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I . I n t r o d u c t i o n  

The. c o n d i t i o c s l  s t a t e m e n t  o c c u p i e s  a c e n t r a l  p l a c e  i n  tP.e t h e o r y  

and p r 3 c t i c e  o f  progr.imming. Ir, t e rms  o f  t h e o r y ,  t h e  form o f  t h e  

c o n d i t i o n a l  h a s  been t h e  f o c u s  o f  much o f  t h e  d e b a t e  i n  t h e  s t r u c t u r e d  

programming l i t e r a t u r e  . Zhould t h e  COTO s t a t e m e n t  b e  p r o h i b i t e d  so  

t h a t  t h e  c o n d i t i o n t l  i s  im-plemented ic Ein IF-TEiETi-ELSE form r a t h e r  

t h s n  an IF-GCTC form ( s e e  [7, l ; j ) ?  I n  terms o f  p r a c t i c e ,  s e v e r a l  

s t u d i e s  have shown t h e  h i g h  f r e q u e n c y  w i t h  which c o n d i t i o n a l  

s t a t e m e n t s  a r e  used i n  program code.  E l s h o f f  [5; ,  f o r  example,  

s t u d i e d  12C  commercial FL/I programs and found t h a t  c o n d i t i o n a l s  

constituted 17.6 p e r  c e n t  o f  s t a t e m e n t  t y p e s  u s e d ,  ranked second 

behind ass ignment  s t a t e m e n t s  ( s e e  a l s o  [ 1 2 ,  19;). I n t e r e s t i n g l y ,  o c l y  

17 p e r  c e n t  o f  IF  s t a t e m e n t s  used t h e  ELSE c l a u s e ;  t h e  c o r r e i a t i o r .  

c o e f f i c i e n t  between IF  s t a t e m e n t s  and GOT3 s t a t e m e n t s  was .E. 

Even w i t h  f o u r t h  g e n e r a t i o n  nonprocedura l  l s n g u a g e s ,  c o n d i t i o n a l  

s t a t e m e n t s  s t i l l  a p p e a r  t o  b e  a p r imary  ~ o n s t r u c t .  A f t e r  e x t e n s i v e  

e x p e r i e n c e  w i t h  Focus,  Iiead and liarman [18, p .  1091 conc lude :  "" i h e  

4CLs a r e  c u r r e n t l y  b e i n g  c a l l e d  ' n o n p r o c e d u r a l  l anguages '  , b u t  t h i s  

term i s  t o o  l i m i t e d  because  i n  l c i rge ,  r e a l  v o r l d  sys tems a  l i b e r 3 1  

s p r i n k l i n g  o f  p r o c e d u r a l  code ( e . & .  IF  s t a t e m e n t s  ) i s  e s s e n t i a l . "  

h  Focus and Komad, f o r  example ,  p r o v i d e  s e v e r a l  forms f o r  

implementing c o n d i t i o n a l  s t a t e m e n t s  1 1 Indeed ,  i t  i s  a  n o o t  

p o i n t  whether nonprocedura l  l a n g u a g e s  w i l l  e v e r  r s p l z c e  p r o c e d u r a l  
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l a n g u a g e s  (and ~ o n d i t i o n a l ~ ) .  ice l ty  and Stemple [24] found t h a t  u s 2 r s  

performed b e t t e r  uhen f o r m u l a t i n g  complex q u e r i e s  i n  p r o c e d u r a l  code 

t h a n  t h e y  d i d  us ing  nonprocedural  code.  They hypo thes ized  t h a t  

p r o c e d u r a l  code a l lo t ied  t h e  u s e r s  t o  t h i n k  i n  terms o f  a  c o n c r e t e  

a o d e l  t h a t  f a c i l i t a t e d  t h e i r  coding t h e  q u e r i e s .  !&us,  a t  l e a s t  f o r  

t h e  f o r s e e a b l e  f u t u r e ,  t h e  i m p o r t m c e  o f  c o n d i t i o n a l  s t a t e m e n t s  seems 

a s s u r e d .  

In  s p i t e  o f  t h e i r  impor tance ,  hoxever ,  t h e  e m p i r i c a l  r e s e a r c h  

un?er taken  on c o n d i t i o n a l  s t a t e m e n t s  i s  meagre. Given t h a t  most 

programming l anguages  a l l o w  c o n d i t i o n a l s  t o  be  implemented i n  s e v e r a l  

ways, one  would expec t  t h a t  programmer performance u s i n g  t h e  d i f f e r e n t  

forms would be a  s i g n i f i c a n t  concern .  3f t h e  few s t u d i e s  u n d e r t a k e n ,  

pe rhaps  t h e  r e s e a r c h  conducted by Sime, Green, and Guest [9, 22,  251 

is t h e  p i o n e e r i n g  and seminal  work. S p e c i f i c a i l y ,  t h e y  i n v e s t l g e t e 2  

programmer performance when c o n d i t i o n a l s  were implemented a s  a  n e s t e d  

s t r u c  t u r e  (;F-TI.~E;~-EEE) i n s t e a d  o f  a  b r a n c h - t o - l a b e l  s t r u c t u r e  

( I F - G C T G ) .  Across s e v e r a l  exper iments  t h e y  found ev idence  i n  f a v o r  o f  

t h e  n e s t e d  s t r u c t u r e .  

For some r e s e a r c h e r s ,  t h e  form t h a t  t h e  c o n d i t i o n a l  shou ld  t a k e  

now seems somewhat a  c l o s e d  m a t t e r .  Shneiderman [ 2 1 ,  p.  & I ;  

conc ludes :  " . . . c o n t r o l l e d  exper iments  and a  v a r i e t y  o f  i n f o r m h l  

f i e l d  s t u d i e s  i n d i c a t e  t h a t  t h e  c h o i c e  o f  c o n t r o l  s t r u c t u r e s  d o e s  meke 

a  s i g n i f i c a n t  d i f f e r e n c e  i n  programmer performance.  Evidence s u p p o r t s  

t h e  anecdo te  t h a t  t h e  number o f  bugs  i n  a  program i s  p r o p o r t i o c a l  t o  

the  square  o f  t h e  number o f  GOY'Gs,  . ." C t h e r s ,  however,  a r e  

s c e ~ t i c a l .  S h e i l  [ 2 0 ,  p .  1 ~ 7 ;  c o n c l u d e s  : "Unless  t h e  ( u n c i t e d )  
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' i n f o r m a l  s t u d i e s '  which a r e  a l l u d e d  t o  ( b y  Zhneiderman) a r e  v e r y  

c o m p e l l i n g ,  t h e  ev idence  s u g g e s t s  o n l y  t h a t  d e l i b e r a t e l y  c h a o t i c  

c o n t r o l  s t r u c t u r e  d e g r a d e s  pe r fo rnance  ." 

ITnnlle i n t u i t i v e l y  ve b e l i e v e  i n  t h e  s u p e r ~ o r i t y  o f  t h e  

I J ~ - T C T % ~  .,,L~-ELSE form o f  t h e  c o n d i t i o n a l  over  t h e  IF-CCTC form,  l i k e  Zhe i l  

we d c  p o t  b e l i e v e  th t i t  t h e  m a t t e r  i s  s e t t l e d .  Upon c l o s e  e x m i n h t l o c  

o f  t h e  r e s e a r c h  conducted by Zime, Creen,  and Cues t ,  we a r g u e  t!.erz 

a r e  s o n e  impor tzn t  confoundings  t h a t  make t h e i r  r e s u l t s  e q u i v o c a l .  kie 

do n o t  nean  t h e s e  comments t o  b e  a  criticism o f  Sime, Green,  and Guest 

s i n c e  t h e i r  s t u d i e s  v e r e  e x p l o r a t o r y .  L e v e r t h e l e s s ,  i n  t h i s  r e s e a r c h  

He a t t e m p t  t o  c o n t r o l  f o r  t h e s e  confoundings  and examine once a g a i n  

t h e  n e s t e d  c o n d i t i o n a l  v e r s u s  t h e  branch- t o - l a b e l  c o ~ d i t i o n a l  . 

The remainder  o f  t h e  paper  p roceeds  a s  f o l l o w s .  Sect ior-  2 

reviews t h e  p r i o r  r e s e a r c h  conducted by Sime, Green,  and Guest an3 

sumear izes  t h e i r  f i n d i n g s .  S e c t i o n  3 i d e n t i f i e s  f u r t h e r  r e s e a r c h  

q u e s t i o n s  t h a t  a r i s e  from t h e i r  work, t h e r e b y  p r o v i d i n g  t h e  r a t i o n a l e  

f o r  t h e  c u r r e n t  r e s e a r c h .  S e c t i o n  4 d e s c r i b e s  t h e  l anguages  

i n v e s t i g a t e d  i n  t h e  c u r r e n t  r e s e a r c h .  S e c t i o n  5 p r e s e n t s  t h e  t h e o r y  

and hypo theses  u n d e r l y i n g  o u r  r e s e a r c h .  S e c t i o n  6 d e s c r i b e s  t h e  

r e s e a r c h  methodology u s e d .  S e c t i o n s  7 and 8 p r e s e n t  t h e  d a t a  a n a l y s i s  

and d i s c u s s  t h e  r e s u l t s  o b t a i n e d .  S e c t i o n  9 i d e n t i f i e s  some 

l i m i t a t i o n s  o f  t h e  r e s e a r c h .  F i n a l l y ,  s e c t i o n  1C p r e s e n t s  o u r  

c o c c l u s i o n s .  
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2. P r i o r  Research 

I n  t h e i r  f i r s t  a t t e m p t  t o  i n v e s t i g a t e  t h e  effec"; o f  d i f f e r e n t  

implementa t ions  o f  t h e  cof id i t iona l  c o n t r u c  t ,  Eime, Green, and Guest 

[ 2 2 ]  stuciied t > i O  l anguages :  JU*;?, a  language i n c o r p o r a t i r g  a  

branch-  zo- labe l  c o n d i t i o n a l ;  and ?<EST, a  l anguage  i n c o r p o r s t i n g  a  

n e s t e d  c o n d i t i o n a l  ( s e e  Tab les  ; and 4 ) .  To e n a b l e  them t o  s t u d y  a  

l i m i t e d  but  c o n t r o l l e d  s e t  o f  e f f e c t s ,  b o t h  were a r t i f i c i a l  l anguages  

w i t h  s e v e r e l y  r e s t r i c t e d  s y n t a x  hnd s e m a n t i c s .  S u b j e c t s ,  who were 

i n e x p e r i e n c e d  progranmers ,  f i r s t  l e a r n e d  one l a n g u a g e  and wrote 

s o l u t i o n s  f o r  f i v e  problems; t h e n ,  s i x  weeks l a t e r ,  t h e y  l e a r n e d  t h e  

o t h e r  l anguage  and wrote  s o l u t i o n s  f o r  t h e  same problems. The 

s u b j e c t s  worked i n t e r a c t i v e l y .  When t h e y  were s a t i s f i e d  t h e i r  program 

was comple te ,  t h e  system checked t h e i r  code f o r  s y n t a c  t i c  e r r o r s .  

h'hen t h e s e  e r r o r s  were c o r r e c t e d ,  t h e  program uas  e x e c u t e d .  Eemantic 

e r r o r s  were i d e n t i f i e d  i n  a novel  i i sy .  The problems invo lved  

c o ~ s t r ~ c t i n g  progrnms t o  fo l lo r :  a  cooking r e c i p e  t o  p r e p a r e  food f o r  a 

"mechanical  ha re . "  The hungry h a r e  gave  an a u d i t o r y  s i g n a l  i f  i t s  food 

was n o t  prepared c o r r e c t l y .  

Table  1 summarizes t h e  r e p o r t e d  e x p e r i m e n t a l  r e s u l t s  . A 

s i g n i f i c a n t l y  g r e a t e r  number o f  s u b , e c t s  i n  t h e  JUEP g r o u p  f a i l e d  t o  

complete  t h e  e x p e r i m e n t a l  t a s k s  ir. t h e  e l l o t t e d  t ime .  Fur the rmore ,  

t h e  JUICP group  made s i g n i f i c s n t l y  more semant ic  e r r o r s  and took 

s i g n i f i c a n t l y  more t ime  t o  complete  a problem t h a n  t h e  !:EST group .  I n  

t e r n s  o f  t h e  t r a n s f e r  c o n d i t i o n ,  s u b j e c t s  who f i r s t  l e a r n e d  KLST arid 

then JC'IlP had a s i g n i f i c a n t l y  g r e a t e r  number o f  problems t h a t  took  

l o n g e r  t o  complete  on t h e  second t r i a l  t h a n  t h e  g r o u p  t h a t  f i r s t  
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l e a r n e d  JUT.:P and then  XELT. 20th  groups  showed improvement, b u t  i t  

seems a s  i f  i t  i s  more d i f f i c u l t  t o  program i n  JUKP a f t e r  l e a r n i n g  

!;EST whereas  i t  i s  e a s i e r  t o  program i n  !;EST a f t e r  l e a r n i n g  JUXP. 

[ ~ n s e r t  Table 1 abou t  h e r e ]  

In  t h e i r  second exper iment ,  Sime, Green, and Guest [23; 

i c v c e t i g a t e d  txo n o r e  micro- lenguages  t h a t  i n c o r p o r a t e d  a n e s t e d  

con i i i t io r l a l  : CELT-BE, which used t h e  words "begin"  and "end" t o  

d e s i g r i a t e  t h e  sccpe  o f  a  c o n d i t i o n a l ;  and IiEST-IKE, which d e s i g n a t e d  

t h e  scope  o f  a  c o n d i t i o n a l  by r e p e a t i n g  t h e  p r e d i c a t e  'riith a "1:OT" 

term ( s e e  Table  3). The syn tax  o f  t h e s e  l a n g u a g e s  r e s o l v e d  ambigu i ty  

t h a t  a r o s e  w i t h  t h e  NEST l anguage  wtier- n u l t i p l e  a c t i o n s  were 

a s s o c i a t e d  wi th  3 c o n d i t i o n .  

Three  g roups  o f  s u b j c c t s  having r,o programming e x p e r i e n c e  l e a r c e d  

t k s  JKIF, :,EST-ZC, and !:EST--"'-' list l a n g u a g e s .  Again,  t h e y  under took  f i v e  

problems t o  feed t h e  hungry h a r e .  In  t h i s  e x p e r i m e n t ,  however,  s 

t r a n s f e r  c o n d i t i o n  was n o t  i n v e s t i g a t e d .  

Tab le  1 summarizes t h e  r e p o r t e d  r e s u l t s .  'Tne d i f f e r e n c e  betwee2 

t h e  p r o p o r t i o n s  o f  e a c h  g roup  s u c c e s s f u l l y  comple t ing  a l l  problems in 

t h e  a l l o t t e d  t ime  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  a l t h o u g h  JL2.P 

outperformed IL'EST-IHE, which i n  t u r n  outperformed KESY-EC. 

S i g n i f i c a n t l y  more semant ic  e r r o r s  p e r  problem were made by  t h e  Jlii?lP 

g roup ,  and XES?-IKE outperformed ?;KT-BE. E i g n i f i c a n t l y  more 

s y n t a c t i c  e r r o r s  were made by  t h e  I:EST-BE g r o u ? ,  and I;ESY-I&E 

outperformed JUXP. %hen b o t h  s y n t s c t i c  and semant ic  e r r o r s  were 

cons ide red  t o g e t h e r ,  t h e  LEST-EE g r o u p  s o l v e d  s i g n i f i c a n t l y  fewer  
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prob lems  on t h e  f i r s t  a t t e m p t ,  and JECP outperformed 1;E;S';-;KE. In  

t e r m s  o f  e r r o r  l i f e t i m e s ,  however, EVEST-II;E programs cou ld  be debugged 

s i g n i f i c a n t l y  f a s t e r ,  and JUICE outperformec! KEZT-BE. 

