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Federal R&D Planning 
with Non-Parametr ic  Statistics in APL 

The Scenar io  

This is a story" about APL in the everyday 
world of work. 

Here's the picture: A group of high-level pro- 
gram directors at the Department of Energy has 
been asked to write a five-year strategic plan for 
transportation R&D_ The plan is required by the 
Energy" Policy Act of 1992. The audience for this 
plan is the Congress, the automobile industry, envi- 
ronmental g r o u p s  a n d  o t h e r  lobb ies ,  and  the  R & D  
p r o g r a m  of f i ces  t h e m s e l v e s .  

C o n g r e s s  is c o n c e r n e d :  C a l i f o r n i a ,  p lus  a b loc  
o f  t w e l v e  e a s t e r n  s t a t e s ,  h a v e  m a n d a t e d  t h a t  2% of  
al l  n e w  c a r  s a l e s  in  1999 be " z e r o - e m i s s i o n  
v e h i c l e s "  b e c a u s e  a i r  q u a l i t y  in t h e i r  u r b a n  a r e a s  
d o e s n ' t  m e e t  E P A  s t a n d a r d s .  In  p r a c t i c e ,  t h i s  
i m p l i e s  e l e c t r i c  cars_ B u t  c u r r e n t  (no p u n  
i n t e n d e d )  e l e c t r i c  c a r s  j u s t  d o n ' t  h a c k  it. C a r e f u l l y  
t a r g e t e d  R & D  is n e e d e d  to i m p r o v e  r a n g e  and  per -  
f o r m a n c e ,  a n d  to  r e d u c e  cos t s .  

F u r t h e r ,  C o n g r e s s  is c o n c e r n e d  t h a t  U. S. oil 
i m p o r t s  a r e  g r o w i n g  a t  t h e  s a m e  t i m e  t h a t  t h e  
d o m e s t i c  oil i n d u s t r y  is in  s h a r p  dec l ine .  M o r e  
i m p o r t a n t l y ,  p e o p l e  in m a n y  U. S. c i t ies ,  as  wel l  as 
in m a n y  c i t i e s  a r o u n d  the  wor ld ,  c a n ' t  b r e a t h e  
b e c a u s e  o f  a u t o m o b i l e  a i r  p o l l u t i o n .  

We  need  n e w  t h i n k i n g - - f r o m  a n  e n e r g y ,  eco-  
n o m i c ,  and  e n v i r o n m e n t a l  p o i n t  o f  view_ T h e  
s t a k e s  a r e  h igh .  

The Panel 

The Deputy Assistant Secretary for Transporta- 
tion Technologies convened his R&D program man- 
agers and told them to develop a brand new 
strategic plan, from the ground up. To this commit- 
tee, he added a couple of policy wonks like myself. 
For those unfamiliar with Washington jargon, let 
me explain that policy wonks are just people who 
try to figure out what to do next, whether or not it 
might work, and why. 

Tile  p a n e l  iden t i f i ed  s o m e  t h i r t y  d i f f e r e n t  
a p p r o a c h e s .  A R e r  p r e l i m i n a r y  a n a l y s i s ,  w e  b o i l ed  
t h e  f ie ld d o w n  to n ine  s t r a t e g i c  a l t e r n a t i v e s .  T h e s e  
s t r a t e g i e s  t o o k  on an  i d e n t i t y  o f  t h e i r  o w n ,  a n d  w e  
g a v e  t h e m  n a m e s :  21st  C e n t u r y  Ca r ,  E t h a n o l ,  Cur -  
r e n t  Dive r s i f i ed ,  Long  Run  C l e a n ,  E l e c t r i c  V e h i c l e ,  
R e g u l a t i o n ,  H e a v y  H i t t e r ,  e tc .  E a r l i e r  s t r a t e g i e s ,  
s u c h  as T r e e  H u g g e r  a n d  U n k U n k  ( u n k n o w n  
u n k n o w n s ) ,  d i d n ' t  m a k e  t h e  cu t .  

E a c h  strategy" w a s  t h e n  e v a l u a t e d  m u c h  m o r e  
t h o r o u g h l y  in t e r m s  o f  cost ,  b e n e f i t ,  r i s k ,  t e c h n o l o g -  
i ca l  s t a t u s ,  e m p l o y m e n t  i m p a c t ,  t i m e - h o r i z o n ,  env i -  
r o n m e n t a l  e f fec ts ,  and  o t h e r  v a r i a b l e s .  We  h i r e d  a 
p r o f e s s i o n a l  f a c i l i t a t o r  to l ead  the  p l a n n i n g  m e e t -  
ings ,  a n d  a n o t h e r  c o n t r a c t o r  to do c o s t - b e n e f i t  a n a -  
lyses .  

