has been due to the 
computationally intensive STP algorithms and the limited battery and processing 
capabilities of handheld mobile devices. "The most significant challenge in adopting 
MIMO and STP for mobile handheld devices is developing a low power, low cost solution. 
At Zyray, we are taking an innovative approach to implementing this technology in a 
power efficient and cost effective manner," says Dr. Pieter van Rooyen.  
 
For more information on Dr. van Rooyen's speaking engagements please visit the 
following websites:  
 
National Wireless Engineering Conference Nov 6, 2002 
www.iec.org/events/2002/natlwireless_nov/  
Wireless Internet Conference Nov 7, 2002 www.wireless.ucla.edu  
 
To schedule a meeting with Dr. van Rooyen during one of the conferences please email 
Larissa Kogan at lkogan@zyraywireless.com. To learn more about Zyray Wireless please 
visit www.zyraywireless.com.  
 
  
Sep 30, 2002 
Zyray Wireless, a leader in WCDMA and Space-Time Processing wireless 
technologies, to speak at the 2002 International Wireless Symposium.  

 
San Diego, CA September 30, 2002 - Zyray Wireless, a San Diego based start-up 
developing the SPINNER family of WCDMA and Space-Time Processing IP and 
semiconductor products for next generation mobile devices, will present on the 
convergence of multiple Cellular and WLAN standards onto a single mobile device at the 
2002 International Wireless Symposium. The International Wireless Symposium is being 
held at Paradise Point Resort, San Diego, CA on October 2-4, 2002.  
 
Werner Sievers, President and CEO of Zyray Wireless will speak on the challenges posed 
by the integration of multiple Cellular and WLAN standards onto a single device and 
Zyray's solutions to address those challenges. "The next generation wireless devices 
represent the emergence of a new paradigm in wireless communications, converging 
consumer electronics, computing, and communications onto a single mobile consumer 
device", says Werner Sievers. "The device has to be able to connect to multiple wireless 
access networks, Cellular and WLAN, posing a design challenge - How do you bring 
multiple wireless standards (GSM/GPRS, WCDMA, and 802.11) onto a single platform 
under the constraints of cost, power consumption, risk and time-to-market?"  
 
The SPINNER family of IP and semiconductor products is designed to enable the 
convergence of multiple wireless standards onto a single mobile device. SPINNERchip is a 
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WCDMA baseband add-on chip that interfaces with existing GSM/GPRS solutions. 
SPINNERchip enables low-risk, low-cost evolution of existing GSM/GPRS products to 
dual-mode WCDMA & GSM/GPRS solutions. SPINNERstp is a Space-Time Processing 
solution designed to cancel interference, reduce power consumption and increase cell range 
of WLAN and cellular devices.  
 
Zyray Wireless' presentation is part of the Wireless Semiconductor Convergence Panel, 
taking place on October 3, 10am - 11:30am. The panel will focus on semiconductor 
solutions enabling the integration of personal, local and wide area wireless networks. For 
more information on the conference, please visit www.iws2002.com.  
 
To learn more about Zyray Wireless please visit www.zyraywireless.com. To schedule a 
meeting with Zyray's team during the conference please email Larissa Kogan at 
lkogan@zyraywireless.com.  
 
About Zyray Wireless  
Zyray Wireless is developing the SPINNER family of WCDMA and Space-Time 
Processing IP and semiconductor products. SPINNERchip enables low-risk, low-cost 
evolution of existing GSM/GPRS products to dual-mode WCDMA & GSM/GPRS 
solutions. SPINNERstp utilizes Space-Time Processing technology to reduce power 
consumption and improve performance of WLAN and cellular devices.  
 
Zyray Wireless has been ranked tenth on the list of "Top 50 Companies to Watch in 2002" 
in the July issue of "Electronics Industry's Movers and Shakers of 2002" published by 
Reed Business Information.  
 
  
 
Sep 23, 2002 
Zyray Wireless, a leader in WCDMA and Space-Time Processing wireless 
technologies, to showcase its SPINNERchip 1.0 WCDMA baseband development 
platform at the 2002 Communication Design Conference.  

 
San Diego, CA September 23, 2002 - Zyray Wireless, a San Diego based start-up 
developing the SPINNER family of WCDMA and Space-Time Processing IP and 
semiconductor products for next generation mobile devices, will display its SPINNERchip 
1.0 WCDMA baseband development platform in the Xilinx booth, #818, at the 2002 
Communication Design Conference. Xilinx is the worldwide leader in programmable logic 
solutions. The Communication Design Conference is being held at San Jose Convention 
Center, San Jose, CA on September 24-26, 2002.  
 