Tbro impor tan t  c o n c l u s i o n s  d e r i v e  f r o a  t h e s e  r e s u l t s .  F i r s t ,  t h e  

s u p e r i o r i t y  o f  t h e  n e s t e d  c o n d i t i o n a l  and t h e  branch-  t o - l a b e l  

c o n d i t i o n a l  i s  e q u i v o c a l .  According t o  some performance c r i t e r i a ,  t h e  

JUKP l a n g u a g e  ou tpe r fo rms  t h e  T;ESY-BE lhnguage.  It  seems, t h e r e f o r e ,  

t h a t  t h e  c h o i c e  o f  langubge used t o  implement t h e  n e s t e d  c o n d i t i o n a l  

is  Lin i m p o r t a n t  I s s u e .  Second, t h e  r e s u l t s  provided Sime, Green,  and 

Guest w i t h  i m p o r t a n t  i n s i g h t s  a s  t o  vhy a t  l e a s t  some implementa t ions  

o f  t h e  n e s t e d  c o n d i t i o n a l  may b e  s u p e r i o r  t o  t h e  branch- t o - l a b e l  

c o n d i t i o n a l .  ';?-ley i d e n t i f i e d  two fundamental  programming t a s k s  : 

taxonomizing -- i d e n t i f y i n g  t h e  c o n d i t i o n s  under  which c e r t a i n  a c t i o n s  

must b e  performed; and t r a c i ~ g  -- d e s c r i b i n g  t h e  o r d e r  i n  which 

i n s t r u c t i o n s  a r e  execu ted .  Ebth a r e  i m p o r t a n t  a c t i v i t i e s  d u r i n g  t h e  

program d e s i g n ,  c o d i n g ,  and debugging t a s k s .  They a r g u z  t h a t  t h e  two 

n e s t e d  l a n g u a g e s ,  w i t h  t h e i r  a u t o m a t i c  i n d e n t i n g ,  r e d u n d a n t l y  code 

( s p a t i a l l y )  much sequence i n f o r m a t i o n ,  t h e r e b y  f a c i l i t a t i n g  t h e  

t r a c i n g  t a s k .  The JUXP l a n g u a g e ,  t h e y  a r g u e ,  c a n n o t  b e  i n d e n t e d  

s u c c e s s f u l l y ,  and so  a  t a s k  r e q u i r i n g  c l e a r  sequence i n f o m a t i o n ,  s u c h  

a s  d r a f t i n g  a  program, w i l l  be  e a s i e r  i n  t h e  n e s t e d  l anguages  t h s n  i n  

JUEP. I n  t e rms  o f  t h e  taxonomizing t a s k ,  6EST-IIiE f a c i l i t a t e s  

i d e n t i f y i n g  what c o n d i t i o n s  produce a n  a c t i o n  th rough  r e d u n d a n t l y  

cod ing  t h e  p r e d i c a t e s .  JUiglE and ::EST-BE, however,  r e q u i r e  more 

e x t e n s i v e  s e a r c h  o f  t h e  sequence  i n f o r m a t i o n  t o  d e t e r m i n e ,  f o r  

example,  which KCT c o n d i t i o n  i s  a s s o c i a t e d  w i t h  a  p a r t i c u l a r  a c t i o n .  
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These  r e s u l t s  mot iva ted  Green [g,, i n  two c a r e f u l l y  c o n t r o l l e d  

e x p e r i m e n t s ,  t o  examine whether exper ienced programmers indeed 

ach ieved  d i f f e r e n t  l e v e l s  o f  performance,  depending on t h e  l anguage  

u s e d ,  a c r o s s  t r a c i n g  and taxonomizing t z s k s .  In  t h e  f i r s t  exper iment  

he presenteci  s u b j e c t s  wi th  a program w r i t t e n  i n  e i t h e r  ;U,:P, KEZT-EI3=, 

o r  - 1  gave  them a s e t  o f  t r u t h - v a l u e s  f o r  t h e  program 

p r e d i c a t e s ,  and asked them t o  i n d i c a t e  t h e  a c t i o n  t h a t  would be t a k e n  

a s  a  r e s u l t  o f  t h e s e  t r u t h - v a l u e s .  Eie hypothes ized t h a t  t h e  t ime  

t a k e n  t o  i d e n t i f y  t h e  a c t i o n  u s i n g  JUXP xould  be s l i g h t l y  l o n g e r  than  

t h e  t i m e  t aken  u s i n g  I;EZT-BE o r  ?;EST-IWE because  s u b 2 e c t s  had t o  

i d e n t i f y  l a b e l s  i n  t h e  JUKP program; however,  t h e r e  should  b e  no 

d i f f e r e n c e s  between t h e  n e s t e d  forms.  For t h e  t r a c i n g  t a s k ,  t h e  

r e s u l t s  confirmed h i s  e x p e c t a t i o n s :  JwP took  s l i g h t l y  l o n g e r  

( s t h t i s t i c a i l y  s i g n i f i c a n t  d i f f e r e n c e )  than  t h e  n e s t e d  forms;  and 

a1 though TXZT-IXE took  s l i g h t l y  l o n g e r  t h a n  !JEST-EE, t h e  d i f f e r e n c e  

was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  ( s e e  Table  1 ) .  

I n  t h e  second e x p e r i m e n t ,  Green a g a i n  p r e s e n t e d  s u b j e c t s  w i t h  a  

Frogram w r i t t e n  i n  e i t h e r  t h e  JUXP, XEST-EE, o r  GEST-IIX l a n g u a g e s .  

This  t i m e ,  however,  he  gave  s u b j e c t s  t h e  a c t i o n  t o  be  t a k e n  and asked 

them t o  p rov ide  t h e  t r u t h - v a l u e s  f o r  t h e  p r e d i c a t e s  t h a t  would invoke 

t h a t  a c t i o n .  S i n c e  t h i s  was a taxonomizing t a s k ,  h e  h y p o t h e s i z e d  t h a t  

sub; e c t s  would t a k e  l o n g e s t  w i t h  :V?.IP, and ICEST-BE would t a k e  l o n g e r  

than  HEST-IFE. Again,  t h e  r e s u l t s  conf i rmed h i s  e x p e c t a t i o n s  : JUIeiF 

t o o k  l o n g e r  than  fiEST-BE, and NEST-BE t o o k  l o n g e r  t h a n  EEST-INE. The 

d i f f e r e n c e s  were s t a t i s t i c a l l y  s i g n i f i c z n t  ( s e e  Table  1 ) . 
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3. R a t i o n a l e  f o r  t h e  Cur ren t  Research -- 

While i n t u i t i v e l y  we a g r e e  wi th  t h e  r e s u l t s  z b t a i n e d  by Sime, 

Green,  and Guest ,  t h e r e  a r e  two a r e a s  where xe t a k e  e x c e p t i o n .  F i r s t ,  

t h e  exper imenta l  t a s k  t h a t  :me,  Green, and ( ?st [22 ,  23; gave t h e i r  

s u b j  ec ts' comprised t h r e e  programming t a s k s  : d e s i g c ,  c o d i n g ,  and 

debugging.  P i e  s u b j e c t s  were n a i v e  o r  inexper ienced  programxers .  I t  

seems t h e y  were n o t  g i v e n  formal t r a i n i n g  i n  kow t o  under take  each o f  

t h e  t h r e e  t s s k s ;  t h u s ,  t h e i r  r e s u l t s  n a y  r e f l e c t  somewhat 

i d i o s y n c r a t i c  approaches  t o  t h e  t a s k s .  Perhaps w i  t k  formal  t r a i n i n g  

i n  sack  t a s k ,  t h e  d i f f e r e n c e s  among t h e  l anguages  a a y  d i s s i p a t e .  We 

d e v e l o p  t h i s  i s s u e  i n  t h e  f i r s t  s e c t i o n  below. Second, w h i l e  t h e  

n e s t e d  l anguages  were i n d e n t e d ,  JUI,IP was n o t  i n d e n t e d .  Green [9, 

p . 1 ~ 5 j  a r g u e s  t h a t  "GCTC c o n d i t i o n a l s  c a n n o t ,  i n  g e n e r a l ,  b e  

indentec! ." 'G;e d i s a g r e e .  I n  t h e  second s e c t i o n  below,  we a r g u e  t k s t  

Z i a e ,  Green, and Guest have adopted a  l anguage  s y n t a x  t h a t  i s  t o o  

r e s t r i c t i v e .  Consequent ly ,  cod ing  t h e i r  l anguage  i n  i n d e n t e d  form 

indeed is  d i f f i c u l t ,  b u t  i n d e n t i n g  can be  accomplished e a s i l y  i f  t h e  

syn tax  is  r e l a x e d  s l i g h t l y .  i s  modif ied  l anguage  i s  a c l o s e r  

approx imat ion  o f  r ea l -wor ld  programmicg l a n g u a g e s  and a l l o w s  a 

" f a i r e r "  comparison w i t h  t h e  n e s t e d  l anguages .  

Programming Task - Confound i n g  

I n  t h e  two e x p e r i m e n t s  conducted by Sime, Green,  and Guest 

[22 ,27 ; ,  s u b j e c t s  l e a r n e d  t h e  mic ro - languages  p r i m a r i l y  from w r i t t e n  

i n s t r u c t i o n s .  They do  n o t  a p p e a r  t o  have been  t r a i n e d  i n  a 

l anguage- f ree  c o n t e x t  w i t h  r e s p e c t  t o  good d e s i g c ,  c o d i n g ,  and 
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debugging p r a c t i c e s .  Like Floyd (6: we a rgue  t h e r e  a r e  "paradigms" i n  

programming -- good p r a c t i c e s  t h a t  e x i s t  i n d e p e n d e n t l y  o f  programming 

l a n g u a g e s .  Languages should  be e v a l u a t e d  i n  t e rms  o f  how w e l l  they  

a l l o w  t h e s e  paradigms t o  be implemented a s  code .  Perhaps  f o r  t h e  

s i m p l e  exper imenta l  t a s k s  used by Sime, Green, and Guest ,  t h e  

i n e x p e r i e n c e d  s u b j e c t s  i n t u i t i v e l y  i d e n t i f i e d  t h e  good d e s i g n ,  c o d i n g ,  

and debugging p r a c t i c e s  t h a t  should  have been used t o  s o l v e  t h e  

problems a s s i g n e d .  We s u s p e c t  t h s t  t h i s  is n o t  t h e  c a s e ,  however,  a t  

l e a s t  f o r  t h e  JUKP language ,  i f  n o t  f o r  t h e  n e s t e d  l anguages .  

C o c s i d e r ,  f i r s t ,  t h e  program d e s i g n  t a s k .  For  t h e  s i m p l i s t i c  

e x p e r i m e n t a l  problems g i v e n  t o  s u b j e c t s ,  t h e r e  a r e  two p r imary  

a c t i v i t i e s .  F i r s t ,  t h e  c o n d i t i o n s  under which a n  a c t i o n  is performed 

must b e  de te rmined .  T h i s  i s  t h e  taxonomizing t a s k  i d e n t i f i e d  by Sime, 

Green,  and Guest .  Fur the rmore ,  t o  check t h e  a c c u r a c y  and comple teness  

o f  t h e  taxonomy deve loped ,  t r a c i n g  might a l s o  b e  performed. Second, 

t h e  o r d e r  i n  u h i c h  c o n d i t i o n a l  t e s t s  w i l l  b e  c a r r i e d  o u t  i n  t h e  

program must b e  d e t e r m i n e d .  ;dhen Sime, Green,  and Guest p r e s e n t e d  

t h e i r  i n s t r u c t i o n s  t o  s u b j e c t s ,  t h e  taxcnomizing t a s k  had a l r e a d y  been 

completed.  For  example,  a  t y p i c a l  i n s t r u c t i o n  ;*?as: l :  A l l  

t h i n g s  which a r e  j u i c y ,  n o t  hard  and n o t  t a l l . "  S u b j e c t s  s t i l l  had t o  

perform t h e  second t a s k ,  however.  ;.s ire show below,  t h e r e  is a formal  

way t o  d e t e r m i n e  t h e  sequence i n  x k l c h  t e s t s  shou ld  b e  performed.  I f  

s u b j e c t s  a r e  n o t  shown t h i s  n e t h o 6 ,  p a r t  o f  t h e  e f f e c t s  o b t a i n e d  by 

Sime, Green, and Guest may r e f l e c t  t h a t ,  f o r  n a i v e  s u b j e c ' t s ,  t h e  

lhnguages  t h e y  e v a l u a t e d  f a c i l i t s t e d  d i f f e r e n t i a l l y  choos ing  t h e  

sequence o f  t a s k s  t o  be  performed.  IIad t h e  s u b j e c t s  been shown how t o  

choose t h e  sequence  o f  t a s k s ,  p a r t  0:' t h e  e f f e c t s  o b t a i n e d  may have 
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C o n s l d e r  , n e x t ,  t h ?  c c d l n g  t a s k ,  Here  we i d e n t ~ f y  s t i l l  a n c t h e r  

t ; ~ ~ e  o f  a c t i v l t y  t o  b e  per formed;  namely ,  t h e  se_quenclng a c t l v l t y  

whe reb :~  a  Drcgrarn d e s l g c  rncst b e  c o n v e r t e d  I n t o  t h e  l l n e a r   bysi sic all y 

c o n t l g u c u s )  s equence  c f  Drcgram c o d e .  I t  i s  s l m l l z r  t o  t r a c l n g  ~ r ,  

t n a t  a  prcgr'anmer ~ r c c e e d s  f r o %  c c n d l t l c n s  t o  a c t l o n s .  l i e v e r t h e l e s s ,  

l t  differs i n s c f a r  a s  t r a c i n g  f o l l o w s  l n s t r c c t i c n s  t h a t  a r e  l c g l c a l A  

cont1guo; Is  whereas  sequencing determines t h e  physical c r d e r  i! f  

instructions. 

Given 3 f o r n a l  program d e s i g r , ,  s e q u e n c i n g  is a s t r a i g h t f o r w a r d  

t i c t i v i t y .  C c n s i d e r  T a b l e  2,  which  shows a  d e c i s i o n  t a b l e  

r e ~ r e s e n t a t i o n  o f  P rob l  em 5 i n  S i n e ,  Green ,  and Cues t  [23l. The 

d e c i s i c n  t a b l e  c o n s t i t u t e s  a  f o r a d  r e p r e s e n t a t i c n  o f  t h e  Drogran 

d e s i g c .  Each rcl e shows t h e  n e c e s s a r y  t a x c n  i n  f o r n a t i o n .  Xorecv e r  , 

o r o v i d i n g  t h e  d e c i s i c n  t a b l e  h a s  been  s o r t e d  a c c o r d i n g  t o  t h e  u s u a l  

r u l e s ,  i t   res scribes t h e  o r d e r  i n  which c o n d i t i o n s  s h o u l d  b e  t e s t e d  -- 

camel y ,  t h e  o r d e r  o f  t h e  rows i n  t h e  cond i t i c n  s t u b  ( s e e ,  e  .g , , [ 3  I )  . 
S-cquencing t h e n  p r o c e e d s  by  ~ r o g r e s s i v e l  y  ~ a r t i t i o n i n g  t h e  t a b 1  e  i n t c  

y e s  and "LO" b r a n c h e s ,  r e p r e s e n t i n g  t h e s e  b r a n c h e s  v i a  a  d e c i s i c r .  

t r e e ,  and  c o d i n g  t h e  t r e e  i n  a  l e f t - t o - r i g h t  f a s h i o n  ( p r e c r d e r  

t r a v e r s a l )  . Tabl e 2 shcr j s  how a  d e c i s i c n  t r e e  h a s  been  used  t o  

~ a r t l t i o n  t h e  d e c l s i o n  t a b l e .  Tabl e  j shcws  o u r  c s d l r g  o f  T a b l e  2 l r ,  

t h e  !VEST, NEST-BE, and NEST-I?IE l a n p c a g e s .  Ncte  t h a t  t h e  s e q u e n c e  o f  

c o d e  I n  e a c h  s o l u t i o n  r s f l e c t s  a  p r e o r d e r  t r a s v e r s a l  o f  t h e  d e c l s l o r i  

t r e e  drawn t o  p a r t l t l o n  t h e  d e c l s l o n  t a b l e .  No te ,  a l s o ,  t h a t  o c r  

solutions c o r r e s ~ o n d  t o  t h o s e  g i v e n  b y  Slrne, Green ,  and Guest  1231. 
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[ ~ n s e r t  Tab les  2 and 3 abou t  he re ]  

The d e c i s i o n  t a b l e ,  d e c i s i o n  t r e e ,  and p r e o r d e r  t r a v e r s a l  

t e c h n i q u e s  a r e  l a n g u a g e - i n d e ~ e x d e n t  formal  program d e s i g n  arid coding 

i ;echniques  ; phradigms) . Once a  Frogrammer 'knows t h e s e  t e c h n i q u e s ,  

s e q u e n c i n g  i s  a  somewhat t r i v i a l  t a s k ,  p r o v i d i n g  t h a t  t h e  l s n g u s g e  

s y n t a x  used t o  implenent  t h e  d.esign p e r m i t s  p r e o r d e r  t r a v e r s a l  o f  t h e  

t r e e .  It i s  h e r e  t h a t  t h e  d e f i c i e n c i e s  i n  t h e  JUXP language  proposed 

by Sime, Green, and Guest become a p p a r e ~ t .  

C o ~ s i d e r  f a b l e  4 ,  which shous t h e  JL?+'P s o l u t i o n  f o r  t h e  d e c i s i o n  

t a b l e  shown i n  Table 2. 'Xe cor respondence  between t h e  t a b l e  ( t r e e )  

and ;Ul,:F s o l u t i o n  i s  n o t  c l e a r - c u t .  Why? The s y n t a x  o f  JUFX d o e s  n o t  

p e r m i t  a  p r e o r d e r  t r a v e r s a l  o f  t h e  t r e e .  lxis can  b e  r e c t i f i e d  

e a s i l y ,  however,  by a  s l i g h t  m o d i f i c ~ t i o n  t o  t h e  s y n t a x .  i f  t h e  

l a n g u a g e  a l l o w s  a n  u n c o n d i t i o n a l  GOTO, Tab le  4 shows t h e  s o l u t i o n .  

Iiote t h a t  t h e  u n c o n d i t i o n a l  GOTO h a s  n o t  been used i n  an  urneonstrained 

f a s h i o n .  It h a s  been used t o  r e f l e c t  t h e  XOT b r a n c h  o f  t h e  d e c i s i o n  

t r e e .  Fur the rmore ,  t h e  o r d e r  o f  l a b e l s  i s  determined e a s i l y  by  

l a b e l i n g  a c c o r d i n g  t o  a  p r e o r d e r  t r a n s v e r s a l  o f  t h e  t r e e  ( s e e  Tab le  

2 ; .  Agr in ,  p r o v i d i n g  t h e  l anguage  accommodates t h e  i;OT b ranch  o f  t h e  

t r e e ,  t h e  program d e s i g c  and sequenc ing  t a s k s  a r e  l a n g u a g e  

independen t .  I n s o f a r  a s  t h e  widely-used programming l anguages  t h s t  

p r o v i d e  a branch- t o - l a b e l  c o c i i i t i o n a l  a l s o  p e r m i t  an u n c o n d i t i o n a l  

t r a n s f e r  o f  c o n t r o l ,  Sime, Green, and G u e s t ' s  compar ison o f  J l X P  w i t h  

t h e  nes ted  l anguages  i s  somewhat " u n f a i r " .  JUIP  programmers a r e  

fo rced  to  under take  a  more complex sequenc ing  t a s k ,  and t h e  

e x ~ e r i ~ n e n t a l  r e s u l t s  do n o t  b e a r  on t h e  r e l a t i v e  s t r e n g t h s  and 
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weaknesses  o f  - n e s t e d  v e r s u s  b rnnch- to - l abe l  i m ~ l e m e n t a t i o n s  o f  

c o n d i t i o n a l s  i n  r ea l -wor ld  programming l anguages .  