In the end, we had pretty good analytic details 
on nine R&D strategies. Now came the hard part. 
The basic question: where do we play our R&D 
chips? About $200 million/year for transportation 
R&D is on the table. 

The bottom line? In the final analysis, each 
panelist was asked to rank the nine strategies. 
These rankings were judgement calls, based on all 
the data and analysis that we had worked on to 
date_ Panelists were forced to mentally integrate 
all the information that had been developed during 
the entire planning process_ Ties weren't allowed. 

The Results 
Here are the stark results. In the 9-by-10 

matrix below, each of the nine rows is a strategy 
option, and each colunm is the ranking of these 
strategies by one of the ten panelists. 

These aren't quite the original data. They are 
sorted in order of their increasing row sums 
(H÷M[A+//d; ]) for reasons that will be explained 
later. 

Rank data are inherently non-parametric. 
Descriptive parameters such as mean or standard 
deviation are useless with ordinal data because 
there's no quantitative measure of the amount by 
which rank X is preferred to rank Y. 
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1 

1 1 
2 6 
3 5 
4 7 
5 2 
6 8 
7 3 
8 9 
9 4 

P A N E L  M E M B E R  

2 3 4 5 6 7 8 9 10 

1 1 3 1 1 1 1 4 5 

3 3 2 8 5 2 4 2 1 
8 6 1 2 3 6 9 1 4 

4 4 4 5 6 7 5 3 2 
2 5 7 7 8 5 6 7 3 
5 2 5 6 9 9 3 6 7 
6 7 9 4 7 8 2 8 8 

9 9 6 3 2 4 8 5 9 

7 8 8 9 4 3 7 9 6 

i~I; What can be made 

of this jumble of numbers? 

They sit there staring up at us 

like a fried egg on a plate. ~1 

The Role of APL 

W h a t  can  be made  of  this  jumble o f  numbers?  
T h e y  si t  there  s t a r i ng  up at us like a fried egg on a 
pla~e. The  r a n k i n g s  are all different,  but  how much  
d i f ference  makes  a di f ference? How can we sepa- 
r a te  the  s ignal  f rom the  noise in this judgmenta l  
p rocess?  H e r e ' s  whe re  A P L  comes to the rescue  
(well, so r t  of). 

We can  ask  at  leas t  two in te res t ing  quest ions .  
Firs t ,  we m a y  ask: to w h a t  ex tent  do panel is ts  
ag ree  wi th  one  ano the r?  Second,  we may  ask: are 
the  pane l ' s  r a n k i n g s  o f  S t r a t e g y  X s ign i f ican t ly  dif- 
f e ren t  fi 'om the i r  r a n k i n g  of  S t r a t eg  D- Y, w h e n  panel  
da ta  are t a k e n  as a whole?  Both  ques t ions  lend 
t h e m s e l v e s  to quan t i t a t i ve  tes ts  o f  "s ign i f icance"  in 
the  s t a t i s t i ca l  sense  o f  t ha t  word.  We can es t imate  
the  odds tha t  the  r e su l t s  are. or are  not,  due to 
r a n d o m  c h a n c e  a t  specif ied confidence levels. 

The  f irst  es t imate ,  the  S p e a r m a n  Rank  Corre-  
l a t ion  Coeff ic ient  (Speamnan 's  Rho) rneasures  the 
ex ten t  to w h i c h  pane l i s t s  agree  among  themse lves  
on the  s t r a t e g y  r a n k i n g s  t a k e n  in pairs_ This  is a 
meamlrc  on columns_ The  second estinaate, the 
F r i e d m a n  Test ,  measu re s  the  ex ten t  to w h i c h  panel  
r a n k i n g s ,  w h e n  t a k e n  as a whole,  can be considered 
to be d is t inc t .  This  is a measure  on rows.  

In  bo th  cases,  the  compar i son  is made aga ins t  
r a n d o m  c h a n c e - - w h a t  ln ight  have o c c u r r e d  had the 
pane l i s t s  used 9 ? 9 to r a n k  the i r  preferences .  

How Well Did Panelists Agree Among 
Themselves? 