The SPINNERchip 1.0 WCDMA development platform provides complete WCDMA 
modem functionality, including patented Adaptive Interference Cancellation (AIC), packet 
switched data, and dual mode GSM/GPRS & WCDMA operation. The platform includes 
Xilinx® Virtex-II field programmable gate arrays (FPGAs). "We are very pleased to have 
Zyray Wireless utilize our cutting edge Virtex-II solution in the development of their 
SPINNERchip 1.0 WCDMA baseband ASIC", said Erich Goetting, Vice President of the 
Advanced Product Division at Xilinx.  
 
SPINNERchip 1.0 is a WCDMA baseband add-on chip, designed to interface with existing 
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GSM/GPRS solutions. "The design of SPINNERchip enables a flexible and cost-effective 
method of integrating multiple wireless standards onto a single platform", said Michiel 
Lotter, Vice President of Engineering at Zyray.  
 
Zyray Wireless' SPINNERchip 1.0 WCDMA development platform can be viewed in the 
Xilinx booth, #818 at the 2002 Communication Design Conference, on September 24-26, 
2002. Please contact a Xilinx representative at the booth registration counter to obtain 
product sheets of SPINNERchip 1.0. For more information on Xilinx visit 
www.xilinx.com.  
 
  
 
Sep 16, 2002 
Zyray Wireless, a leader in WCDMA and Space-Time Processing wireless 
technologies, to speak at the 2002 Communication Design Conference.  

 
San Diego, CA September 16, 2002 - Zyray Wireless, a San Diego based start-up 
developing the SPINNER family of WCDMA and Space-Time Processing IP and 
semiconductor products for next generation mobile devices, will present on its Space-Time 
Processing technology at the 2002 Communication Design Conference. The 
Communication Design Conference is being held at San Jose Convention Center, San Jose, 
CA on September 23-26, 2002.  
 
Gavin Stone, Business Development Manager at Zyray Wireless will overview a Multiple 
Antenna and Space-Time Processing approach that combats the major pain points faced by 
both Cellular and WLAN communications today - high power consumption, limited cell 
range, and signal interference. Zyray's Space-Time Processing technology provides 
dramatic improvements in the quality of wireless transmission (up to 10dB improvement in 
signal-to-noise ratio). These gains are translated directly into power savings, range 
extension and interference cancellation.  
 
“Our Space-Time Processing platform is the natural extension of the SPINNER product 
family”, says Gavin Stone. “SPINNER products are designed to enable the convergence of 
multiple wireless standards, such as GSM/GPRS, WCDMA and 802.11, onto a single 
mobile device. Using the SPINNER solutions, handset and PDA makers can design high 
performance and low power multi-mode devices at a low cost of development”.  
 
Zyray Wireless’ presentation is part of the PAN/WAN/LAN Integration Track, taking 
place on September 24, 1pm - 2:30pm. The Seminar will focus on the integration of 
cellular, WLAN and Bluetooth technologies onto a single device and will examine the 
challenges associated with multiple standard integration.  
 
  
  
Aug 12, 2002 
Zyray Wireless, a leader in Space-Time Processing and WCDMA wireless 
technologies, named one of the  

 
San Diego, CA August 12, 2002 Zyray Wireless, a San Diego based start-up company 
developing the SPINNER family of wireless semiconductor products based on Space-Time 
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Processing technology, has been ranked tenth on the list of "Top 50 Companies to Watch 
in 2002", compiled by writers and researchers from Reed Business Information (formerly 
Cahners Business Information).  
 
The publication, which evaluated a broad range of companies in the electronics industry, 
has chosen the top fifty companies that are developing innovative and vital technologies 
and products. "These companies are pushing harder than ever so they will be well poised 
for 2003, a year projected to show 20 to 26 percent growth for the semiconductor 
industry", says Susan Mulcahy, VP Research and Special Editions at Reed Electronics 
Group.  
 
"We are pleased to be named by Reed Business Information as one of the 'Top 50 
Companies to Watch' in the electronics industry", commented Werner Sievers, CEO of 
Zyray Wireless. "We attribute this recognition to the innovative products and technologies 
that we are bringing to the wireless marketplace". Zyray Wireless is developing Space-
Time Processing and WCDMA IP and semiconductor solutions to enable low power, low 
cost and high performance implementations of wireless standards such as WCDMA, 
802.11 and GSM/GPRS.  
 