[ ~ n s e r t  Table  4 abou t  h e r e ]  

As a  consequence o f  t h e  above a rguments ,  we a l s o  q u e s t i o n  t h e  

r e s u l t s  o b t a i n e d  by Sime, Green,  and Guest ( 2 7 :  x i t h  r e s p e c t  t o  t h e  

debugging c a p a b i l i t i e s  o f  t h e  l a n g u a g e s .  F.ecall t h a t  Sime, Green,  and 

Guest [ 2 3 ;  found e r r o r s  i n  KEZT-IKE e a s i e s t  t o  c o r r e c t .  Fur the rmore ,  

Green [9j found t h e  t r a c i n g  and taxonomizing t a s k s  ( fundamental  t o  

debugg ing)  t o  b e  e a s i e s t  i n  t h e  n e s t e d  l anguages .  There a r e  two 

-problems wi th  t h e s e  r e s u l t s .  F i r s t ,  i n  terms o f  Sime, Green,  and 

Gues t ,  i f  f o r  n a i v e  programmers t h e  l anguages  f a c i l i t a t e d  

d i f f e r e n t i a l l y  t h e  program d e s i g n  t a s k ,  t h e  e r r o r s  e x i s t i n g  a t  t h e  end 

o f  cod ing  may n o t  have been e q u a l l y  s e r i o u s .  Thus, s u b j e c t s  mey h a v e  

under taken  debugging s t a r t i n g  from d i f f e r e n t  b a s e s .  I n  a d d i t i o n ,  t o  

t h e  e x t e n t  t h a t  t h e  program d e s i g n s  were n o t  e q u a l l y  c l e a r  t o  t h e  

s u b j e c t s ,  t h e  debugging r e s u l t s  a r e  confounded.  Eecond, i n  t e r m s  o f  

G r ~ e n ' s  r e s e a r c h ,  t h e  2U1CP r e s u l t s  may r e f l e c t  t h e  absence o f  a  c l e a r  

iiCT c o n d i t i o n  expressed  v i a  a n  u n c o n d i t i o n a l  t r a n s f e r  o f  c o n t r o l .  Xe 

do  n o t  q u e s t i o n  t h e  i n t e r n a l  v a l i d i t y  o f  G r e e n ' s  r e s u l t s ,  o n l y  t h e  

e x t e r n a l  v a l i d i t y  i n  t e rms  o f  l a n g u a g e s  t h a t  p r o v i d e  branch-  t o - l a b e l  

c o n d i t i o n a l s .  

I n  t h e  c u r r e n t  r e s e a r c h  we a t  tempt t o  d i s e n t a n g l e  v a r i o u s  

e f f e c t s .  S i n c e  program d e s i g n  can  b e  c a r r i e d  o u t  i n d e p e n d e n t l y  o f  t h e  

l anguage  u s e d ,  t h i s  f a c t o r  i s  c o n t r o l l e d .  Fur the rmore ,  we b e l i e v e  

Green ' s  r e s e a r c h  p r o v i d e s  c o m p e l l i n g  e v i d e n c e  t h a t  n e s t e d  l a n g u a g e s ,  
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e s p e c i a l l y  KEZT-IEE, w i l l  outperform JUXF Tor debugging t a s k s .  

Whether nes ted  l anguages  w i l l  outperform Jl;l:F f o r  t h e  sequenc ing  t a s k ,  

however ,  i s  l e s s  c l e a r - c u t .  We s e e  t h i s  a s  a  s t r a t e g i c  h y p o t h e s i s  t o  

t e s t .  Coes use  o f  s t r u c t u r e d  programming c o n t r o l  c o n s t r u c  ts 

f a c i l i t a $ e  o n l y  codlng , o n l y  debugging,  o r  bo th  a c t i v i t i e s ?  

7.2 I n d e n t a t i o n  

Sime,  Grzen, and Cuest  [ 2 3 ]  a rgue  t h a t  i n d e n t a t i o n  is b e n e f i c i a l  

because  i t  r e d u n d a n t l y  codes  i n f o r m a t i o n  t h a t  f a c i l i t a t e s  t h e  t r a c i n g  

t a s k .  Where t h e r e  i s  no t e s t ,  t h e  n e x t  a c t i o n  i s  o c  t h e  n e x t  l i n e  

w i t h  no change i n  i n d e n t a t i o n .  > h e r e  t h e r e  is a  t e s t ,  t h e  a c t i o n  

s a t i s f y i n g  the  c o n d i t i o n  i s  on t h e  n e x t  l i n e ,  which i s  inclented more ,  

and t h e  I:OT c o n d i t i o n  i s  t h e  n e x t  a c t i o n  on t h e  same l e v e l  o f  

i n d e n t i n g  a s  t h e  t e s t .  Green [9; a r g u e s  t h a t  i n d e n t a t i o n  a l s o  

f a c i l i t a t e s  t h e  taxonomizing t a s k  i n  t h a t  r e l e v a n t  o r  i r r e l e v a n t  s e t s  

o f  c o n d i t i o n s  can b e  i d e c t i f i e d  q u i c k l y ,  s i m p l y  by a s s o c i a t i n g  l e v e l s  

o f  i n d e n t a t i o n .  C l e a r l y ,  t h e r e f o r e ,  Sime, Green,  and Guest r e g a r d  t h e  

a b i l i t y  t o  i n d e n t  a  l anguage  a s  b e i n g  an i m p r t a n t  f a c t o r  a f f e c t i n g  a 

progrzmmer's  a b i l i t y  t o  c a r r y  o u t  t h e  t r a c i n g  o r  taxonomizing t a s k s .  

In  t e rms  o f  t h e  e x p e r i m e n t s  conducted by Eime, Green,  and Gues t ,  

o n l y  t h e  n e s t e d  l anguages  have  been i n d e n t e d .  Indeed ,  %me, Green,  

and Guest [ 2 5 ,  p . l  151 a r g u e :  "JUKP h a s  no i n d e n t a t i o n ,  and i n  f a c t  i t  

canno t  b e  s u c c e s s f u l l l y  i n d e n t e d  u n l e s s  t h e  l a n g u a g e  i s  c o n s i d e r z b l y  

r e s t r i c t e d "  ( o u r  emphasis)  . Converse ly ,  we a r g u e  t h a t  a  s l i g h t  

r e l a x a t i o n  i n  t h e  s y n t a x  o f  JUKP a l l o w s  i t  t o  be  i n d e n t e d  a t  l e a s t  

somewha t m ~ m i n g f u l l y .  Again,  t h e  r e l a x a t i o n  i n v o l v e s  u s i n g  an 
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u n c o n d i t i o n a l  GCTO t o  r e p r e s e n t  t h e  KCT branch  i n  t h e  d e c i s i o n  t r e e  -- 

t h e  same a d a p t a t i o n  proposed i n  t h e  p r e v i o ~ s  s e c t i o n .  Table  5 shows 

t h e  i n d e n t e d  form o f  t h e  modif ied  JUXP s y n t a x  a p p l i e d  t o  t h e  d e c i s i o n  

t a b l e  shown i n  Table  2. 

[ I n s e r t  Table  5 about  h e r e ]  

'~ rhe the r  o r  n o t  t h e  acivantages o f  t h e  n e s t e d  l a n g u a g e s  o v e r  JL:;f 

w i t h  r e s p e c t  t o  t h e  t r a c i n g  and t axonon iz ing  t a s k s  would d i s a p p e a r ,  

giver1 t h e  i n d e n t e d  modi f i ed  form o f  JU;"., i s  a  r e s e a r c h  i s s u e .  We 

s u s p e c t  t h e y  would d e c r e a s e  b u t  n o t  d i s a p p e a r .  Even x i t h  t h e  i n d e n t e d  

modif ied  form o f  JU?ZP, i t  i s  s t i l l  i m p o s s i b l e  t o  choose  a  s e t  o f  

p r e d i c a t e  t r u t h - v a l u e s  t h a t  e n a b l e s  a  programmer t o  t r a c e  th rough  t h e  

p r o g r m  i n  a  sequence compr i s ing  p h y s i c a l l y  c o n t i g u o u s  i n s t r u c t i o n s .  

A. p h y s i c a l  "jump" is unavo idab le .  Thus, we s u s p e c t  t h e  i n d e n t e d  JL&F 

i s  s t i l l  more d i f f i c u l t  t o  m d e r s t a n 3 .  K e v e r t h e l e s s ,  a s  xe show 

l a t e r ,  f u r t h e r  m o d i f i c a t i o n s  t o  t h e  JUIP s y n t a x  e n a b l e  even more 

meaningful  i n d e n t a t i o n  t o  b e  e f f e c t e d  . Sf c o u r s e  t h e  r e s e a r c h  problem 

is t o  compare t h e  " b e s t "  JUEF s y n t a x  k i t h  t h e  " b e s t "  n e s t e d  s y n t a x .  

In  t h e  c u r r e n t  r e s e a r c h  w e  do  n 3 t  e v a l u a t e  t h e  e f f e c t s  o f  t h e  

inden ted  form o f  JUKF on perfor?r,cr.ce I n  t h e  t r a c i n g  and taxonomizing 

t a s k s .  A s  d i s c u s s e d  i n  t h e  prevloi ls  s q c t i o n ,  t h e  p r imary  f o c u s  o f  t h e  

r e s e a r c h  i s  t h e  sequenc ing  t a s k .  : , e v ~ r t h e l e s s ,  s i n c e  Zime , Green,  and 

Guest have argued t h a t  i n d e n t s t i o c  i s  a  m a j o r  f a c t o r  a f f e c t i n g  

programmer pe r fo rmance ,  we a t t e a ~ t  t o  c o n t r o l  t h i s  f a c t o r  by 

e v a l u a t i n g  b o t h  t h e  i n d e n t e d  and uniridented forms o f  t h e  l a n g u a g e s .  

Center for Digital Economy Research 
Stem School of Business 
IVorking Paper IS-82-74 



4. l a n g u a g e s  Tnves t iga ted  

I n l i g h t  o f o u r  arguments i n  t h e  p r e v i o u s  s e c t i o n ,  i n  t h i s  

r e s e a r c h  ve d i d  n o t  i n v e s t i g a t e  t h e  JUXF language  proposed by Zime, 

r 7  
Green,  and Ddsst -22 , .  i n s t e a d ,  we examined a  modif ied  v e r s i o n  o f  

ZUTIP, J?UI*;P-;~, which pe rmi t t ed  a n  u n c o n d i t i o n a l  GCTO s o  t h e  XC'P 

condition i n  a  d e c i s i o n  t r e e  could  be implemented e a s i l y .  The t h r e e  

n e s t e d  l a n g u a g e s ,  IiES'I, ::EST-ZT;, 2nd KEST-IKE, .Here essentially t h e  

some, a l t k o u g h  t h e r e  % e r e  some minor  m o d i f i c a t i o n s  made t h a t  we w i l l  

e x p l a i n  below. 

Tab le  7 shows t h e  inden ted  l anguage  implementa t ions  ( o f  t h e  

d e c i s i o n  t a b l e  shown i n  Table 6 )  t h a t  were i n v e s t i g a t e d  i n  t h i s  

r e s e a r c h .  To d i s t i n g u i s h  t h e  inden ted  forms from t h e  unlndented 

forms,  t h e  l a n g u a g e s  have been l a b e l e d  JL'XP-X-I, ;;EST-I, KEST-5E-I, 

and ;;EST-ZIIE-I. The m i n d e n t e d  forms o f  t h e  l a n g u a g e s  a r e  t h e  same, 

e x c e p t  t h s t  e a c h  new l i n e  s t a r t s  f l u s h  w i t h  a  common l e f t - h a n d  m a r g l c .  

[ i n s e r t  Tab les  6  and 7 about  h e r e ]  

Ccr is ider ,  f i r s t ,  JUKP-P:. T t  d i f f e r s  i n  f o u r  r e s p e c t s  from t h e  

o r i g i n a l  JUKP. F i r s t ,  n o t e  how a n  u n c o n d i t i o n a l  GGTC h a s  been u s e d  

f o r  each K T  b r a n c h  i n  t h e  d e c i s i o n  t r e e ;  f o r  example,  GCTO 14 f o r  

t h e  NOT b r a n c h  o f  " I F  j u i c y . "  Eecond, t h e  u n c o n d i t i o n a l  CCTC h a s  beer, 

used ,  a l s o ,  t o  b ranch  t o  t h e  end o f  t h e  l o g i c ,  which may b e  t h e  end o f  

t h e  progrnn o r  t h e  stbrt o f  a new s e t  o f  l o g i c .  Again,  we a rgue  t h i s  

modi f i ca t io r i  a a k e s  t h e  l anguage  more r e p r e s e n t a t i v e  o f  e x i s t i n g  

JUXP-style l anguages .  T h i r d ,  t h e  l a b e l s  used a r e  numeric r a t h e r  t h a ~  

a l ~ h a n u n e r i c  ( s u c h  a:: LI~), c o n s i s t e n t  w i t h  l a n g u a g e s  s u c h  a s  EAC,S;C 
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and FCETRXI:. F o u r t h ,  u n l i k e  ;UXI?, 2U:':F-:C c a n  b e  i n d e n t e d  e a s i l y .  

Eote  how a  n e s t e d  s t r u c t u r e  noc  e x i s t s  i n  t h e  l angunge ,  a l tkoug l ,  i t  

s t i l l  d o e s  n o t  seem 2s c l k a r - c u t  a s  t h e  s t r u c t u r e  e x i s t i n g  i n  tk&e 

o t h e r  t h r e e  l anguages .  N e v e r t h e l e s s ,  by u s i n g  an u n c o n d i t i o n a l  GGTC 

t o  b r a n c h  t o  t h e  end o f  l o g i c  ( e . g .  CGTG 1 7 ) ,  t h i s  lnciented form o f  

JULF s p p e 3 r s  t o  ~ r o v i d e  a  n e a t e r  (and a o r e  r e a l i s t i c )  n e s t e d  s t r u c t u r e  

t h a n  t h e  f l rs t  inden ted  v e r s i o n  o f  ;U;:P shohir, i n  Table  5 .  

C o n s i d e r ,  n e x t ,  t h e  n e s t e d  l anguages .  LEST-BE h a s  been z o d i f l e d  

by d e l e t i n g  ' from " IF-TI;E:I" i n  t h e  o r i g i n a l  s y n t a x .  KEST-1I;E 

h a s  been modif ied  by i n s e r t i n g  "TEEX" a f t e r  a n  I F - t e s t  i n  t h e  o r i g i n a l  

s y n t a x .  There a r e  two r e a s o n s  f o r  t h e s e  m o d i f i c a t i o n s .  F i r s t ,  a  

performance measure used i n  t h e  c u r r e n t  r e s e a r c h  i s  t i m e  t aken  t o  

perform t h e  sequenc ing  t a s k .  Presumably t i m e  t a k e n  w i l l  be a f f e c t e d  

by t h e  nuziber o f  words t h a t  have t o  be w r i t t e n  i n  t h e  program 

s o l u t i o n .  X i t h  t h e  above m o d i f i c a t i o n s ,  t h e  ;;EST-EC and LEST-I::E 

s o l u t i o n s  f o r  Table 6 each c o n t a i n  €7 x o r d s ;  t h u s ,  t iming  d i f f e r e n c e s  

between t h e s e  two l znguages  c a n  b e  a t t r i b u t e d  t o  o t h e r  f a c t o r s .  

Second, g i v e n  t h a t  a n  a c t i o n  o r  a r o t h e r  t e s t  i s  s i g n a l e d  by a  "EEGIX" 

i n  IjEET-BE, i n c l u d i n g  a  "TEE;<" i s  r e d u n d a n t .  I n  t h e  o r i g i n a l  s y n t a x  

o f  PEST-INE, however,  t h e r e  is no key-word ( s u c h  a s  TEE:;) t o  s i g n a i  

t h e  for thcoming a c t i o n  o r  f u r t h e r  t e s t .  

I iopefu l ly  t h e  above m o d i f i c a t i o n s  t o  t h e  n e s t e d  l anguages  do  n o t  

a f f e c t  t o o  much t h e  e x t e n t  t o  which o u r  r e s u l t s  c a n  b e  g e n e r a l i z e d  t o  

t h e  s y n t s x  used by Eime, Green,  and Guest .  We b e l i e v e  t h e  

m o d i f i c a t i o n s  t o  b e  minor .  The m o d i f i c a t i o n s  t o  t h e  JUDIP s y n t a x ,  

however,  a r e  more s e r i o u s .  C l e a r l y  i t  i s  a n  i m p o s s i b l e  r e s e a r c h  t a s k  
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t o  e v a l u a t e  t h e  performance consequences  o f  a l l  p o s s i b l e  s y n t a c t i c  

v a r i a t i o n s  t h a t  might b e  made t o  a  s i n g l e  programming language.  I f  

r e s e a r c h e r s  a r e  t o  e v a l u a t e  d i f f e r e n t  l a n g u a g e s ,  t h e y  w i l l  s a v e  

t h e m s e l v e s  s u b s t a n t i a l  work i f  t h e y  c a n  approach t h e  "optimum" s y n t a x  

f o r  a  p a r t i c u l a r  language a s  soon a s  p o s s i b l e .  

F i n a l l y ,  t h e r e  i s  one a s p e c t  o f  t h e  sequencing t a s k  t h a t  h a s  n o t  

been mentioned so  f a r  bu t  which Table  6 i l l u s t r a t e s ;  namely,  t h e  

p r o c e d u r e  t o  be  fo l lowed when a n  a c t i o n  i s  common t o  s e v e r a l  r u l e s  i n  

t h e  d e c i s i o n  t a b l e .  The p rocedure  Is s i m p l e .  A s  %able 6 shows, t h e  

programmer c i r c l e s  t h e  common a c t i o n  an5 t h e  conmon s e t  o f  c o n d i t i o n  

e n t r i e s  + h a t  invoke t h e  a c t i o n .  A s  soon a s  t h e  c o n d i t i o n  is t e s t e d  

and t h e  r e l e v a n t  e n t r i e s  h o l d ,  t h e  a c t i o n ( s )  is w r i t t e n  i n  t h e  

sequence  o f  code ( s e e  Table  7 ) .  Thus, t h e  a c t i o n  i s  t a k e n  

i r r e s p e c t i v e  o f  t h e  e n t r i e s  f o r  a l l  lower  l e v e l  t e s t s  w i t h i n  t h e  

b r a n c h  o f  t h e  d e c i s i o n  t r e e .  