The  table  below shows  S p e a r m a n ' s  Rho for all 
45 c ombina t i ons  o f  ten  panel is ts  t a k e n  two at a 
t inm. T h a t  is, the  co r r e l a t i on  be tween  panel i s t  3 
and 8 (0.67) is s h o w n  in the th i rd  row  and the 
e igh th  co lunm (and, by symmet ry ,  in the e igh th  row 
and  the  th i rd  column).  In a perfec t  world,  all 
en t r i e s  would  be 1.0. In a r a n d o m  world,  individual  
en t r i e s  could  be a n y t h i n g  be tween  - 1  and +1, but  
the i r  overa l l  ave rage  would  be zero. S p e a r m a n ' s  
Rho helps  to es t imate  whe re  be tween  these  two 
ex t r emes  the  da ta  migh t  be. 

P A N E L  M E M B E R  

1 2 3 4 5 6 7 8 9 I0  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

- -  0.55 0.20 -0.  I7 0.10 0.10 0.35 0.37 -0 .27 0.18 
0.55 - -  0.80 0.18 -0 .10  -0 .20  0.30 0.67 0.08 0,58 
0.20 0.80 - -  0.53 0 . 1 0 - 0 . 1 7  0.0S 0.67 0.38 0.-I,~ 

-0 .17 0.18 0.53 - -  0.35 0.38 0 . 2 7 - 0 . 1 0  0.95 0.57 
0.10 -0 .10  0.10 0.35 - -  0.53 -0 .02  0.10 0.42 -0 .30  
0.10 -0 .20  -0 .17 0.38 0.53 - -  0.72 -0 .23  0.37 -0 .10  
0.35 0.30 0.0,q 0.27 -0 .02  0.72 - -  -0 .02  0 . | 7  0 .27 
0.37 0.67 0.67 -0 .10 0.10 -0 .23  -0 .02 - -  -0 .17 -0 .02  

-0.27 0.08 0.38 0.95 0.42 0.37 0.17 -0 .17  - -  0.55 
0.18 0.58 0.4S 0.57 -0 .30  -0 .10  0.27 -0 .02  0.55 - -  

I w o n ' t  show the code for S p e a r m a n ' s  Rim here .  
S ta t i s t i c ians  know this s t u f f  a l ready,  and  non-s ta-  
t i s t ic ians  would  find it to be jus t  messy  a r i t hme t i c .  
For  reference ,  I used "'Practical Nonparamc t r i c  Sta-  
tistics," Second Edit ion,  by W. J. Conover ,  J o l m  
Wiley and Sons, New York ,  1980_ 

The  APL  needed to p roduce  th is  mat r ix?  A few 
lines of  code us ing a nes ted  loop, t ak ing  pane l i s t  1 
wi th  2 - 1 0 ,  2 wi th  3 - 1 0 ,  etc.  (...yes, I used l o o p s - -  
this i sn ' t  a s tory  abou t  code opt imiza t ion) .  The  
table is symmet r i c  about  its ma jo r  d iagona l  because  
I d idn ' t  t ake  t ime to p r e t t y  i t  up. W h a t  you  see is 
w h a t  w e n t  into my" repor t .  

Taken  as a group, the  ave rage  for 45 va lues  o f  
Rho was  0.23, wi th  a s t a n d a r d  dev ia t ion  o f  0.31. 
T a k e n  as individuals  however ,  some pane l i s t s  show 
co r re l a t ion  at s ta t i s t ica l ly  s ign i f i can t  levels.  

For  this  number  o f  s t ra teg ies ,  any  one va lue  o f  
Rho is s igni f icant  at  the  90% level i f  i t ' s  g r e a t e r  
t h a n  0.47 or less t h a n  - 0 . 4 7  (a minus  s ign ind ica te s  
a nega t ive  correlat ion) .  The  va lue  0.47 comes  f rom 
a table look-up in "Quanti les  o f  the S p e a r m a n  Tes t  
Statist ic." D o n ' t  wor ry  if  y o u ' r e  no t  fami l ia r  w i th  
th is  test .  Most  texts give an  exp l ana t i on  and a rec-  
ipe. A l t h o u g h  the ca l cu la t ions  are easy  in APL,  a 
knowledge  of  s ta t i s t ics  is helpful  in s e l ec t ing  w h a t  
tes ts  to use (and there are  many) .  