The list, which includes such recognized industry names as Advanced Micro Devices, 
Intersil, Microsoft, and IBM, was published in the July issue of "Electronics Industry's 
Movers and Shakers of 2002", a special magazine supplement produced annually by Reed 
Business Information.  
 
  
 
Jul 17, 2002 
Zyray Wireless, a leader in Space-Time Processing and WCDMA wireless 
technologies, announces the formation of its Scientific Advisory Board.  

 
San Diego, CA July 17, 2002 Zyray Wireless, a San Diego based start-up company 
developing the SPINNER family of wireless semiconductor products based on Space-Time 
Processing technology, has announced the establishment of its Scientific Advisory Board 
(SAB). The board consists of recognized university and industry experts who bring 
extensive wireless communications experience to Zyray Wireless. The initial members of 
the Advisory Board include Dr. Sujit Dey (Chair), Professor in the Electrical and 
Computer Engineering Department at the University of California, San Diego; Mr. Richard 
Kerr, former Vice President of ASIC Engineering and Business Development at 
Qualcomm; Dr. Slim Souissi, Vice President of Emerging Technologies at Novatel 
Wireless; and Dr. Jack Winters, former Division Manager, Wireless Systems Research at 
AT&T Labs-Research. Zyray's Chief Technical Officer, Dr. Pieter van Rooyen and Vice 
President of Engineering, Dr. Michiel Lotter, also join the board.  
 
Welcoming the formation of the SAB, Zyray Wireless President and CEO, Werner Sievers 
stated, "We are delighted to partner with such a renowned group of individuals. Their 
contribution to help guide the company in its development of unique, next generation 
wireless communications technologies, will be instrumental to Zyray's success."  
 
Sujit Dey is a Professor at UCSD, leading research efforts at the UCSD Center for 
Wireless Communications and the California Institute of Telecommunications and 
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Information Technology (Cal-(IT)2) in developing adaptive protocols, algorithms, and 
platform architectures for next generation wireless devices and data services. He has been a 
technical consultant to ST Microelectronics and NEC USA on networking and wireless 
systems designs. Prior to joining UCSD, Dr. Dey was a Senior Researcher at NEC, where 
he led research projects in system-on-chip design and test. Dr. Dey has co-authored more 
than 100 publications and holds 9 patents.  
 
Richard Kerr is a former Vice President of Business Development at Qualcomm, where he 
led international business development in the OEM and Embedded Wireless Data Modules 
market. Prior to that, Mr. Kerr served as a Vice President of Strategic Technology at 
Qualcomm assisting with the rollout of CDMA in Japan, and most importantly led 
Qualcomm's ASIC development effort as the Vice President of Engineering and General 
Manager of the ASIC Division. He holds 5 patents in wireless communications.  
 
Slim Souissi is Vice President of Emerging Technologies at Novatel Wireless, where he is 
responsible for emerging products architecture and commercialization. Dr. Souissi has 
previously led the development of the Software Defined Radio platform at Novatel and its 
implementation for CDPD, GPRS and UMTS technologies. Prior to Novatel, Dr. Souissi 
worked at Motorola where he was responsible for FLEX/ReFLEX paging technology 
development and location technology platforms. He holds in excess of 23 patents in the 
wireless arena.  
 
Jack Winters is a former Division Manager of Wireless Systems Research at AT&T Labs-
Research where he led research on signal processing, modulation, and coding techniques 
for communication systems, specifically in the use of adaptive antennas in cellular and 
wireless local area network systems. Dr. Winters is an IEEE Fellow and Distinguished 
Lecturer for the Communications Society and for the Vehicular Technology Society. He 
has published over 40 journal and 70 conference papers, and holds 20 patents.  
 
Pieter van Rooyen is Founder and Chief Technical Officer of Zyray Wireless. Prior to 
founding Zyray Wireless, Dr. van Rooyen founded and served as Director of the Alcatel 
Research Unit for Wireless Access, and was invited to the Sony Advanced 
Telecommunications Labs in Tokyo, Japan to lead research projects on Software Defined 
Radio and Space-Time Processing. He has also served as a Full Professor in the 
Department of Electrical and Electronic Engineering at the University of Pretoria. Dr. van 
Rooyen has published numerous technical papers, holds several patents and is co-author of 
several books on next generation mobile systems.  
 