5. Theory and Ilypotheses - 

T h i s  s e c t i o n  d e s c r i b e s  t h e  t h e o r y  t h a t  u n d e r l i e s  o u r  r e s e a r c h  and 

t h e  hypo theses  d e r i v e d  from t h e  t h e o r y  t h a t  we t e s t  e m p i r i c a l l y .  The 

t h e o r y  i s  i n  a  p r i m i t i v e  s t a t e ;  i t  r e p r e s e n t s  a  f i r s t  p a s s ,  a l t h o u g h  

i t  i s  based on t h e  e a r l i e r  work o f  Sime, Green,  and Guest .  We a t t e m ~ t  

t o  p r e d i c t  a p r i o r i  how t h e  f o u r  l a n g u a g e s ,  JWP-I<, IJEET, ?:EST-IiE, and - 
BEET-IGE, w i l l  a f f e c t  progranmer performance d u r i n g  t h e  sequenc ing  

( a n 5  hence t h e  coding)  t a s k .  We a t t e m p t  a l s o  t o  p r e d i c t  t h e  e f f e c t s  

o f  us ing  t h e  inden ted  v e r s u s  un inden ted  forms o f  t h e  f o u r  l a n g u a g e s .  

The scope o f  t h e  t h e o r y  i s  r e s t r i c t e d .  :,'e assume programmers s t a r t  
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w i t h  a  common program d e s i g n  and t h e y  know how t o  perform t h e  

sequenc ing  t a s k .  The t h e o r y  c o v e r s  performance up t o  t h e  p o i n t  where 

t h e  f i r s t  v e r s i o n  o f  t h e  code h a s  been w r i t t e n .  Ferformance i s  

a s s e s s e d  i n  terms o f  f i v e  c r i t e r i a :  t h e  t ime  taker,  t o  w r i t e  t h e  f i r s t  

v e r s i o n  of '  t h e  code ;  t h e  number o f  d i f f e r e n t  t y p e s  o f  s y n t a x  e r r o r s  

made; t h e  t o t a l  number o f  s y n t a x  e r r o r s  made; t h e  number o f  semant ic  

e r r o r s  made; and t h e  number o f  e r r o r - f r e e  programs p e r  s u b j e c t .  

5.1 Time Taken t o  Perform t h e  Sequeccing Task --- - - 

I n  t h i s  r e s e a r c h  t h e  t ime  t a k e n  t o  perform t h e  sequenc ing  t a s k  i s  

t h e  e l a p s e d  t ime between s u b j e c t s  b e i n g   resented w i t h  a  d e c i s i o n  

t a b l e  and t h e i r  comple t ing  a  coded s o l u t i o n  f o r  t h e  d e c i s i o n  t a b l e .  

It compr i ses  t h e  t ime  t o  c o n s t r u c t  t h e  d e c i s i o n  t r e e  and t o  c o n v e r t  

t h e  t r e e  t o  code.  For r e a s o n s  t h a t  w i l l  be  e x p l a i n e d  l a t e r ,  s u b j e c t s  

d i d  n o t  check t h e i r  s o l u t i o n ;  t h u s ,  t h e  t ime  t aken  e n d s  a f t e r  t h e  

f i r s t  p a s s  et w r i t i n g  a  coded s o l u t i o n .  

5.1.1 Unicdented Language Form - 

We p o s t u l a t e  t h a t  t h r e e  f a c t o r s  p r i m a r i l y  a f f e c t  t h e  t i m e  t a k e n  

t o  perform t h e  sequenc ing  t a s k .  The f i r s t  f a c t o r  is t h e  n m b e r  o f  

words t h a t  must b e  w r i t t e n  f o r  each  s o l u t i o n .  Given t h e  s y n t a x  o f  t h e  

f o u r  l a n g u a g e s ,  JUI":P a lways  e x c e e d s  REST-BE and KEST-IKE, which have 

e q u a l  word c o u n t s ,  and t h e s e  two l a n g u a g e s  a lways  exceed EEZT. 

The second f a c t o r  i s  whether  o r  n o t  t h e  l anguage  s j n t e x  p e r m i t s  

u s e r s  t o  proceed s t r a i g h t  down a  b ranch  o r  whether i t  f o r c e s  them t o  

jump t o  an  a l t e r n a t e  b r a n c h  b e f o r e  p roceed ing .  To i l l u s t r a t e  t h i s  
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p o i n t ,  c o n s i d e r  t h e  JUI":P-?C s o l u t i o n  i n  Table  7.  '=he f i r s t  i n s t r u c t i o n  

t e s t s  t h e  t r u t h - v a l u e  o f  " j u i c y " .  I f  " t r u e "  e x i s t s ,  t h e  l e f t  b rcnch  

o f  t h e  d e c i s i o n  t r e e  i s  t a k e n .  . ie n e x t  i n s t r u c t i o n ,  however,  i s  n o t  

f o r  t h e  l e f t  b ranch .  i t  i s  f o r  t h e  r i g h t  b ranch  -- t h e  " f a l s e "  

t r u t h - v a l u e  . ! b u s ,  t h e  Frogrammer must f l i p  b r a n c h e s  b e f o r e  

p roceed ing  down t h e  l e f t  b ranch .  Ue p o s t u l a t e  t h i s  m e n t a l  o p e r a t i o n  

s l o x s  t h e  sequencing t a s k .  Kone o f  t h e  n e s t e d  l anguages  s u f f e r  t h i s  

problem. 

The t h i r d  f a c t o r  i s  t h e  c o g c i t i v e  complex i ty  o f  t h e  g rammat ica l  

s t r u c t u r a l  u n i t  used t o  r e p r e s e n t  t h e  " t r u e " a n d  " f a l s e "  b ranches  o f  

t h e  d e c i s i o n  t r e e .  Here we p o s t u i a t e  ZZST-EE and NEST-IEE t o  b e  more 

complex than  JUKF-1); and KEST. %e complex i ty  a r i s e s  because  i n  b o t h  

l a n g u a g e s  each  b ranch  o f  t h e  t r e e  must b e  t e r m i n a t e d  w i t h  a n  6SC. A s  

t h e  number o f  l e v e l s  o f  n e s t i n g  i n c r e a s e s ,  remembering t h e  EKE i s  

needed t o  t e r m i n a t e  e a c h  b r a n c h  r e q u l r e s  e x t r a  menta l  o p e r a t i o n s  and 

slows t h e  sequenc ing  t a s k .  For  example,  i n  t h e  EST-EZ s o l u t i o n  t o  

Table 6 ,  t h e r e  is  s t endency  t o  f o r g e t  t h e  second 2 needed t o  

t e r m i n a t e  t h e  l e f t m o s t  b r a n c h  o f  t h e  d e c i s i o n  t r e e  a f t e r  t h e  "chop" 

a c t i o n  i s  t aken  and t e r m i n a t e d  by CXC. I:ES!?-II+E s u f f e r s  a s i m i l a r  

problem, a l t h o u g h  i t  i s  n o t  a s  s e r i o u s  s i n c e  t h e  redun3an t  p r e d i c a t e  

a s s o c i a t e d  w i t h  each  EEC a c t s  a s  I Renory c u e .  I n  1 and E S T ,  

t h e  programmer d o e s  n o t  have t o  ~ u r ~ o s e f u l l y  t e r m i n a t e  t h e  b r a n c h .  In  

JUMP-K t h e  b ranch  t e r m i n a t e s  when new IF o r  COTG is  e n c o u n t e r e d ;  i n  

TIEST i t  t e r m i n a t e s  when a new I F  o r  3YESRKISE i s  e n c o u n t e r e d .  
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We p o s t u l a t e  t h a t  t h e  complex i ty  o f  t h e  l anguage  s t r u c t u r a l  m i t  

i s  t h e  pr imary f a c t o r  a f f e c t i n g  t ime t a k e n  i n  t h e  sequenc ing  t a s k  

s i n c e  i t  imposes t h e  most onerous  menta l  o p e r a t i o n s .  Thus, i n  t e rms  

o f  t i m e  t a k e n ,  TiEST-EE w i l l  exceed ?;EST-ISE which,  i n  t u r n ,  w i l l  

exceed JUI;F-;<A snd i'iEZT. Fur the rmore ,  ZUKF-1.; w i l l  exceed KEST because  

i t  r e q u i r e s  more words t o  be  coded,  b u t  more i m p o r t a n t l y  because  i t  

d o e s  n o t  a l l o w  cod ing  t o  occur  by p roceed ing  s t r a i g h t  down e branch .  

This  a n a l y s i s  l e a d =  t o  t h e  f o l l o w i n g  h y p o t h e s i s :  

where: ' BT 
= a v e r a g e  t ime  t aken  f o r  KEST-EE 

!J IT 
= a v e r a g e  t ime  t aken  f o r  KEGT-INE 

'JT 
= a v e r a g e  t ime  t aken  f o r  2UF.P-Hi 

i.l NT = a v e r a g e  t ime  t aken  f o r  NEST 

5.1.2 Inden ted  Language Form - 

I n d e n t i n g  is an e x t r a  o p e r a t i o n  t h s t  must b e  performed i n  t k e  

sequencing t a s k .  When i s  i n d e n t a t i o n  u s e f u l ?  Xe p o s t u l a t e  t h ? t  

i n d e n t a t i o n  i s  u s e f u l  when t h e  s p a t i a l  p a t t e r n  provided by i n d e n t a t i o c  

s i g n a l s  t o  t h e  programmer t h a t  some sequenc ing  o p e r a t i o n  is needed 

which o t h e r w i s e  would be  o b s c u r e .  R e c a l l  t h s t  i n  t h e  p r e v i o u s  s e c t i o n  

we argued t h e  need f o r  a n  ES2 was somet imes  a n  o b s c u r e  a s p e c t  o f  

coding i n  NEST-BE and !;EST-INC. Thus, we p r e d i c t  t h a t  i n d e n t a t i o r .  

w i l l  f a c i l i t a t e  t h e  sequenc ing  t a s k  i n  t h e s e  two l a n g u a g e s .  For  

2UB.E-I': snd ?:EST, however,  we p r e d i c t  t h a t  i n d e n t a t i o n  w i l l  i n h i b i t  

r a t h e r  than  f a c i l i t a t e  t h e  sequenc ing  t a s k .  The problems a s s o c i a t e d  

wi th  us ing  t h e  153 t e r m i n a t i o n  do n o t  e x i s t  i n  t h e s e  l a n g u a g e s ;  t h u s ,  

use  o f  i n d e n t a t i o n  c o n s t i t u t e s  a n  overhead .  T h i s  a n a l y s i s  l e a d s  t o  
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t h e  f o l l o w i n g  hypo t h e s e s  : 

% 
Ii2 ( b ) :  ,IT > P I T  

32 ( d ) :  2, > 
i-I NT i-I NT 

where t h e  t e rms  have t h e  u s u a l  meaning and t h e  t i l d e  s i g n i f i e s  t h e  

mean f o r  t h e  inden ted  language form. 

5 .2  ?;umber o f  Types o f  Syntax E r r o r s  --- 

The number o f  t y p e s  o f  s y n t a x  e r r o r s  i s  measured s imply  by a  

coun t  o f  t h e  d i f f e r e n t  forms o f  s y n t a x  e r r o r  t h a t  e x i s t  i n  t h e  code  

produced.  ?do f a c t o r s  a f f e c t  t h i s  v a r i a b l e :  ( 2 )  t h e  number o f  

p o s s i b l e  e r r o r  t y p e s  t h a t  c a n  b e  made, g i v e n  t h e  s y n t a x  o f  t h e  

l a n g u a g e ;  an3 ( b )  t h e  p r o b a b i l i t y  o f  e a c h  type  o f  s y n t a x  e r r o r  b e i n g  

made. It i s  i m p o r t a n t  t o  r e c o g ~ i z e  t h a t  t h i s  measure  is an expected. 

v a l u e .  3ne lhnguage may have more s y n t a c t i c  r u l e s  t h a t  c a c  b e  b roken  

t h a n  a n o t h e r  l anguage ,  b u t  i f  t h e  p r o b a b i l i t y  o f  e a c h  r u l e  i n  t h e  

former l anguage  b e i n g  v i o l a t e d  is  s m a l l ,  f e w e r  t y p e s  o f  s y n t a x  e r r o r  

may be  made u s i n g  i t  compared w i t h  t h e  l a t t e r  l anguage .  

We do  n o t  a t t e m p t  a  r i g o r o u s  a n a l y s i s  o f  why c e r t a i n  t y p e s  o f  

s y n t a x  e r r o r s  a r e  more p r e v a l e n t  t h a n  o t h e r s .  T h i s  would r e q u i r e  an  

e x h a u s t i v e  l i s t i n g  o f  a l l  t y p e s  o f  s y n t a x  e r r o r  t h a t  cou ld  be made 

wi th  a  l a n g u a g e  arid development o f  a  p s y c h o l o g i c a l  t h e o r y  t h a t  would 

predic" ,  t h e  e r r o r  pror,eness o f  e a c h  s y n t a c t i c  r u l e .  While l i n g u i s t i c s  

r e s e a r c h  h a s  made s u b s t a n t i a l  p r o g r e s s  i n  t h i s  a r e a  i n  t e rms  o f  

n a t u r a l  l anguage ,  developments  i n  t e r m s  o f  a r t i f i c i a l  l anguages  kave  
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been s low i n  for thcoming.  ?.:oreover, t h e r e  a r e  few e m p i r i c a l  s t u d i e s  

o f  programming l anguages  t h a t  ~ r o v i d e  t h e  d a t a  t o  t e s t  a  t h e o r y  o r  t h e  

b a s i s  upon which a  t h e o r y  might b e  c o n s t r u c t e d  ( s e e ,  e  .g . ,  [ I  2 ,141) .  

Thus,  t h e  a n a l y s i s  b e l o x  i s  founded upon o u r  i n t u i t i o n  and e x p e r i e n c e .  

5.2.1 Unindected Language Form - 

%e ~ o s t z l a t e  t h a t  t h e  n m b e r  o f  t y p e s  o f  s y n t a c t i c  e r r o r  made 

when u s i n g  a l anguage  i s  p r i m a r i l y  a  f u n c t i o n  o f  t h e  complex i ty  o f  t h e  

s y n t a x  o f  t h e  b a s i c  s t r u c t u r a l  %unit i n  t h e  l anguage .  PiEST-BE h a s  t h e  

most complex s t r u c t u r e :  

BEGIG EKE - 
ELSE 

Compared w i t h  t h e  o t h e r  l a n g u a g e s ,  t h e r e  i s  more scope ( d e g r e e s  o f  

freedom) f o r  f o r g e t t i n g  a  BEGIN, ETiD, o r  ELSE, p a r t i c u l a r l y  when 

s e v e r a l  l e v e l s  o f  n e s t i n g  e x i s t  o r  t h e  Er3T b r a n c h  o f  a d e c i s i o n  t r e e  

i s  b e i n g  coded. 

KEZY h a s  t h e  s i m p l e s t  s t r u c t u r e :  

OTHEaW ISE - 

I n d e e d ,  no s y n t a c t i c  a s p e c t s  o f  t h i s  s t r u c t u r e  seem e s p e c i a l l y  

e r r o r - p o n e  . 

For b o t h  JUKP-K hnd I;EST-iIIE, o n l y  one  t y p e  o f  s y n t a x  e r r o r  seems 

l i k e l y .  Die s t r u c t u r e  o f  ;U!<F-E i s :  
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- ( t r u e  b ranch)  

- ( f a 1  s e  branch)  

We p r e d i c t  t h a t  t h e  most l i k e l y  e r r o r  w i l l  be  f o r g e t t i n g  a  l a b e l  on 

t h e  t r u e  o r  f a l s e  b ranch  s t a t e m e n t .  

The s t r u c t u r e  o f  KEST-IXE i s :  

NOT - 

'i;e p r e d i c t  t h a t  t h e  most l i k e l y  e r r o r  w i l l  be f o r g e t t i n g  an Efu'D, 

a g a i n ,  e s p e c i a l l y  when s e v e r 6 1  l e v e l s  o f  n e s t i n g  e x i s t  o r  t h e  KGT 

b r a n c h  i n  a  d e c i s i o n  t r e e  i s  b e i n g  coded.  

Th i s  a n a l y s i s  l e a d s  t o  t h e  f o l l o w i n g  hypo t h e s i s :  

where : = a v e r a g e  number o f  t y p e s  o f  s y n t a x  e r r o r  f o r  KZST-EE ' BS 
= a v e r a g e  cumber o f  t y p e s  o f  s y n t a x  e r r o r  f o r  ZEST-IKE ' IS 
= a v e r a g e  number o f  t y p e s  o f  s y n t a x  e r r o r  f o r  JUli:F-;pi ' JS 
= a v e r a g e  number o f  t y p e s  o f  s y n t a x  e r r o r  f o r  IiES':' ' NS 

5.2 .2  Indented h n g u a g e  Form - 

I n d e n t a t i o n  i n c r e a s e s  t h e  scope  f o r  a  s y n t a x  e r r o r  i n  tha: 

i r d e n t a t i o n  might b e  f o r g o t t e n ,  t h e  wrong l e v e l s  o f  i n d e n t a t i o n  may b e  

used o r  matched,  e t c .  We p o s t u l a t e  t h a t  i n d e n t a t i o n  w i l l  r educe  t h e  

number o f  t y ~ e s  o f  s y n t a x  e r r o r  msde, o n l y  i f  i t  c o u n t e r a c t s  t h e  

tendency t o  a e k e  an e r r o r  type  i n  t h e  u ~ i n d e n t e d  form o f  t h e  l a n g u a g e .  
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Given t h a t  we have argued few a s p e c t s ,  i f  a n y ,  o f  t h e  ?,EST sjm:ax 

a r e  e r r o r - p r o n e ,  we p r e d i c t  t h a t  i n d e n t a t i o n  w i l l  i n c r e a s e  t h e  number 

o f  e r r o r  t y p e s  made. Cn t h e  o t h e r  hand we ~ r e d i c t  t h a t  i n d e n t a t i o n  

w i l l  reduce t h e  number o f  t y p e s  o f  s y n t a x  e r r o r  made i n  IXCT-BE and 

IRFT-i l lE ,  i n  t h a t  t h e r e  i s  l e s s  l i k e l i h o o d  o f  a  EECIIi,  ELSE,  o r  E X  

b e i n g  f o r g o t t e n .  The redundan t  s t r u c t u r e  provided by i n d e n t a t i o n  a c t s  

a s  a  cue  t o  remind t h e  programmer o f  t h e  key-words needed.  