Conclus ion?  A l t h o u g h  there  was  no s ign i f i can t  
co r re l a t ion  when  panel  da ta  are  t a k e n  as a whole ,  
about  one quar te r  of  all indiv idual  panel  r a n k i n g s  
were  s igni f icant ly  corre la ted .  
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H i g h  a g r e e m e n t  o c c u r r e d  b e t w e e n  pane l i s t s  4 
a n d  9 (0.95), b e t w e e n  2 and  3 (0.80), and  b e t w e e n  6 
and  7 (0.72}. P a n e l i s t  8 a lso ag ree s  well  w i t h  bo th  
p a n e l i s t s  2 and  3 (0.67). P a n e l i s t s  5 and  10 mildly  
d i s a g r e e d  (--0.30), a l t h o u g h  n o t  a t  a s ign i f i can t  
level_ 

L a c k  o f  ove ra l l  h igh  c o r r e l a t i o n  p r o b a b l y  m e a n s  
t h a t  p a n e l i s t s  p r e t t y  m u c h  t h o u g h t  for  t hemse lves .  
A good s ign.  H i g h  c o r r e l a t i o n  b e t w e e n  a few indi- 
v i d u a l s  cou ld  m e a n  a n y  n u m b e r  o f  th ings ,  a b o u t  
w h i c h  I c a n ' t  specu l a t e .  A P L  c a n ' t  so lve  every-  
t h ing .  

Are Any of the Strategies Significantly 
Different? 

To e s t i m a t e  h o w  s h a r p l y  the  pane l  r a n k e d  the  
n i n e  s t r a t e g i e s ,  I used  t he  F r i e d m a n  t e s t  (named  for 
t he  n o t e d  e c o n o m i s t  M i l t o n  F r i e d m a n )  on  row  
sums .  In  t h e  t ab le  be low,  S t r a t e g y  1 has  the  small-  
es t  r o w  sum.  S t r a t e g i e s  3 and  4 d o n ' t  s e e m  to be 
m u c h  d i f fe ren t ,  and  n e i t h e r  do s t r a t e g i e s  6 - 9 .  
H o w  far  a p a r t  m u s t  the  r o w  s u m s  be to conc lude  
t h a t  the  pane l  r a n k i n g s  a re  s i g n i f i c a n t l y  d i f fe ren t?  

1 
2 
3 
4 
5 
6 
7 
8 
9 

P A N E L  M E M B E R  
R o w  

1 2 3 4 5 6 7 8 9 10 s u m  

1 1 1 3 1 1 1 1 4 5 19 
6 3 3 2 8 5 2 4 2 1 3 6  

5 8 6 1 2 3 6 9 1 4 45 
7 4 4 4 5 6 7 5 3 2 47 
2 2 5 7 7 8 5 6 7 3 52 
8 5 2 5 6 9 9 3 6 7 60 
3 6 7 9 4 7 8 2 8 8 62 
9 9 9 6 3 2 4 8 5 9 64 
4 7 8 8 9 4 3 7 9 6 65 

T h e  F r i e d m a n  t es t  he lps  to e s t i m a t e  "how m u c h  
d i f f e r ence  m a k e s  a d i f f e r ence"  in the  r a n k i n g  data_ 
I n  a p e r f e c t  wor ld  the  r o w  s u m s  wou ld  bc  1 0 a 1 9 -  
Th i s  is an  u n i n t e r e s t i n g  case  b e c a u s e  it  te l ls  us 
zero  a b o u t  t he  s t r e n g t h  o f  those  p r e f e r e n c e s - - i t ' s  
t a n t a m o u n t  to one  m a n ' s  op in ion .  In  a r a n d o m  
w o r l d  t he  n ine  r o w  s u m s  would ,  on  ave rage ,  all be 
50, b e c a u s e  + / l  9 is ~45, and  also because  
( + / + / M ) = + / + / [ 1 ] M  is 1_ for  a n y  n u m e r i c  
m a t r i x  b/ o f  r a n k  2- 

T h e  F r i e d m a n  t e s t  he lps  to e s t i m a t e  w h e r e  
b e t w e e n  t h o s e  two  e x t r e m e s  the  da t a  m i g h t  be. I t  
t u r n s  o u t  t h a t  two r o w  s u m s  in the table  above are  
s i g n i f i c a n t l y  d i f f e ren t  i f  t h e y  differ  n u m e r i c a l l y  by 
18, 14, or  7 a t  the  95%, 90%,  and  75% conf idence  
levels ,  r e s p e c t i v e l y .  T h e s e  va lue s  come f rom a 
tab le  look-up  o f  the  F d i s t r i bu t i on .  