Michiel Lotter is a Co-Founder and Vice President of Engineering at Zyray Wireless. Prior 
to founding Zyray Wireless, Dr. Lotter led development teams at Alcatel focusing in 
spread spectrum, CDMA, Software Radio and WCDMA-based Broadband Satellite 
Communications. Dr Lotter is a co-author of several books on next generation wireless 
communications techniques and is a co-inventor of 4 patents in digital communications.  
 
  
 
Jun 09, 2002 
Zyray Wireless to demonstrate its WCDMA baseband IC at the IEEE International 
Microwave Symposium 2002.  
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San Diego, CA June 3, 2002 - Zyray Wireless, a San Diego based start-up company 
developing the SPINNER WCDMA baseband companion chip, will demonstrate a 
complete WCDMA baseband and RF transceiver for mobile devices at the IEEE-IMS 2002 
Symposium.  
 
Zyray Wireless will debut its SPINNERchip 1.0 device and WCDMA baseband 
development platform in conjunction with the newly announced WCDMA RF solution 
from IBM Microelectronics. The platform supports full rate 384kb/s transmit and receive, 
and provides for all common and dedicated channels. Customers will be able to evaluate a 
number of SPINNERchip features, including patented Adaptive Interference Cancellation 
(AIC), dual mode GSM/GPRS and WCDMA operation, packet switched data, and more.  
 
Zyray's innovative baseband digital interface enables the SPINNERchip to attach to a 
multitude of industry leading GSM/GPRS digital baseband solutions. Likewise, integrating 
the analog (A/D and D/A) functionality enables SPINNERchip 1.0 to connect with 
multiple industry standard WCDMA RF solutions.  
 
"We integrated the IBM RF solution based on its availability, performance and ease of 
integration with our SPINNERchip1.0 and WCDMA baseband development platform. We 
believe that IBM's advanced Silicon Germanium RF devices combined with Zyray's high 
performance WCDMA baseband solution constitutes a winning combination for a 
complete WCDMA solution", says Michael Civiello, VP of Marketing and Business 
Development.  
 
The International Microwave Symposium 2002 is being held in Seattle, Washington, on 
June 4-6, 2002. For details on the symposium please check the website www.ims2002.org  
 
  
Mar 13, 2002 
Zyray Wireless to showcase its SPINNER family of GSM/GPRS & WCDMA IP and 
ASIC products for next generation mobile devices at CTIA Wireless 2002.  

 
San Diego, CA, March 13, 2001 - Zyray Wireless, a San Diego based start-up developing 
the SPINNER family of GSM/GPRS & WCDMA baseband IP and ASIC products for next 
generation mobile devices will highlight its SPINNERchip 1.0 at the CTIA Wireless 2002 
Conference.  
 
SPINNERchip 1.0 is designed as a WCDMA companion chip that interfaces seamlessly 
with most existing GSM/GPRS solutions. By utilizing the SPINNER chip device 
manufacturers can extend the functionality of existing 2G/2.5G devices to 3G at minimum 
risk and cost.  
 
"One of the strongest benefits of our solution is that it does not require GSM/GPRS 
redesign and extensive testing. We believe this presents a significant advantage in the eyes 
of device manufacturers, " says Werner Sievers, the CEO of Zyray Wireless. By reusing 
customer's existing GSM/GPRS baseband solution, SPINNERchip 1.0 reduces 
development cycle time and minimizes dual-mode GSM/GPRS & WCDMA development 
costs.  
 
The CTIA Wireless 2002 Conference is being held at the Orange County Convention 
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Center, Orlando, Florida, USA on March 18-20, 2002.  
 
  
About Zyray Wireless  
Zyray Wireless is developing the SPINNER family of GSM/GPRS & WCDMA IP and 
ASIC products. Integrating SPINNER products into baseband semiconductors and mobile 
devices enables manufacturers to efficiently migrate to dual-mode WCDMA solutions.  
 
  
 
Feb 18, 2002 
Condat licenses its UMTS protocol stack to Zyray Wireless.  