P r e d i c t i n g  t h e  e f f e c t s  o f  i n d e n t a t i o n  on JUI:P-]~*I i s  more 

d i f f i c u l t .  Ke have argued p r e v i o u s l y  t h a t  f o r g e t t i n g  a  l i n e  l a b e l  i s  

t h e  most l i k e l y  type  o f  e r r o r .  K i l l  i n d e n t a t i o n  h e l p  t h e  programmer 

t o  remember a  l a b e l  is  needed? We do n o t  s e e  how. Indeed ,  

i n d e n t a t i o n  seems p rob lemat ic  i n  any  l anguage  where a s t r a i g h t f o r w a r d  

l i n e e r  f low o f  l o g i c  c a n n o t  b e  e s t a b l i s h e d  v i a  e a c h  s e q u e n t i a l  

i n s t r u c  t i o n .  To i l l u s t r a t e  t h i s  p o i n t ,  c o n s i d e r  t h e  J-WIP-X-1 s y n t a x  

ic Table  7. The f i r s t  l e v e l  o f  n e s t i n g ,  which s t a r t s  a t  l i n e  l a b e l  1 ,  

a ~ p l i e s  n o t  t o  i n s t r u c t i o n  2 b u t  t o  i n s t r u c t i o n  1 .  S i m i l a r l y ,  t h e  

l e v e l  o f  n e s t i n g  t h a t  s t a r t s  a t  l i n e  l a b e l  14  t l p 2 l i e s  t o  i n s t r u c t i o n  

2. I n  o t h e r  words,  a  l e v e l  o f  n e s t i n g  d o e s  n o t  immedia te ly  f o l l o w  t h e  

m o t i v a t i n g  i n s t r u c t i o n ;  o t h e r  i n s t r u c t i o n s  i n t r u d e  i n  t h e  mesntime. 

We p r e d i c t  t h a t  t h i s  i n t e r f e r e n c e  mbkes c o r r e c t  i n d e n t a t i o n  somewhat 

d i f f i c u l t  i n  SLiriiF-H-I. 

This a n a l y s i s  l e a d s  t o  t h e  f o l i c j i i n g  h y p o t h e s e s :  

'L 
ii4 ( a ) :  ugS > 'BS 

'L 

H4 (b): uIS > 'IS 
'L 

I14 (c): pJs > 'JS 

QJ 

t i 4  ( d ) :  u > 1~.  
NS NS 
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x h e r e  t h e  t e r m s  acd t h e  t i l d e  have t h e  u s u a l  meaning. 

5.5 Kumber o f  Syntax E r r o r s  - 

The cumber o f  s y n t a x  e r r o r s  i s  measured by c o u n t i n g  t h e  t o t a l  

number o f  s y n t a x  e r r o r s  made i n  t h e  code produced,  i r r e s p e c t i v e  o f  

e r r o r  type .  Presumably t h i s  measure i s  c o r r e l a t e d  w i t h  t h e  number o f  

t;ypes o f  s y n t a x  e r r o r  made. X e v e r t k e l e s s ,  t h e  number o f  t y p e s  o f  

syn tax  e r r o r  msde may b e  s m e l l  i n  a  l anguage  b u t  a  p a r t i c u l a r  type  may 

be  e s p e c i a l l y  e r r o r  prone so  t h e  number o f  s p t a x  e r r o r s  made is h i g h .  

Again ,  i n  t h e  absence  o f  a  r e f i n e d  p s y c h o l o g i c a l  t h e o r y  o f  

programming l h n g u a g e s ,  o u r  a n a l y s i s  below i s  i n  a  p r i m i t i v e  s t a t e .  ;t 

~ r i m a r i l y  r e f l e c t s  o u r  i n t u i t i o n  and e x p e r i e n c e .  

5. ;. 1 .  Unindented Language Form 

Given t h e  s i m p l e  s t r u c t u r e  o f  t h e  f o u r  mic ro - languages  

i n v e s t i g a t e d ,  o u r  p r e d i c t i o n s  wi th  r e s p e c t  t o  t h e  number o f  s y n t s x  

e r r o r s  made a r e  t h e  same a s  o u r  p r e d i c t i o n s  f o r  t h e  number o f  t y p e s  o f  

syn tax  e r r o r s  made. Aggain, we p o s t u l a t e  t h s t  ?;EST-8E h a s  t h e  most 

c o m ~ l e x  s t r u c t u r e ,  a n d ,  as  a  consequence,  t h e  g r e a t e s t  number o f  

s y n t a x  e r r o r s  w i l l  b e  made w i t h  t h i s  l a c g u s g e .  The s i m p l e  s t r u c t u r e  

o f  NEST l e a d s  t o  t h e  p r e d i c t i o n  t h a t  few s y n t a x  e r r o r s  w i l l  be  me2e. 

r-vor- , I and JUXP-B a r e  t h e  i n t e r m e 2 i a t e  c a s e s ;  we p r e d i c t  some 

e r r o r s  w i l l  be made i n  t e rms  o f  a  m i s s i n g  EIL'E o r  a m i s s i n g  l a b e l  

r z s p e c  t i v e l  y. 
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T h i s  a n a l y s i s  l e a e s  t o  t h e  fo l lowing  hypo t h e s i s  : 

135: i - L B N  > P I N  = ' j N  > F . l N N  

where: P B N  = average  number o f  s y n t s x  e r r o r s  f o r  KEST-BE 

P I N  = average  number o f  s y n t a x  e r r o r s  f o r  :;CST-ICC 

- ' J N  
= average  number o f  s y n t a x  e r r o r s  f o r  JL%F-IL 

lr N N  
= a v e r a g e  number o f  s y n t a x  e r r o r s  f o r  KECT 

5 .3 .2 .  Inden ted  h n g u s g e  Form - 

Z i m i l a r l y ,  o u r  p r e d i c t i o n s  f o r  t h e  i n d e n t e d  f o m  o f  t h e  l anguage  

a r e  t h e  s a a e  a s  t h o s e  f o r  t h e  number o f  t y p e s  o f  s y n t a x  e r r o r  measure:  

i n d e n t a t i o n  w i l l  f a c i i i t a t e  use  o f  I;EST-BE and NECT-1I;C b u t  i n h i b i t  

USP o f  JU:d;P-i< and KC,';. i;er,ce, we propose:  

where t h e  t e r n s  and t h e  t i l d e  have t h e  u s u a l  meening.  

5.4 Bunker o f  Semantic E r r o r s  - 

Given t h a t  programners  a r e  p r e s e n t e d  w i t h  a n  n c c u r a t e  an3  

complete  program d e s i g n  ( d e c i s i o n  t a b l e )  , s e m a n t i c  e r r o r s  a r e  tkLose 

e r r o r s  made d u r i n g  t h e  c o n s t r u c t i o n  of t h e  d e c i s i o n  t r e e  o r  t h e  f i r s t  

p a s s  o f  t h e  cod ing  t a s ~  t h s t  vould c a u s e  i n c o r r e c t  l o g i c  t o  b e  

execu ted .  
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5.4.1 Enindented Language Form 

We p o s t u l a t e  t h a t  two f a c t o r s  p r i m a r i l y  a f f e c t  t k e  number o f  

s e m a n t i c  e r r o r s  made us ing  t h e  micro- languages .  The f i r s t  f a c t o r  is  

whether  o r  c o t  t h e  language s y n t a x  p e r m i t s  u s e r s  t o  proceed s t r a i g h t  

down a b ranch  i n  t h e  d e c i s i o n  t r e e  o r  whether  i t  f o r c e s  them t o  j m ~  

t o  a n  a l t e r n s t e  b ranch  b e f o r e  p roceed ing .  Th i s  f a c t o r  h a s  been 

d i s c u s s e d  a l r e a d y .  i n  e s s e n c e  we a r g u e  t h a t  " jumpirLg branches"  i s  a  

c o g n i t i v e l y  complex p r o c e s s  t h a t  i s  b o t h  s p t a c  t i c a l l y  and 

s e m a n t i c a l l y  e r r o r  prone.  

The second f a c t o r  i s  t h e  e r r o r  p roneness  o f  t h e  l anguage  w i t h  

r e s p e c t  t o  s y n t a x .  To t h e  e x t e n t  t h a t  u s e r s  have t o  c o n c e n t r a t e  more 

t o  p r e v e n t  s y n t a x  e r r o r s ,  t h e y  a r e  more l i k e l y  t o  make semant ic  

e r r o r s .  

With r e s p e c t  t o  t h e  f i r s t  f a c t o r ,  JUIIF-I.: i s  a t  a  d i s a d v a n t a g e  

r e l a t i v e  t o  t h e  n e s t e d  l anguages .  With r e s p e c t  t o  t h e  second f a c k o r ,  

we htive argued a l r e a d y  t h a t  NEST w i l l  o u t ~ e r f o r m  I;ESI-iI;I: and JUEP-!,I, 

which w i l l  i n  t u r n  ou tpe r fo rm KEST-EE. We p o s t u l a t e  t h a t  t h e  f i r s t  

f a c t o r  h a s  t h a  m a j o r  i n f l u e n c e  on t h e  nunber  o f  semant ic  e r r o r s  made. 

This  a n a l y s i s  l e a d s  t o  t h e  f o l l o w i n g  h y p o t h e s i s :  

H7 : pJM > p B M >  V I M >  p N M  

where : = a v e r a g e  number o f  s e m a n t i c  e r r o r s  f o r  JULP-li 
?'JM 

= a v e r a g e  number o f  s e m s n t i c  e r r o r s  f o r  ?!EST-BE 
BM 

I M  
= a v e r a g e  number o f  s e m a n t i c  e r r o r s  f o r  iU'ES'T-IZE 

= a v e r a g e  number o f  s e m a n t i c  e r r o r s  f o r  FEST ' NM 
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5.4.2 Inden ted  Language Forin - 

S i n c e  i n d e n t a t i o n  d o e s  n o t  3 f f e c t  t h e  f i r s t  f a c t o r  t h a t  ue 

p r e d i c t  w i l l  a f f e c t  t h e  number o f  semant ic  e r r o r s ,  ue p o s t u l o t e  t h a t  

ar,y e f f e c t s  w i l l  occur  through t h e  secoxd f a c t o r .  Zince we have 

argued ~ r e v i o u s l y  t h a t  i n d e n t a t i o n  f a c i l i t a t e s  cod ing  i n  IiEEY-BE and 

r;lf.ST-IbE b u t  i n h i b i t s  cod ing  i n  JUILP-I: and XECT, t h i s  l e a d s  t o  t h e  

f o l i o w i n g  hypo t h e s i s  : 

'L 
I (  : v N M  > P N M  

where t h e  terms and t h e  t i l d e  have t h e  u s u a l  meaning.  

5.5 Number o f  Lr ro r -Free  Programs - 

T h i s  v a r i a b l e  measures  t h e  n m b e r  o f  t i m e s  t h a t  code  i s  f r e e  o f  

s y n t a c t i c  o r  semant ic  e r r o r s  a f t e r  t h e  f i r s t  p a s s  o f  t h e  s2quencing 

t a s k  a c r o s s  s e v e r a l  programming problems.  C l e a r l y  i t  i s  c o r r e l a t e d  

w i t h  t h e  v a r i a b l e s  t h a t  measure  t h e  number o f  s y n t a x  e r r o r s  s a d  t h e  

nlmber o f  se inant ic  e r r o r s  t h a t  a r e  l i k e l y  t o  o c c u r .  R e v e r t h e l e s s ,  t h e  

r e l a t i o n s h i p  i s  n o t  p e r f e c t ;  t h e  p r o b a b i l i t y  o f  a t  l e a s t  o n e  

s y n t a c t i c  o r  semant ic  e r r o r  o c c u r r i n g  may b e  somevhat u n r e l a t e d  t o  t h e  

t o t a l  number o f  s y n t a c t i c  o r  semant ic  e r r o r s  made. 
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5.5.1 Unindented Language Form - 

The a n a l y s i s  u n d e r l y i n g  t h e  v a r i a b l e s  t h a t  measure t h e  number o f  

s y n t a c t i c  e r r o r s  and t h e  nuqber  o f  semant ic  e r r o r s  i s  r e l e v a n t  h e r e .  

Given t h e  r o t e  n a t u r e  o f  t h e  sequenc ing  t a s k ,  l ie ~ o s t u l a t e  t h a t  

syntactic e r r o r s  s r e  more l i k e l y  t o  occur  than  semant ic  e r r o r s .  ;n 

l i g h t  o f  hypo theses  5  and 7, t h e r e f o r e ,  we propose t h e  f o l l o w i n g :  

where : = a v e r a g e  number o f  e r r o r - f r e e  Frograms f o r  ICES'; ' NF 
= a v e r a g e  n m b e r  o f  e r r o r - f r e e  pr0grar.s f o r  :vCST-'"-' i i v l j  ' IF 
= a v e r a g e  number o f  e r r o r - f r e e  programs f o r  JWP 

'JF 
= a v e r a g e  number o f  e r r o r - f r e e  programs f o r  i;EST-3E ' BF 

5.5.2. Indented Language Form - 

Again,  o u r  a n a l y s i s  o f  t h e  e f f e c t s  o f  i n d e n t a t i o n  on t h e  nuixber 

o f  e r r o r - f r e e  programs f o l l o w s  from our  a n a l y s i s  o f  t h e  e f f e c t s  o f  

i n d e n t a t i o n  on t h e  number o f  s y n t a x  e r r o r s  and t h e  number o f  s e m a n t i c  

e r r o r s :  i n d e n t a t i o n  w i l l  f a c i l i t a t e  use  o f  EXST-EE and EEST-INE and 

i n h i b i t  use o f  JUXF-M and !:EST. Th i s  a n a l y s i s  l e a d s  t o  t h e  f o i l o w i n g  

hypo t h e s e s  : 

where t h e  terms and t h e  t i l d e  have t h e  u s u a l  meaning. 
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6. Resea rch  Kefhodology 

To t e s t  t h e  hypo theses  d e s c r i b e d  ir, t h e  p r e v i o u s  s e c t i o n ,  a  

l a b o r a t o r y  exper iment  was conducted.  The e x p e r i m e n t a l  d e s i g n  used was 

a  n i x e d  d e s i g n  i n v o l v i n g  two f a c t o r s  and a  r e p e a t e d  measure .  The t;io 

be tween-sub jec t s  f a c t o r s  were type  o f  l anguage  used and i n d e n t a t i o n .  

The fo rmer  was measured a t  f o u r  l e v e l s ,  ebch l e v e l  r e p r e s e n t i n g  oce o f  

t h e  f o u r  mic ro - languages .  The l a t t e r  was measured a t  two l e v e l s :  

i n d e n t e d  o r  unir idented.  The w i t h i n - s u b j e c t s  v s r i a b l e  w s s  measured a t  

t h r e e  l e v e l s ,  e a c h  l e v e l  r e p r e s e ~ t i n g  one o f  t h r e e  c o n s e c u t i v e  t r i a l s  

a  t t h e  e x p e r i m e n t a l  t a s k .  

6.1 S u b j e c t s  

S u b j e c t s  i n  t h e  exper iment  were v o l u n t e e r s  from a  f i r s t - y e a r  

undergradua te  i n t r o d u c t o r y  a c c o u n t i n g  c l a s s .  The r u l e s  f o r  h m a n  

e x p e r l m s n t a t i o n  i n  o u r  u n i v e r s i t y  p r o h i b i t  us from having s t u d e n t s  e z t  

a s  e x p e r i m e n t a l  s u b j e c t s  a s  a  compulsory p a r t  o f  t h e i r  d e g r e e .  Thus, 

r e s e a r c h e r s  have no c o n t r o l  o v e r  s u b j e c t  s e l e c t i o n ,  and t h e  u s u ~ l  

t h r e a t s  t o  e x t e r n a l  v a l i d i t y  a p p l y  ( s e e  [ 3 ] ) .  K e v e r t h e l e s s ,  s t u d e n t s  

who p a r t i c i p a t e  i n  exper iments  a r e  m o t i v a t e d  t o  under take  t h o  

exper iment ,  s o  t he  l i m i t a t i o n s  o f  compulsory p a r t i c i p a t i o n  t end  n o t  t o  

e x i s t .  

There were two r e q u i r e m e n t s  f o r  s t u d e n t s  p a r t i c i p a t i n g  i n  t h e  

exper iment  : f i r s t ,  t h e y  had t o  b e  a v a i l a b l e  f o r  t h r e e  h o u r s  

c o n t i n u o u s l y ;  s e c o n d ,  t h e y  had t o  have l i t t l e  o r  no programming 

e x p e r i e n c e .  With r e s p e c t  t o  t h i s  l a t t e r  r e q u i r e m e n t ,  iie dec ided  t o  

run t k e  exper iment  w i t h  i n e x p e r i e n c e d  s u b j e c t s  b e c a u s e  we d i d  n o t  v a c t  
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t h e  r e s u l t s  t o  b e  confounded by a  s u b j e c t ' s  e x p e r i e n c e  wi t i t  a  

p a r t i c u l a r  language.  T r a i n i n g  requ i rements  f o r  t h e  micro- languages  

a r e  n o t  s e v e r e l y  o n e r o u s ,  and so  h*e opted f o r  inexper ienced  s u b j e c t s .  

E i g h t  t lme  s l o t s  i n i t i a l l y  were made a v a i l a b l e  d u r i n g  uh ich  

v o l u n t e e r s  could  under take  t h e  exper iment .  They were asked t o  

i n d i c a t e  t h e i r  f i r s t  t h r e e  p r e f e r e n c e s .  An a t t e m p t  was made t o  

b a l a n c e  t h e  g roups  i n  t e r n s  o f  numbers. L2e e i g h t  s l o t s  proved 

i n s u f f i c i e n t ;  cor.sequently,  a  f u r t h e r  f i v e  t ime  s l o t s  were made 

a v a i l a b l e .  in a t t e m p t  was then  xade  t o  b a l a n c e  t h e  g r o u p s  i n  teLms o f  

sex  r a t i o  and t h e  r h t i o  o f  f u l l - t i m e  t o  p a r t - t i m e  s t u d e n t s .  

U n f o r t u n a t e l y ,  t h e s e  a t t e m p t s  t o  b a l a n c e  t h e  g roups  proved 

u n s u c c e s s f u l .  Eecause o f  t h e  th ree -hour  t ime  r e q u i r e m e n t ,  p a r t - t i m e  

s t u d e n t s  cou ld  ~ ~ r t i c i p a t e  p r i m a r i l y  o n l y  on e v e n i n g s  ar-3 weekends. 