T h e  A P L ?  J u s t  a few l ines  o f  code to ca l cu la t e  
the  r o w  s u m  d i f f e rences  t h a t  c o r r e s p o n d  to the  
75%,  90% and  95% c o n f i d e n c e  levels_ I w o n ' t  s h o w  

it  h e r e - - i t ' s  a s p a c e - c o n s u m i n g  f u n c t i o n  o f  + / + / M ,  
+ / M ,  and  pM. 

S t r a t e g y  1 is eas i ly  the  p a n e l ' s  f i rs t  cho ice ,  a t  a 
conf idence  level o f  a lmos t  95%. T h e  d i f f e r ence  
b e t w e e n  the  row  sums  for s t r a t e g i e s  1 and  2 is 17, 
p r e t t y  close to the  95% c r i t i ca l  va lue  o f  18_ S t r a t -  
egy  2 is p re fe r r ed  to S t r a t e g y  3, b u t  o n l y  a t  a confi-  
dence  be low 90% (the r o w  s u m  d i f f e rence  is 9, 
be low the  90% conf idence  level  o f  14, b u t  above  the  
75% conf idence  level o f  7). Iffy.  S t r a t e g i e s  3 and  
4, and  4 and  5 are  i nd i s t i ngu i shab l e .  

R a n k  da ta  usua l ly  b e c o m e  m u s h  t o w a r d  las t  
cho ice .  Th i s  is okay .  We u s u a l l y  c a r e  o n l y  a b o u t  
top  choices ,  no t  las t  ones .  W h a t  w o u l d  we  h a v e  
done  i f  f i rs t  and  second  c h o i c e s  w e r e  no t  so q u a n t i -  
t a t i v e l y  d i s t ingu i shab le?  We w o u h l  h a v e  h a d  to dig 
deepe r  to se t t le  the ma t t e r .  

These  m a y  seem like w e a k  c o n c l u s i o n s -  Ye t  
t h a t ' s  exac t l y  w h a t  y o u  ge t  w i t h  n o n - p a r a m e t r i c  
s t a t i s t i c s .  T h e y ' r e  i n h e r e n t l y  w e a k e r ,  b e c a u s e  r a n k  
d a t a  c o n t a i n  i n h e r e n t l y  less  i n f o r m a t i o n .  Yet ,  
a m o n g  po l i cy  wonks ,  t he  m o t t o  is: " S o m e t h i n g  is 
b e t t e r  t h a n  noth ing ."  

I ' m  no t  free to ident i fy  w h i c h  s t r a t e g y  is w h i c h  
here .  Besides ,  th is  a r t i c l e  is a b o u t  A P L ,  n o t  t r ans -  
p o r t a t i o n  R&D_ S y m m e t r i c a l l y ,  my  r e p o r t  to t he  
D e p u t y  A s s i s t a n t  S e c r e t a r y  is a b o u t  t r a n s p o r t a t i o n  
R&D, no t  APL.  

The Time Factor 
In  c los ing,  I w a n t  to c o m m e n t  on  the  n o t i o n  

t h a t  A P L  ope ra t e s  at  " the  speed  o f  t h o u g h t . "  In  
r ea l -wor ld  w o r k  s i tua t ions ,  it j u s t  d o e s n ' t .  I t  t o o k  
a coup le  o f  days  to get  the  r a n k i n g  d a t a  (in Word-  
Pe r fec t )  f rom a c o n t r a c t o r  w h o  d i d n ' t  k n o w  h o w  to 
t r a n s f e r  files e l ec t ron ica l ly .  I t  t o o k  t w o  days  pa r t -  
t ime  to do the ana lys i s  d e s c r i b e d  here ,  i n c l u d i n g  
r e -do ing  t he  S p e a r m a n  s t u f f  b e c a u s e  I did it w r o n g  
the  f i rs t  t ime.  I t  took  a n o t h e r  two  days  to  w r i t e  i t  
up. All in all, it t o o k  m o r e  t h a n  two  w e e k s ,  off- 
and-on,  squeezed  b e t w e e n  o t h e r  w o r k  a n d  g o i n g  to 
the  a n n u a l  A P L  confe rence .  

Cou ld  o t h e r  so f twa re  do it  b e t t e r ?  I d o n ' t  
k n o w .  T h e r e  was  no c o m p e t i t i o n .  N o  one  had  a n y  
s t a f f  or  so f twa re  t h a t  m i g h t  h a v e  done  t h e  job bet-  
te r  o r  fas ter ,  and c a n n e d  s p r e a d s h e e t s  d o n ' t  s t a n d  a 
s n o w b a l l ' s  c h a n c e  in th is  k ind  o f  a n a l y s i s _  • 
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