 
Berlin Feb 18th 2002 - The Berlin-based technology company Condat AG has sold a 
development license for its UMTS protocol stack software to Zyray Wireless, a San Diego 
based start-up developing the SPINNER family of GSM/GPRS & WCDMA baseband IP 
and ASIC products for next generation mobile devices. The agreement contains an option 
to upgrade to the dual-mode UMTS and GSM/GPRS license. "In addition to manufacturers 
of baseband products for digital and analogue data transmission, producers of mobile 
handsets must also shoulder a significant portion of the development cost involved with 
such technologies. The Condat UMTS protocol stack reduces costs and time-to-market of 
the hardware," states Pedro Schäffer, CEO, Condat AG: "By way of its Generic Target 
Interface (GTI), the Condat UMTS protocol stack is platform independent and can be 
ported on several different hardware platforms and real-time operating systems. It brings 
us several important competitive advantages." Condat offers protocol stacks, which are 
compatible with 2G and 2.5G as well as 3G dual mode technologies.  
 
"Zyray Wireless is pleased to be working with Condat, whose expertise and reputation in 
the development of protocol stacks makes them a key partner for our company", said 
Werner Sievers, President and CEO of Zyray Wireless. "We are planning to integrate 
Condat software into our GSM/GPRS and WCDMA dual-mode baseband chipset." Zyray 
Wireless will provide a complete reference design for WCDMA and GSM/GPRS dual-
mode mobile devices, enabling manufacturers of mobile devices and semiconductors for 
wireless terminals to efficiently migrate to dual-mode WCDMA solutions. As 
communication technologies continue to develop, the demand for software/hardware 
communication solutions supporting multiple air interface standards will increase 
dramatically.  
 
About Zyray Wireless  
Zyray Wireless is developing the SPINNER family of GSM/GPRS & WCDMA IP and 
ASIC products. Integrating SPINNER products into baseband semiconductors and mobile 
devices enables manufacturers to efficiently migrate to dual-mode WCDMA solutions.  
 
For more information on Zyray Wireless and its products, visit www.zyraywireless.com or 
contact Zyray Wireless headquarters at 11455 El Camino Real, Suite 350, San Diego, CA, 
92130; telephone: 858-455-0021 ext. 1109; fax: 858-704-1001.  
 
About Condat AG  
As one of the first companies to concentrate on the m-business market, Condat AG 
combines its mobile communications, Internet and IT technological know-how with 
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knowledge about users' business processes. With this service, Condat is facilitating new 
applications for mobile business communication. The technology company offers 
innovative software for mobile communications (GSM, GPRS, UMTS etc) and modern 
system architecture for integrating mobile components in businesses' existing information 
and communications systems.  
 
Condat AG was founded in 1979 and has its headquarters in Berlin, with branches in 
Aachen, Hamburg and Munich, as well as wholly owned subsidiaries in Aalborg, 
Edinburgh and Taipei. Condat has taken a majority stake in Purple Lab S.A., Chambéry 
(France).  
 
  
Feb 06, 2002 
Zyray Wireless, a leader in WCDMA wireless technologies, to speak at the 2002 
3GSM World Congress in Cannes, France.  

 
San Diego, CA, February 06, 2002 - Zyray Wireless, a San Diego based start-up 
developing the SPINNER family of GSM/GPRS & WCDMA baseband IP and ASIC 
products for next generation mobile devices, will present on its Adaptive System Design 
approach at the 2002 3GSM Technical Symposium.  
 
Werner Sievers, CEO of Zyray Wireless will highlight Zyray's low risk, cost effective 
approach to enhancing existing single-mode wireless solutions (e.g. GSM/GPRS or 
CDMA) with WCDMA capabilities through an innovative interface and architecture. "The 
next generation of mobile terminals will be required to function across a multitude of 
wireless standards and be able to handle applications rich in data and high in bandwidth. 
These requirements place a heavy computational and power consumption burden on the 
system architecture. Zyray addresses these problems by implementing a low-power, 
hardware centric design. The overall system flexibility, that is so essential to the 
continuously evolving WCDMA product market, is preserved through an adaptive 
software-based control system."  
 
The 3GSM World Congress is being held at Palais des Festivals, Cannes, France on 
February 19-22, 2002. Zyray Wireless' presentation is part of the Mobile Terminals 
Seminar, taking place on February 19, 2002. The Seminar will focus on the evolution of 
the mobile terminal market and will examine the challenges of meeting the requirements of 
the next generation wireless devices.  
 
Feb 04, 2002 
Zyray Wireless, a Leader in WCDMA Wireless Technologies, to Use Telelogic 
DOORS® and Telelogic Tau® to Reduce Time-to-Market For Wireless Products.  