- F ~ l l - t i m e  s t u d e n t s  were l o a t h e  t o  p a r t i c i p a t e  a t  t h e s e  t i m e s .  ,he 

t r e a t m e n t s  were a l l o c a t e d  randomly t o  t h e  f i r s t  e i g h t  t ime  s l o t s ;  

t h e n ,  depending on s u b j e c t  numbers i n  t h e  r e s p e c t i v e  g r o u p s ,  t h o  

remain ing  f i v e  t ime  s l o t s  were a l l o c a t e d  t o  t h e  t r e a t m e n t s .  Th i s  

r e s u l t e d  i n  JUXP-M-I b e i n g  a l l o c a t e d  t h r e e  t i m e  ~10';s and HE,?-iNL-I, 

SEST-EL, and ?;EST e a c h  b e i n g  a l l o c a t e d  two t ime  s l o t s .  Gxi o u r  f i r s t  

a t t e m p t  t o  s o l i c i t  s t u d e n t s ,  we o b t a i n e d  55 v o l u n t e e r s  o u t  o f  a  c l a s s  

s i z e  o f  600. Two more a t t e m p t s  t o  o b t a i n  f u r t h e r  v o l u n t e e r s  from t h e  

c l a s s  f a i l e d .  
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Fage 5 2  

5.2 R a t e r i a l s  

T h r e e  s e t s  o f  m a t e r i a l s  were developed f o r  t h e  exper iment .  The 

f i r s t  s e t  comprised t r a i n i n g  e x e r c i s e s  t h a t  were used t o  t e a c h  

s u b j e c t s  how t o  w r i t e  code us ing  e i t h e r  t h e  i n d e n t e d  o r  the  unindented 

form of s p a r t i c u l a r  language.  'i'he m a t e r i a l s  f o r  e s c h  e x e r c i s e  

c o n s i s t e d  o f  two s h e e t s  o f  paper  s t a p l e d  t o g e t h e r .  The f ro r i t  page o f  

t h e  f i r s t  s h e e t  c o n t a i n e d  a  s p a c e  f o r  t h e  s u b j e c t ' s  code number an3 

t h e  d e t e  o f  t h e  exper iment .  The i n s i d e  page o f  t h e  f i r s t  s h e e t  

c o n t s i n e d  a  d e c i s i o n  t a b l e  -- t h e  program d e s i g n .  The i n s i d e  page o f  

t h e  second s h e e t  was b l a n k  e x c e p t  f o r  a  s i n g l e  v e r t i c a l  l i n e  i f  t h e  

s u b j e c t  was t o  use  t h e  unindented form o f  t h e  l a n g u a g e ,  o r  seven  

v e r t i c a l  l i n e s  i f  t h e  s u b j e c t  was t o  use  t h e  i n d e n t e d  form. These 

l i n e s  provided t h e  l e f t - h a n d  marg ins  f o r  code.  Thus, t h e  a r rangement  

o f  t h e  m a t e r i a l s  a l lowed t h e  s u b j e c t  t o  v iew t h e  d e c i s i o n  t a b l e  on t h e  

l e f t - h a n d  s h e e t  whi le  w r i t i n g  code or? t h e  t h e  r igh t -hand  s h e e t .  % e r e  

were seven t r a i n i n g  e x e r c i s e s  deve loped .  

The second s e t  o f  m a t e r i a l s  comprised t h r e e  e x e r c i s e s  f o r  t h e  

exper iment  p r o p e r .  '=he e x e r c i s e s  were a r ranged  i n  t h e  same way a s  t h e  

t r a i n i n g  m a t e r i a l s  s o  s u b j e c t s  cou ld  view t h e  d e c i s i o n  t a b l e  a t  t h e  

same t ime  a s  t h e y  wro te  t h e  code .  The d e c i s i o n  t a b l e s  f o r  e a c h  

e x e r c i s e  c o n t a i n e d  e i g h t  c o n d i t i o n s ,  n i n e  r u l e s ,  s i x  l e v e l s  o f  

n e s t i n ,  . and n i n e  a c t i o n s .  Tab le  6 i s  o n e  o f  t h e  e x e r c i s e s  used i n  

t h e  exper iment  p r o p e r .  

The s e l e c t i o n  o f  a  d e c i s i o n  t a b l e  t o  r e p r e s e n t  t h e  program d e s i g n  

i s  p u r p s e f u l .  I f  s t r u c t u r e d  m e t h o d o l o g i e s  a r e  used t o  implement a  

sys tem,  t h e  o u t p u t  o f  t h e  sys tem d e s i g ~  pL2se i s  e i t h e r  a d e c i s i o n  
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t a b l e ,  d e c i s i o n  t r e e ,  o r  s t r u c t u r e d  Eng l i sh  a s  a  r e p r e s e n t a t i o n  o f  t h e  

l o g i c  t o  be  coded ( s e e ,  e  .g., [ L ? ; ) .  he chose d e c i s i o n  t a b l e s  because  

we b e l i e v e  t h e y  p r o v i d e  t h e  c l e a r e s t  r e p r e s e n t i o n  o f  t h e  l o g i c  t o  be  

coded.  Fur thermore ,  a s  d i s c u s s e d  e a r l i e r ,  t h e y  a r e  amenable t o  t h e  

s e q ~ l e c c i n g  t a s k  v i a  t h e  t e c h n i q u e  o f  c r e a t i n g  a d e c i s i o n  t r e e  t o  

p a r t i z i o r ,  t h e  t a b l e .  The number o f  c o n d i t i o n s  i n  t h e  d e c i s i o n  t a b l e  

a l s o  was l i m i t e d  t o  e i g h t  s i n c e  proponents  o f  t h e  s?ructureci  

me thodo log ies  advoca te  choos ing  "chunks" o f  l o g i c  t h a t  car, be  

r e p r e s e n t e d  on a s i n g l e  page -- an achowledgement  o f  t h e  l i m i t a t i o n s  

o f  s h o r t - t e r m  ixemory ( s e e ,  e . g . ,  ;4:). 

The t h i r d  s e t  o f  m a t e r i a l s  comprised a  s h o r t  d e b r i e f i n g  

q u e s t i o n n e i r e  t h a t  asked s u b j e c t s  t o  i n d i c a t e  wine t h e r  t h e y  were 

f u l l - t i m e  o r  p a r t - t i m e  s t u d e n t s ,  whether  t h e y  had computer e x p e r i e n c e  

a n d ,  i f  s o ,  t h e  n a t u r e  o f  t h a t  e x p e r i e n c e .  

6.3 A d m i n i s t r a t i o n  

The exper iment  was a d m i n i s t e r e d  9n two s t a g e s .  The f i r s t  s t a g e  

was a  p i l o t  s t u d y  i n  which e a c h  o f  t h e  e i g h t  t r e a t m e n t s  ( 4  l a n g u a g e s  X 

2 l e v e l s  o f  i n d e n t i n g )  was t e s t e d .  iio m o d i f i c a t i o n s  were r e q u i r e d  t o  

t h e  exper imenta l  m a t e r i a l s .  Rowever, some p r a c t i c e  was needed b e f o r e  

t h e  exper iment  could  be a d m i n i s t e r e d  smoothly .  Fur the rmore ,  i n  l i g h t  

o f  q u e s t i o n s  asked by t h e  p i l o t  s u b j e c t s  and t h e i r  r e s u l t s ,  t r a i n i n g  

was modif ied  t o  h i g h l i g h t  a r e a s  t h a t  were e r r o r - p r o n e  o r  ambiguous.  

1'ke second s t a g e  was t h e  p r imary  s t u d y .  I t ,  i n  t u r n ,  c o n s i s t e d  

o f  two phases .  The f i r s t  phase was a  t r a i n i n g  s e s s i o n  i n v o l v i n g  s e v e n  

p rzc  t i c e  e x e r c i s e s .  '=he e x e r c i s e s  p r o g r e s s i v e l y  i n c r e s s e d  i n  
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d i f f i c u l t y  from d e c i s i o n  t a b l e s  i n v o l v i n g  t h r e e  c o n d i t i o n s  and code 

i n v o l v i n g  t h r e e  l e v e l s  o f  n e s t i n g  to  d e c i s i o n  t a b l e s  i n v o l v i c g  e i g h t  

c o n d i t i o n s  and code i n v o l v i n g  f i v e  l e v e l s  o f  n e s t i n g .  The t r a i n i n g  

s e s s i o n  s t a r t e d  w i t h  t h e  exper imente r  showing s u b j e c t s  how t o  

p 5 r t i t i o . n  t h e  d e c i s i o n  t a b l e  and t o  c o n s t r u c t  t h e  d e c i s i o n  t r e e .  The 

s u b j e c t s  v e r e  t o l d  t h a t  t ime  was t o  be a  perfonnence v a r i a b l e  a n d ,  a s  

tP.ey g a i n e d  f a c i l i t y  w i t h  t h e  t a s k s ,  t h e y  shou ld  a t t e m p t  t o  pe r fom,  

them more q u i c k l y .  They t h e n  were g i v e n  t h e  f i r s t  t h r e e  e x e r c i s e s .  

Xext t h e y  were shown how t o  perform t h e  sequenc ing  t a s k  i n  t h e  

p a r t i c u l a r  language t h a t  t h e y  had been s s s i g n e d .  They t h e n  coded t h e  

f i r s t  t h r e e  e x e r c i s e s  on which t h e y  had xorked a l r e a d y .  The f o u r t h  

e x e r c i s e  involved them u n d e r t a k i n g  t h e  complete  e x p e r i m e n t a l  t a s k .  To 

e n s u r e  c o n s i s t e n c y  o f  s t y l e ,  t h e y  u e r e  t o l d  t o  w r i t e  r a t h e r  t h e n  p r i n t  

t h e  code.  A t  t h e  s t a r t  o f  t h e  s i x t h  e x e r c i s e ,  s u b j e c t s  were t o l d  t h e y  

would be  timed. m e i r  o b j e c t i v e  was t o  b e  complete  cod ing  a c c u r a c y  i n  

minimum t ime.  To m o t i v a t e  them t o  comply w i t h  t h i s  o b j e c t i v e ,  t h e y  

were informed t h a t  t h e i r  r e s u l t s  would be d i s c a r d e d  u n l e s s  comple te  

a c c u r a c y  was a c h i e v e d .  In  a d d i t i o n ,  t h e y  were t o l d  t h a t  f o r  t h e  f i n a l  

t h r e e  e x e r c i s e s  t h e y  were n o t  t o  check back  o v e r  t h e i r  code  once  i t  

was w r i t t e n .  Thus, t h e y  shou ld  strive t o  h r i t e  t h e  code  c o r r e c t l y  on 

t t e  f i r s t  pass .  

A f t e r  t h e  s i x t h  e x e r c i s e ,  sub; cc ts u e r e  g i v e n  a  s h o r t  r e s t  b r e a k .  

A f t e r  t h e  b r e a k ,  t h e  second phase o f  t h e  p r imary  s t u d y  commenced. 

S u b j e c t s  were g i v e n  a uarm-up exercise a d m i n i s t e r e d  a s  though i t  were 

a  f i n a l  exper imenta l  t r i a l .  P ien  t h e y  were g i v e n  t h e  f i n a l  t h r e e  

t r i a l s ,  which r e p r e s e n t e d  t h e  exper iment  p r o p e r .  Between e a c h  t r i a l ,  

s u b j e c t s  were g i v e n  a  s h o r t  r e s t  b r e e k  w h i l e  t h e i r  answers  were 
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c o l l e c t e d .  

S e v e r a l  a s p e c t s  o f  t h e  rnethorlology need f u r t h e r  e x p l s n a t i o n .  

F i r s t ,  s e v e n  ~ r a c t i c e  e x e r c i s e s  were  give^ because  o u r  p i l o t  s t u d y  

i n d i c h t e d  t k s t  sub; ec ts needed about  f o u r  e x e r c i s e s  b e f o r e  t h e y  had 

ach ieved  some ~ r o f i a i e n c y .  Ey abou t  t h e  f i f t h  o r  s i x t h  e x e r c i s e ,  

l e a r n i n g  usucll ly had c e a s e d .  i ; e v e r t h e l e s s ,  a s  a  check  f o r  a l e a r n i n g  

e f f e c t  { o r  f l t i g u e :  , i~ ' e  conducted t h r e e  exper imenta l  t r i a l s .  Second, 

a f t e r  e a c h  t r a i n i n g  e x e r c i s e ,  s u b j e c t s  cou ld  a s k  q u e s t i o n s .  Lur ing 

tkLe e l  e x e r c i s e s ,  t h e y  u e r e  a l s o  g i v e n  some t ime  t o  examine t h e i r  

answers  2nd a s s i m i l a t e  t h e  knotiledge r e q u i r e d  to perform t h e  t a s k .  

The e x p e r i m e n t e r  used an overhead p r o j e c t o r  w i t h  c o l o r e d  pens  t o  show 

t h e  answers  t o  e x e r c i s e s .  T h i r d ,  s u b j e c t s  were s e z t e d  w e l l  a p o r t  i n  

t h e  room where t h e  exper iment  w 2 s  conducted.  They were t o l d  t o  s i g n a l  

t h e i r  c o m ~ l e t i o r i  o f  a n  e x e r c i s e  by  r a i s i n g  a  f i n g e r ,  and t h e n  t o  s l ?  

q u i e t l y  s o  t h e y  would n o t  d i s r u p t  o t h e r  p a r t i c i ~ a n t s .  The 

exper imente r  used a  s e a t i n g  c h a r t  t o  r ecord  t i m e s  from a  s t o p  watch.  

I f  more tkan  s i x  s u b j e c t s  p a r t i c i p a t e d  i n  ac e x p e r i m e n t a l  s e s s i o n ,  a 

r e s e a r c h  a s s i s t a n t  r ecorded  t i m e s  f o r  h a l f  t h e  g roup .  F o u r t h ,  b y  

t e l l i n g  s u b j e c t s  t h a t  complete  a c c u r a c y  x a s  needed f o r  t h e i r  r e s u l t s  

t o  be  u s e d ,  a n  a t t e m p t  x a s  made t o  have s u b j e c t s  m a n i f e s t  t h e l r  

r -  performance th rough  t i m e .  C.s Green 191 p i n t s  o u t ,  t i m e  and a c c u r a c y  

a r e  p rob lemat ic  perform;nce measures  s i n c e  s u b j e c t s  c a n  t r a d e  o f f  or,e 

measure a g a i n s t  t h e  o t h e r .  F i f t k ,  s u b j e c t s  were t o l d  n o t  t o  c h e c ~  

t h e i r  r e s u l t s  s i n c e  t h e  e x t e n t  o f  check ing  c a r r i e d  o u t  b y  a  s u b j c c t  

would confound t h e  e f f e c t s  o f  t h e  type o f  l a n g u a g e  used on t h e  

performance measures .  X s u b j e c t ' s  t o l e r a n c e  f o r  a m b i g u i t y  o r  

p r o p e n s i t y  f o r  r i s k  t a k i n g ,  f o r  e x t n p l e ,  may a f f e c t  t h e  smour-t o f  
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check ing  h e / & - i m d e r t a k e s .  

A s  a  f i n a l  i s s u e ,  t h e  p i l o t  s t u d y  acd pr imary s t u d y  were 

a d m i n i s t e r e d  by o n l y  one o f  u s .  % e r e  is ev idence  t h a t  i n d i c a t e s  

d i f f e r e n t  e x p e r i m e n t e r s  czn produce d i f f e r e n t  e f f e c t s  and some form o f  

T c l \  c o n t r o l ,  s u c h  a s  t h e  one lie used ,  i s  needed ( s e e  - L , ,  . Fur the rmore ,  

i t  r e q u i r e d  some p r a c t i c e  befo-re t h e  exper iment  could  be  a d m i n i s t e r e d  

p r o f i c i e n t l y .  Eirice p r a c t i c e  o ~ p o r t m i t i e s  were l i m i t e d ,  i t  seemed 

i m ~ o r t s n t  t h s t  o n l y  one o f  u s  should  cocduc t  t h e  e x p e r i m e r t .  The 

exper iment  was a d m i n i s t e r e d  2 2  t i m e s :  p i l o t  a d m i n i s t r a t i o n s  

( N E S T - 6 C  was r e p e a t e d )  and 1; prirnsry s d m i n i s t r a t i o n s .  

Ca t a  A n a l y s i s  7. - 

Cata  was ana lyzed  i n  two s t e p s .  F i r s t ,  a  d o u b l y  m u l t i v a r i a t e  

a n a l y s i s  o f  c o v s r l a n c e  h i t h  r e p e a t e d  measures  model was f i t t e d  t o  t h e  

d c t a  f o r  t ime  t a k e n ,  t h e  number o f  t y p e s  o f  s y n t a x  e r r o r s  msde, t h e  

number o f  s y n t a x  e r r o r s  made, and t h e  number o f  semant ic  e r r o r s  madt: 

r 7 \  

( s e e  L I 1,. R e c a l l  t h a t  e a c h  s u b j e c t  performed t h e  e x p e r i m e n t a l  t a s k  

t h r e e  t i m e s ,  and on eech  o c c a s i o n  t h e y  g e r e  measured on t h e  sbove f o u r  

c r i t e r i a .  Cince t h e  v a r i a b l e s  a r e  c o r r e l a t e d ,  a  mu1 t i v a r i a t e  s n a l y s i s  

i n e c e s s a r y .  The c o v a r i a t e  used was a  s u b j e c t ' s  t e r t i a r y  e a u c a t i o n  

s c o r e  (TE). This  s c o r e  is c a l c u l a t e d  on t h e  b a s i s  o f  t h e i r  h i g h  

s c h o o l  performance and i s  t h e  pr imary a d m i s s i o n  c r i t e r i o n  f o r  e n t r y  t o  

t h e  u n i v e r s i t y  and i t s  r e s p e c t i v e  d e p a r t m e n t s .  'de though t  ? h a t  t h i s  

v a r i a b l e  might  b e  a  s u r r o g a t e  measure o f  programming a b i l i t y  f o r  n a i v e  

and nov ice  programmers. 
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The second-  s t e p  i n  t h e  a n a l y s i s  was t o  f i t  a n  a n a l y s i s  o f  

v a r i a n c e  model t o  t h e  d o t s  f o r  t h e  number o f  e r r o r - f r e e  programs t h a t  

a  s u b j e c t  p repared .  Though t h i s  i s  a  s e p a r a t e  s t a t i s t i c a l  model ,  t h e  

dependen t  measure i s  c o r r e l a t e d  w i t h  t h e  o  t h e r  f o u r  dependent  

m e a s u r e s ;  t h u s ,  t h e  r e s u l t s  d e s c r i b e d  below snou ld  be  t r e a t e d  wi th  

c a u t i o n .  

The mui t i v d - i a t e  model al1ot;s  a l l  main e f f e c t s  and i n t e r a c t i o n s  

t o  be  i n v e s t i g a t e d .  There were t h r e e  main e f f e c t s  -- lsr-guage (L) ,  

i c d e n t a t i o n  (;), and t r i a l  . Consequen t ly ,  t h e r e  were t h r e e  

f i r s t - o r d e r  i n t e r a c t i o n s  -- LI ,  LY,  and I T  -- and one second-order  

i n t e r a c t i o n  LIT. 

Tab le  8 shows t h e  means and s t a n d a r d  d e v i a t i o n s  f o r  t k e  

performrnce measures  (averaged o v e r  t h e  tk 'ree t r i a l s )  f o r  e a c h  

l ~ n g u a g e  t y p e - i d e n t a t i o n  cornkinat ion.  S i n c e  a l l  measures  were 

m o d e r a t e l y  r igh t - skewed ,  t h e y  were t r ans fo rmed  t o  c o r r e c t  f o r  t h i s  

non-sormal i ty .  Time t aken  was t r8ns fo rmed  u s i n g  t h e  formula  logl0 X 

and t h e  o t h e r  t h r e e  v a r i a b l e s  were t r ans fo rmed  u s i n g  t h e  fom,u la  loglO 

( X + I  ) ( s e e  1 1). Appendix A c o n t a i n s  t h e  means and s t a n d a r d  

d e v i a t i o n s  f o r  t h e  u-rltransformed v s r i a b l e s .  

[ ~ n s e r t  Table E about  h e r e ]  
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A t  t h e  .C5 s i g n i f i c a n c e  l e v e l ,  o n l y  t h r e e  e f f e c t s  +;ere 

s i g n i f i c a n t  u s i n g  t h e  approx imat ion  t o  t h e  F - t e s t  -- L ,  I ,  and LI. 

Thus,  t h e r e  i s  no ev idence  o f  a l e a r n i n g  e f f e c t  o r  s f s t i g u e  e f f e c t  

a c r o s s  t h e  t h r e e  t r i a l s  o f  t h e  exper iment  o r  an  i n t e r a c t i o n  between 

t h e  w1thir:- hn.3 between-subjec ts f3c  t o r s .  Eifice t h e  LI i n t e r a c t i o ~  i s  

s i g n i f i c a n t ,  t h e  main e f f e c t s  must be  t r e a t e d  c a u t i o u s l y  snd t h e  c e l l  

means must  b e  examined i n d i v i d u a l l y .  

'i;hile t h e  o v e r a l l  t e s t s  o f  s i g n i f i c a n c e  i n d i c a t e  a  j i f f e r e n c e  

e x i s t s  b e t v e e n  t h e  v e c t o r s  o f  rnear~s f o r  t h e  performance n E a s u r e s ,  t h e y  

do n o t  i n d i c a t e  which o f  t h e  dependen t  messures  produce t h e  

s i g n i f i c a n t  e f f e c t s .  To d e t e r m i n e  which d e ~ e n d e n t  measures  produced 

t h e  s i g n i f i c a n t  m u l t i v a r i a t e  e f f e e  t f o r  t h e  i n t e r a c t i o n  term LI ,  we 

r 1 used a  procedure  d e e r i b e d  by FLessmer and Eomsns L 15,. E a s i c n l l y  t h e  

p rocedure  i n v o l v e s  a  s e r i e s  o f  step-down t e s t s  whereby a s i n g l e  

c r i t e r i o n  v a r i a b l e  i s  f i r s t  i n t r o d u c e d  i n t o  a  u n i v e r i a t e  a n a l y s i s  o f  

v a r i a n c e  x o d e l  and t h e  F - s t a t i s t i c  c a i c u l a t e d  . '&is criterion 

v a r i a b l e  then  becomes a  c o v a r i a t c  i n  a  u n i v a r i a t e  a n s l y s i s  o f  

c o v a r i a n c e  model and a  second c r i t e r i o r .  v a r i a b l e  i s  t e s t e d  f o r  

s i g n i f i c a n c e .  Th i s  c r i t e r i o n  v a r i a b l i .  t h e n  j o i c s  t h e  f i r s t  a s  a  

c o v a r i a t e  and a  t h i r d  c r i t e r i o n  v a r i a b l e  i s  t e s t e d  f o r  s i g n i f i c a n c e .  

P r o g r e s s i v e l y  a l l  excep t  t h e  l a s t  c r i t e r i o n  v a r i a b l e  e n t e r  ss 

c o v a r i a t e s  i n  t h e  model. 

To use t h e  approach i t  i s  n e c e s s a r y  f o r  t k e  r e r e a r c h e r  t o  kave 

some a  p r i o r i  o r d e r i n g  o f  impor tance  o f  t h e  c r i t e r i o n  v a r i a b l e s .  Zn - 
te rms of  t h e  exper iment  c o n d u c t e d ,  we ~ o s t u l a k e d  t h a t  a n y  t r e a t m e n t  

d i f f e r e n c e s  would be  manifes tec!  p r i a a r i l y  i n  t e r m s  o f  t h e  t ime  ceedc3  
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to  comple te  t h e  - t a s k .  Yne r e l a t i v e  impor tance ,  however, o f  t k e  number 

of t y p e s  o f  s y n t a x  e r r o r ,  t h e  nuiiber o f  s y n t a x  e r r o r s ,  and t h e  number 

o f  s e m a n t i c  e r r o r s  was n o t  c l e a r - c u t .  

3 b l e  9 slr,ows f o u r  d i f f e r e n t  o r d e r s  o f  step-down t e s t s  w e d  and 

t h e  s i g n i f i c a n c e  l e v e l s  a t t a i c e d  f o r  t h e  L I  i n t e r a c 5 i o n .  Zince YE 

s c o r e  was n o t  s i g n i f i c a n t  a s  a  c o v a r i a t e  i n  t h e  o v e r a l l  I:i^i:;iCVA. model ,  

i t  was removed from t h e  step-down m o d ~ l s  t o  i n c r e a s e  t h %  d e g r e e s  o f  

freedom. a v 3 i l l i b l e  f o r  t h e  t e s t s .  

Given t h a t  t h e  i n d i v i d u a l  t e s t s  o f  s i g n i f i c a n c e  f o r  each  

c r i t e r i o n  v a r i a b l e  a r e  r e l a t e d ,  t h e  E o n f e r r o n i  i n e q u a l i t y  c a n  be  used 

t o  c a l c u l a t e  t h e  i n d i v i d u a l  s t a t e m e n t  l e v e l s  o f  s i g c i f i c a n c e  t h a t  must 

b e  a t t a i n e d  [17].  Csirig a  .C? f a m i l y  l e v e l  o f  s i g n i f i c a n c e ,  t h e  

i n d i v i d u a l  s t a t e m e n t  l e v e l s  o f  s i g n i f i c a n c e  a r e  giver1 by :  
4 

.05 = 1 - ? J  U i  

Using a = . O 1  , Table  9 shcws t h a t  o n l y  t ime  t a k e n  r e a c h e s  

s i g n i f i c a n c e .  Two o t h e r  performance measures  approach s i g n i f i c a n c e :  

nunber  o f  t y p e s  o f  s y n t a x  e r r o r s  f o r  t h e  f i r s t  s t e p - d o n  o r d e r  and 

number o f  s y n t a x  e r r o r s  f o r  tz-. seccrld step-down o r d e r .  Thus,  i n  

t e rms  o f  t h e  l e v e l  o f  s i g n i f i c a n c e  i t t ~ l n e d ,  t h e r e  i s  s t r o n g  s u p p o r t  

f o r  t h e  L I  i n t e r a c t i o n  hav ing  a n  e f f 2 c t  on t ime  t a k e n  an2 weak s h ~ p o r t  

f o r  an e f f z c t  on t h e  number o f  t y ~ e s  o f  s y n t a x  e r r o r  and t h e  nuniber o f  

s y n t a x  e r r o r s .  
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Fagt  SC 

F i g u r e  1 shows t h e  n a t u r e  o f  t h e  i n t e r a c t i o n  f o r  each  o f  tbLese 

t h r e e  depecden t  measures .  In  t e n i s  o f  t i n e  t a k e n ,  t h e  i n t e r a c t i o n  

a r i s e s  because  i n d e n t a t i o r ,  f . i c : l i t a t e s  use  o f  ::EET--BE an3  EST-IKE b u t  

i n h i b i t s  use  o f  JUI~IP-:~ and :;EST. Yhus, t h e  d i r e c t i o n  o f  t h e  means 

s u p p o r t s  t h e  a n a l y s i s  u n d e r l y i n g  hypo t h e s i s  2 .  For  t h e  uniridented 

form c f  t h e  l a n g u a g e ,  in:CCT outperfo,rmed ;Ui":P-I,, and 2W:F-?L 

o u t ~ e r f o m e r ?  IJELT-BEand S E T - Z E I E .  Except t h a t  t h e  meafis f o r  1;EC'T-EE 

22.3 BEZT-II;E a r e  e q u a l ,  t h e s e  r e s u l t s  s u p p o r t  $he a n a l y s i s  u n d e r l y i n g  

h y ~ o  t h e s l s  1 .  

f ~ n s e r t  F i g u r e  1 abou t  h e r e ]  

I n  terms o f  t h e  number o f  t y p e s  o f  s y n t a x  e r r o r ,  t h s  i n t e r a c t ~ o c  

term was s i g n i f i c a n t  because  i n d e n t t i t i o n  f a c i l i t a t e d  use  o f  f,EE'P-LC 

b ~ i t  i n h i b i t e d  use  o f  JWF-X, I ,  and - 1  Except f o r  tile 

- 2  r e s u l t ,  t h e  d i r e c t i o n  o f  t h e  means s u p p o r t s  t h e  a n a l y s l s  

under ly ing  h y p o t h e s i s  4. For t h e  unindented form o f  t h e  l a n g u a g e s ,  

from b e s t  t o  u o r s t  pe r fo rmance ,  t h e  o r d e r  is  &EST, KEST-IPZ, ;LT:F-;.-, 

and ];EST-BE. Again,  a p a r t  from t h e  IGEST-IKE r e s u l t ,  t h e  d i r e c  t iori  3f 

t h e  means s u p p o r t s  t h e  a n a l y s i s  under ly i f ig  h y p o t h e s i s  7. 

In  terms o f  t h e  number o f  s y n t a x  e r r o r s  made, i n d e n t z t i o n  

f s c i l i t a t e s  use  o f  iiESY-3E o n l y  and i n h i b i t s  use  o f  ;Ul~~F-~~A, &EST, 2nd 

IILS'P-ILL. Except f o r  t h e  KEZT-IhE r e s u l t ,  t h e  d i r e c t i o n  o f  t h e  me;ns 

s u p p o r t s  t h e  a n a l y s i s  u n d e r l y i n g  h y p o t h e s i s  6. F o r  t h e  unindefited 

form oC t h e  l a n g u a g e ,  from b e s t  t o  k;orst pe r fo rmance ,  t h e  o r d e r  i s  
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iiES'2, !;ELT-I?;E, JUP;F-iA, and 1;SZ';-BE. Again, a p a r t  from t h e  ;;EST-IKE 

r e s u l t ,  t h e  d i r e c t i o n  o f  ?he rxeacs s u p p o r t s  t h e  s n a l y s i s  u n d e r l y l c g  

hypo t h e s i s  5. 

J i f i ce  t h e  number o f  semant ic  e r r o r s  uas n o t  s i g c i f i c a n t  f o r  t h e  

LI i n t e r a c t i o n  e f f e c t ,  t h e r e  is  no s u F p o r t  f o r  hypo theses  7 and 6. 

I ; e v e r t h e i e s s ,  i t  i s  i r i t e r e s t i n g  t o  n o t e  t h h t  i n  t e r n s  o f  LEST-i3E and 

I X T - ,  t h e  ~ r e v i o u s  e f f e c t  o f  i n d e n t a t i o n  on t h e  two s y n t a x  e r r o r  

measures  was p rese rved  : i n d e n t a t i o n  f z c i l i t a t e d  use o f  S -  b u t  

i n h i b i t e d  use o f  l;SLY-;hE. 

;n summary, g i v e n  t h e  c c r r e l a t e d  r , a tu re  o f  t h e  dependent  

v a r i a b l e s  and t h e  number o f  compar isons  o f  means t h a t  must b e  made, 

t h e  s ~ g c i f i c a n t  i n t e r a c t i o n  term i n  t h e  m u l t i v a r i a t e  model h a s  a r i s e n  

~ r i m a r i l y  because  o f  d i f f e r e n c e s  i n  t h e  t ime  taker,  f o r  t h e  v a r i o h s  

t r e a t m e n t s .  'he number o f  t y p e s  o f  s y n t a x  e r r o r  and t number o f  

s y n t a x  e r r o r s  have weaker l e v e l s  o f  s i g n i f i c a c c e  a n d ,  a s  a 

consequence,  may b e  due t o  chance.  F.oreover, i t  i s  p r i r n z i r ~ l y  t h e  

e f f e c t s  o f  i n d e n t a t i o n  on JUFIF-X and ::EE",'tkiat have produced t h e  

s i g c i f i c a n t  i n t e r a c t i o n  e f f e c t  f o r  t ime  t a k e n .  

7.2 The A n a l y s i s  o f  Var iance  &;ode1 - - 

S i n c e  t h e  TE s c o r e  was n o t  s i g n i f i c a n t  i n  t h e  n u l t i v a r i a t e  a o d e l ,  

i t  was n o t  i n c l u d e d  i n  t h e  a n a l y s i s  o f  v a r i a n c e  model used t o  

d e t e r m i ~ e  t h e  e f f e c t s  o f  l anguage  and i n d e n t a t i o n  o n  t h e  number o f  

programs t h a t  a  s u b j e c t  coded c o r r e c t l y  o v e r  t h e  t h r e e  t r i a l s .  Table  

IG shows t h e  means and s t s r ida rd  d e v i a t i o n s  f o r  t k e  v a r i o u s  

l anguage- inden ta  t i o c  combina t ions .  P ~ n e  main e f f e c t s  i:ere 
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i n s i g n i f i c a n t ,  b u t  t h e  LI i n t e r a c t i o n  was s i g n i f i c a n t  ( F  = 3.164; d f  

= 3,51 ; p  = .0;) i n d i c a t i n g  a c r o s s - o v e r  e f f e c t .  

[ ~ n s e r t  Table 10 sbou t  h e r e ]  

F o r  t h e  unindented larAguage form, from b e s t  t o  wors t  p e r f o n a n c e ,  

t h e  o r d e r  i s  LEST-IKE, ::EET, U F - ,  and SECT-EL. Except t h a t  

KE'ZT-I.XE outperformed ?;EST, t h e  d i r e c t i o n  o f  t h e  means s u p p o r t s  t h e  

a n a l y s i s  u n d e r l y i c g  h y p o t h e s i s  3. 

5v?ien t h e  inden ted  forms o f  t h e  l a n g u a g e s  a r e  u s e d ,  F i g u r e  2 shows 

a  f s m i l i a r  p a t t e r n .  I n d e n t a t i o n  h a s  f a c i l i t a t e d  use  o f  ?;EST-EE b u t  

i n k i b i  t e d  use  o f  KZST and KEET-IXE. Performance u s i n g  JLKF-Kimproves 

s l i g h t l y  when i n d e n t a t i o n  i s  used.  Thus, t h e r e  i s  p a r t i a l  s u p p o r t  f o r  

t h e  a n a l y s i s  u n d e r l y i n g  h y p o t h e s i s  10. 

[ I n s e r t  F i g u r e  2 s b o u t  here :  

Again ,  t h e s e  r e s u l t s  shou ld  be t r e a t e d  v i t h  c a u t i o n .  Eecause t h e  

dependen t  v s r i a b l e s  a r e  c o r r e l a t e d  and a l a r g e  number o f  p a i r w i s e  

compar isons  o f  means have  beer, u n d e r t a k e n ,  t h e  s t a b i l i t y  o f  t h e s e  

r e s u l t s  i s  s u s p e c t .  

8. D i s c u s s i o n  o f  R e s u l t s  - 

kihat, t h e n ,  a r e  t h e  i m p l i c a t i o n s  o f  t h e  r e s u l t s  f o r  t h e  way i n  

which c o n d i t i o n a l  s t a t e m e n t s  shou ld  b e  implemented i n  programmicg 

languages?  The f o l l o w i n g  s e c t i o n s  draw some c o n c l u s i o n s  based on o u r  

f i n d i n g s .  
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6.1 E e l a t i v e  C a p a b i l i t i e s  o f  t h e  Languages I n v e s t i g a t e d  -- 

Based on t h e i r  two s t u d i e s ,  Zime, Green, and Guest [ 2 3  p .  1142 

cocc luded  : ' t  - i t  i s  always e a s i e r  t o  d r a f t  a  s e m a n t i c a l l y  c o r r e c t  

program i c  a  n e s t i n g  l anguage ,  whether  m u l t i p l e  a c t i o n s  a r e  r e q u i r e d  

o r  n o t ;  but  when t h e y  a r e  required, t h e  l i k e l i h o o d  o f  3 s y n t a c t i c  

n i s t a k e  g o e s  up -- p a r t i c u l a r l y  i n  LEET-3E." k e c a l l ,  from Table  1 ,  

1--en , A  had outperformed ;l;r:P on a l l  c r i t e r i a ,  b u t  t h e  r e s u l t s  f o r  JKiP,  

HEST-BE, 2nd NEST-IBE were e q u i v o c a l  : more s u b j e c t s  had s u c c e s s f u l l y  

completed each problem i n  JU>:F, t h e r e  were n o r e  e r r o r - f r e e  problems 

p e r  s u b j e c t  i n  ;LJl;P, and ;UI~IF had outperformed KEST-EE i n  t e rms  o f  t h e  

number o f  s y n t a c t i c  e r r o r s  p e r  problem and e r r o r - l i f e t i m e s .  Zowever, 

more semant ic  e r r o r s  p e r  problem had been made i n  JWF. Kote,  n o t  a l l  

t h e  d i f f e r e n c e s  were s t a t i s t i c a l l y  s i g n i f i c a n t .  