 
-Company Chooses DOORS for Efficiency, Traceability and Speed and Telelogic Tau for 
Simulation, Modeling and Testing-  
 
Irvine, California, February 04, 2002 - Telelogic (Stockholm Exchange: TLOG), the 
leading global provider of solutions for advanced software and systems development, and 
Zyray Wireless, a San Diego-based company developing the SPINNER family of 
GSM/GPRS & WCDMA IP and ASIC products, today announced that Zyray Wireless is 
utilizing Telelogic DOORS and Telelogic Tau in the development of its leading edge dual-
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mode wireless products.  
 
"DOORS has been instrumental in our development process," said Michiel Lotter, Vice 
President of Engineering at Zyray. "As a start-up company, we have to be very efficient 
with our resources. DOORS has aided our development effort significantly, enabling a 
rapid, well-managed and thoroughly documented design process."  
 
DOORS was named the market leader for requirements management software in the latest 
Standish Group industry report. The software tool enables users to gather, trace and 
manage all established requirements for a development project. This ensures that the 
resulting application is completed on time, within budget, and with all the features and 
functionality originally specified.  
 
Being able to trace and link requirements and specifications is essential to Zyray's success. 
Zyray Wireless uses DOORS to ensure their products conform to the latest version of the 
WCDMA specification. As specification updates are provided by the 3GPP, changes are 
easily tracked and implemented.  
 
Telelogic Tau TTCN Suite provides a robust test environment for Zyray, linking test case 
scenarios with system design. "Our products include both software and hardware 
components. Being able to simulate ASIC performance and functionality with TTCN Suite 
saves us the cost and time of developing expensive, working prototypes," commented 
Lotter.  
 
Scott Raskin, President of Telelogic Americas, said Zyray's use of Telelogic products 
provides an excellent example of how integration of development tools can provide 
tangible benefits. "By tying everything together, Zyray Wireless is able to keep a constant 
focus on the overall end solution. End-to-end traceability, with a constant eye on the final 
product, is the promise of lifecycle automation."  
 
More than 75 percent of Zyray's employees use Telelogic tools including the marketing 
team who uses DOORS, and its Web-based companion, DOORSnet, to demonstrate and 
sell their products.  
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1 .7 .  Pres s  Re l ease s  2001  
 
Dec 04, 2001 
Zyray Wireless, a leader in WCDMA wireless technologies, announces the expansion 
and relocation of its San Diego headquarters.  

 
San Diego, CA December 4, 2001 - Zyray Wireless, a San Diego based start-up developing 
the SPINNER family of GSM/GPRS & WCDMA baseband IP and ASIC products for next 
generation mobile devices, has completed the expansion and relocation of its headquarters. 
The expansion was completed to provide additional office space to support increased 
headcount, expanded lab and testing facilities, advanced product development, and 
customer interaction.  
 
Located in the Carmel Valley area of San Diego, the new address is 11455 El Camino 
Real, Suite 350, San Diego CA 92130. Carmel Valley is located 20 miles north of 
downtown, and is part of San Diego's expanding wireless technology corridor.  
 
"We are truly reaping the benefits of being surrounded by such a large pool of talented 
engineers", commented Michael Civiello, the VP of Marketing and Business Development 
at Zyray Wireless. "The move will help to best serve our needs as Zyray continues to 
grow."  
 
  
 
Sep 10, 2001 
Zyray Wireless to highlight its reconfigurable W-CDMA and GSM/GPRS technology 
at the CTIA Wireless I.T. and Internet 2001 Conference.  

 
San Diego, CA - Zyray Wireless, a San Diego based start-up developing a Wireless 
Processor Core for next generation mobile devices, will highlight its W-CDMA and 
GSM/GPRS reconfigurable technology at the CTIA Wireless I.T. & Internet 2001 
Conference. The Zyray Wireless Core enables mobile semiconductor manufacturers to 
deliver solutions with enhanced Quality of Service (QoS) and greater power efficiency.  
 
"We are developing an innovative physical layer solution that is reconfigurable between 
W-CDMA and GSM/GPRS communication standards. The design integrates both modes 
into a single efficient architecture," says Werner Sievers, the CEO of Zyray Wireless. "The 
solution will reside at the core of 2.5G and 3G mobile devices, enabling the transmission 
of voice, data, and high bandwidth multimedia applications," Sievers said.  
 
The Zyray Wireless exhibit can be found in the San Diego Pavilion, booth 2512, at the 
CTIA I.T. & Internet 2001 Conference, September 11-13th, 2001. 
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