Cur r e s u l t s  a r e  somewhat c o n t r e d i c  t o r y .  C o n s i d e r ,  f i r s t ,  t h e  

t h r e e  n e s t e d  l anguages .  I n  t e rms  o f  t h e  i n d e n t e d  form o f  t h z  

l h n g u a g e s  ( t h e  form used by Sime, Green,  and c u e s t ) ,  KEZY-EE 

outperformed KEST and KEST-IliE i n  t e r m s  o f  a l l  f i v e  dependen t  

measures .  Except f o r  t h e  number o f  e r r o r - f r e e  problems p e r  s u b j e c t ,  

i t  a l s o  outperformed Iu'ESli'. We f i n d  t h i s  t o  b e  a  s u p r i s i n g  r e s u l t  

s i n c e  we have argued KEST-EL i s  t h e  most  complex l ~ n g u a g e .  To some 

e x t e n t  t h e  r e s u l t s  a r e  a f f e c t e d  by o u t l i e r s ,  b u t  Sime, Green,  snd 

Guest seem t o  have had t h i s  problem t o o  -- t h e y  had non-normal 

d i s t r i b u t i o n s  t h a t  l e d  them t o  use  non-paramet r i c  s t a t i s t i c s .  For  

whstever  r e a s o n ,  s u b j e c t s  had more d i f f i c u l t y  u s i n g  ?:EST and I E T - I L E .  

In terms o f  s y n t a x  e r r o r s ,  f o r  example ,  s u b j e c t s  u s i n g  IiECT-IXE f o r g o t  

a YfXI ; ,  i s s e r t e d  an e x t r a  YiiEl; a f t e r  t h e  EGT c o n d i t i o n ,  3 r d  n i s s e d  a n  
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EEC. ;n I;ECT; t h e y  f o r g o t  a  TiLEl; o r  tin CTEERWISE, misp lace6  t n  

OTEEFP.~ISE, and i r o n i c a l l y  o c e  s u b j e c t  f r e q u e n t l y  m i s s p e l l e d  t h e  

p r e d i ~ ~ i t e s ,  which we counted a s  .i s y n t a x  e r r o r .  I n  iET-EE,  t h e  

a n t i c i p a t e d  e r r o r s  -- f o r g e t t i n g  2 EEGII!, EXD, ELSE -- t ie re  I ~ O  t 

p r e v h l  en t . 

i a e n  t h e  unindented forms o f  t k e s e  l a n g u a g e s  were u s e d ,  however ,  

t h e  s p t a x  d i f f i c u l t i e s  exper ienced  wi th  KEST and ?;EST-IKE were 

s u b s t a n t i a l l y  reduced.  Indeed ,  XECT c o n s i s t e n t l y  t u r n e d  o u t  t o  b e  t h e  

b e s t  l a c g u a g e  a c r o s s  tk.e f i r s t  f o u r  performrnce c r i t e r i a .  For  t h e  

r,umber c f  e r r o r - f r e e  ~ r o b l s n s  performance measure ,  I;CCT-II"iE 

o u t ~ e r f o r m e d  KEGT, which i n  t u r n  o u t ~ e r f o r m e d  ?;EST-SE. 

With r e s p e c t  t o  JUF:F-P;, i n  g e n e r a l  i t  a p p e a r s  t o  perform n e i t h e r  

s u b s t a n t i c i l l y  worse n o r  s u b s t a n t i a 1 ; y  b e t t e r  t h a n  t h e  un inden ted  form 

o f  t h e  n e s t e d  l a n g u a g e s ,  e x c e p t  i n  t e rms  o f  t h e  t ime  t a k e n  w i t h  t h e  

i n d e n t e d  form o f  ;C'KP-;C. We d i s c u s s  t h i s  i s s ~ e  below. 

';here are s e v e r a l  p o s s i b l e  r e a s o c s  why o u r  r e s u l t s  t end  t o  d i f f e r  

from t h o s e  o b t a i n e d  by  Zime, Green,  and Guest .  F i r s t ,  i n  many c a s e s  

we a r e  conpar ing  s i m p l e  d i f f e r e n c e s  i n  x e a n s  r a t h e r  t h a n  e v a l u a t i n g  

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e ~ c e s .  Thus,  t h e  r a s u l t s  msy r e f l e c t  

sampl ing v a r i a b i l i t y .  PIoreover, ;r. s i l  t h e  r e s e a r c h  conduc ted  s o  f a r ,  

t h e  sample s i z e s  have been s m a l l ;  t k u s ,  t h e  power o f  t h e  s t a t i s t i c a l  

t e s t s  i s  low. Second, though we ;&ried t h e  s y n t a x  o f  t h e  n e s t e d  

l anguages  o n l y  i n  n i n o r  ways, 2e rhaps  t h i s  had a n  e f f e c t  on t h e  

r e s u l t s .  T h i r d ,  and p robab ly  a o s t  i m p r  t a n t  , o u r  e x p e r i m e n t a l  t a s k  

d i f f e r e d  from t h e  t a s k  used by S i n e ,  Creen,  and Guest .  Vnereas  we 

provided s u b j e c t s  w i t h  3 common p r o g r a a  d e s i g c  and showed them kor; t o  
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perform t h e  coding t a s k ,  L i n e ,  Green, and Guest t a d  s u b j e c t s  u r , d t - r t a k  

sone  program d e s i g n  and d i d  n o t  p rov ide  them x i  t h  3 cod ing  paradigm. 

A s  we have argued e z r l i c r ,  5 i f f e r e n c e s  among t h e  l z n g u a g e s  n a y  

d i s s i p a t e  i f  s u b j e c t s  a r e  f i r s t  shorn  d e s i g n  and cod ing  paradigms t?-'at 

t l re i n d e ~ e ~ d e n t  o f  t h e  l anguage  used.  

i n  summary, f o r  t h e  sequencing t a s k  we f i n d  ; i t t l e  ev idence  i n  

f t ivor o f  n e s t e d  l anguages  o v e r  a  b r a n c h - t o - l a b e l  l a n g u a g e .  I -b reovcr ,  

i r ?  l l g l t  o f  o u r  r s s i l l t s ,  we q u e s t i o n  t h e  s t a b i l i t y  o f  t h e  p r i o r  

r e s e z r c k  f i n d i n g s  t h a t  show 1:ZE'I'-GE t o  be s y n t a c  t i c b l l y  e r r o r - p r o z e  

and branch- t o - i a b e l  l a n g u s g e s  t o  be  s e m a n t i c a l l y  e r r o r - p r o n e .  The 

r e l a 2 i v e  performance o f  t h e s e  l anguages  f o r  t h e  t r a c i n g  and 

taxonomizing t a s k s ,  however,  i s  s n o t h e r  i s s u e .  Given G r e e n ' s  

r e s e e r c h ,  we a u s F e c t  t h s t  t h e  argument f o r  n e s t e d  l a n g u a g e s  must  b e  

c o u ~ h e d  i n  terms o f  t h e i r  s u p e r i o r i t y  f o r  debugging and m o d i f i c a t i o r .  

t a s k s  and riot d e s i g n  and coding t a s k s .  ? ; e v e r t h e l e s s ,  i n  l i g h t  o f  our. 

c r l t i c i s m s  o f  t h e  SUKF s y n t a x ,  G r e e n ' s  e x p e r i m e n t s  need t o  b e  

r e p l i c a t e d  w i t h  JUXP-I:. 

b. 2 Usefu lness  o f  I n d e n t a t i o n  - 

The d a t a  p r o v i d e s  a t  l e a s t  sone  s u p p o r t  f o r  o u r  a n a l y s i s  t h t  

p r e d i c t s  i n d e n t a t i o n  w i l l  b e  b e n e f i c i a l  when t h e  s y n t a c t i c  s t r u z  t u r e  

used t o  implement a  c o n d i t i o n a l  s t r u c t u r e  i s  complex.  h d e n t i n g  

f a e i l i t h t e d  use o f  !<EST-BE, which had t h e  most complex s y n t a c  t l c  

c t r u c t u r e .  It seems,  however ,  t h a t  t h e  b c s i c  s y n t a c t i c  s t r u c t u r e  o f  

IiLST-;!iE i s  s u f f i c i e n t l y  s i r r . ~ l e  t h c t  i n d e n t a t i o n  z s  a n  overheer? 

i r i h i b i t s  t h e  sequenc ing  t a s k .  %e r e s u l t s  f o r  KECT were  ir ,  the  
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p r e d i c t e d  d i r e c t i o n .  

I n d e n t a t i o n  i n  JUkP-Ii caused p a r t i c u l a r  problems. Zubj ec ts had 

s u b s t a n t i a l  d i f f i c u l t y  de te rmin ing  t h e  a p c r o p r i n t e  l e v e l  o f  

i n d e n t a t i o n  f o r  t h e  second GCTG r e p r e s e n t i n g  t h e  0 b r a n c h  o f  t h e  

ti e c i s i o n  t r e e  ( s e e  Table  7). h e n  w i t k -  t h e  modi f i ed  ;LYP s y n t a x ,  i t  

s t i l l  seems a s  i f  b ranch- to - l abe l  l s n g u s g e s  a r e  n o t  e s p e c i 2 l l y  

amenable t o  i n d e n t a t i o n .  The d i f f i c u l t i e s  a r e  m a n i f e s t e d  p r i m a r i l y  i c  

t h e  t i m e  t aken  t o  perform t h e  exper imenta l  t a s k .  

E a r l i e r  we c r i t i c i z e d  Sime, Green, and  cue^ f o r  t h e i r  f a i l u r e  t o  

c o n t r o l  i f i d e n t a t i o n  a e  a f a c t o r  t h a t  may a f f e c t  programmer 

performance.  Cur r e s u l t s  sup-port t h i s  view. Eecsuse o f  t h e i r  s i m p l e  

s t r u c t u r e ,  we hypo thes ized  t h a t  E and !:EST-;P:L would be  t h e  

s u p e r i o r  l anguages .  Yhese hypotkieses were s u p p o r t e d ,  o ~ l y  f o r  t h s  

unindented forms o f  t h e  l a n g u a g e s .  Thus, i t  nox seems m p o r t a n t  bihen 

comparing nes ted  l anguages  and branch-  t o - l a b e l  l a n g u s g e s  t o  s p e c i f y  

whetker  t h e  i n d e n t e d  o r  unindented forms o f  t h e  l a n g u a g e s  a r e  b e i n g  

eva lua ted  . Again,  t h e s e  r e s u l t s  a r e  conf ined  t o  t h e  sequenc ing  t a s k ,  

b u t  t h e y  m o t i v a t e  a  r e -examina t ion  o f  ';he r e l a t i v e  p e r f o r m a n c e s  o f  t h e  

l znguages  f o r  t h e  t r a c i n g  and taxocomizing t s s k s  . 

9. L i m i t a t i o n s  o f  t h e  Eesea rch  -- 

Aside from t h e  p r i m i t i - ~ e  n a t u r e  o f  t h e  t h e o r y  t h a t  d r i v e s  o u r  

r e s e a r c h ,  t h e r e  a r e  s e v e r a l  me thodo log ica l  limitations t h a t  undermine 

t h e  g e n e r a l i t y  o f  o u r  r e s u l t s .  'de d i s c u s s  t h e s e  l i m i t a t i o n s  i n  t k s  

s e c t i o r s  below under  t h e  c l a s s i f i c a t i o n  scheme ~ r 0 p 0 s e d  by Cook 2nd 

- 1 

Gampbel I. 13,. 
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9.1 S t a t i s t i c a l  -Conclus ion ' i a l i d i t y  - 

S t a t i s t i c a l  c o n c l u s i o n  v a l i d i t y  means t h s t  i t  i s  r e a s o n a b l e  t o  

draw c o n c l u s i o n s  about  c o v a r i a t i o n  between v a r i a j l e s  based on t h e  

s t a t i s t i c a l  n c d e l  used.  For t h i s  r e s e a r c h  t h e  major  t h r e a t  t o  

s t a t i s t i c a l  c o n c l u s i o n  v t i l i d i t y  i s  t h e  low power o f  t h e  t e s t s  caused 

by t h e  s m a l l  sample s i z e s .  

"b le  1 3  (a) shaws t h e  c e l l  s i z e s  f o r  t h e  d i f f e r e n t  t r e a t m e n t s .  

';hey a r e  s m c l l .  Y n f o r t m a t e l y  t h i s  problem is d i f f i c u l t  t o  overcome 

because  t ime  requirements f o r  t h e  exper iment  n r e  s u b s t a n t i a l .  

C o n s e q ~ e ~ t l y ,  i t  i s  d i f f i c u l t  t o  g e t  s u b j e c t s  t o  p a r t i c i p a t e  i n  t h e  

r e s e s r c h .  Cirne, Green,  and Guest exper ienced  s i m i l a r  problems. To 

some e x t e n t ,  u s e  o f  r e p e a t e d  n e a s u r e s  d e s i g n s  h e l p s  overcome t h e  

e f f e c t s  o f  smell sample s i z e s .  

~ n s e r t  Table  1 1  abou t  h e r e ,  

9.2 I n t e r c a l  V a l i d i t y  

An exper iment  i s  i n t e r n a l l y  v t i l id  i f  c o v a r i a t i o n  between two 

v a r i a b l e s  c a n  b e  a t t r i b u t e d  t o  t h e  v a r i a b l e  b e i n g  m a n i p u l a t e d .  

U n f o r t m a t e l y ,  o u r  i n a b i l i t y  t o  c a r r y  o u t  r a n d o m i z z t i o n  p r o c e 6 u r e s  

undermines t h e  i n t e r n a l  v a l i d i t y  o f  t h e  e x p e r i m e n t .  Thus,  t h 5  

- 1 ex2er imenta l  d e s i g z  i s  n o t  a t r u e  d e s i g n ;  i t  i s  a  q u a s i - d e s i g n  i3 , .  

Table  1 1 shoiis d e s c r i p t i v e  s t a t i s t i c s  f o r  v a r i o u s  c h a r a c  t e r i s t i c s  

o f  t h e  s u b j e c t s  i n  each  c e l l .  The c e l l s  a r e  imba lanced ,  c - s p e c i a l l y  

~ i t h  r e s p e c t  t o  t h e  number o f  p a r t - t i m e  s t u d e n t s  i n  e a c h  c e l l ,  and to 
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a  l e s s e r  e x t e n t ,  w i t k  r e s p e c t  t o  t h e  number o f  f emales  and t h e  number 

o f  s u b j  ec ts having some computer e x p e r i e n c e .  ".> , n i s  imbalance  

p o t e n t i a l l y  confounds  t h e  r e s u l t s ;  f o r  e x m p l e ,  i t  may be  t h a t  some 

computer  e x p e r i e n c e  f a c i l i t z t e s  ( o r  i n h i b i t s )  t a s k  performance.  

Ve c a n n o t  prove o r  d i s p r o v e  t h s t  a  confounding h s s  o c c u r r e d .  In  

o u r  o ~ i n i o n ,  ho # e v e r ,  t h e  e f f e c t s  o f  t h e s e  d i f f e r e n t  c h a r a c t e r i s t i c s  

o c  t a s k  performance,  i f  a n y ,  have been minimal.  A s  a  c o v z r i a t e ,  75 

s c o r e  t u r n e d  o u t  t o  be i n s i g n i f i c c i n t .  I;*T.en we exanined t h e  3 e b r l e f i n g  

q u e s t i o n c s i r e ,  computer e x p e r i e n c e  was e i t h e r  exposure  t o  t h e  use  o f  

computer  r e ~ o r t s  o r  a b r i e f  i n t r o d u c t i o n  t o  EAEIC a t  h i g h  s c h o o l .  To 

some e x t e n t  t h e  v a r i a b l e s  a l s o  c o u n t e r a c t  e a c h  o t h e r .  For example,  

c o n s i d e r  t h e  uninclented 1 - i  e l .  It comprised o n l y  p a r t -  t ime  

s t u d e n t s  and t h e  p r o p o r t i o n  wi th  computer e x p e r i e n c e  Pias h i g k e r  t h a n  

t h e  o t h e r  c e l l s ,  t h e r e b y  p o t e n t i a l l y  b i a s s i n g  t k s k  performance 

p o s i t i v e l y .  Cut i $  a l s o  had t h e  l o w e s t  a v e r a g e  TZ s c o r e  and t h e  

h i g h e s t  p ropor t io r .  o f  f emales .  he ~ o s t u l a t e d  t h a t  YE s c o r e  i s  

p o s i t i v e l y  r e l a t e d  t o  t a s k  performance,  and h i s t o r i c a l l y ,  f e m ~ l e s  iriav? 

outperformed males  i n  t e rms  o f  v e r b a l  a b i l i t y  b u t  performed l e s s  w e l l  

i n  t e rms  o f  a n s l y t i c a l  a b i l i t y .  Again,  i t  is u n f o r t u n a t e  t h a t  t h e  

c e l l s  a r e  imbalanced,  b u t  w e  a rgue  t h a t  t a s k  c h a r c c t e r i s t i c s  r a t h e r  

t h a n  Lnd iv idua l  d i f f e r e n c e s  have  been t h e  p r imery  d e t e r m i n a n t s  o f  

performance.  
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9.5 E x t e r n a l  V a l i d i t y  

An exper iment  h a s  e x t e r n a l  v a l i d i t y  i f  i t s  r e s u l t s  ccn  be  

g e n e r a l i z e d  to  t h e  l s r g e r  p o p u l a t i o n  o f  i n d i v i d u a l s  i n  which one  i s  

i n t e r e e t e d  and to o t h e r  e n v i r o r m e n t a l  conditions. Thus, t h e r e  is a c  

i s s u e  o f  p o p u l a t i o n  v a l i d i t y  and an i s s u e  o f  e c o l o g i c a l  v a l i d i t y .  

X i t h  r e s p e c t  t o  p o p u l a t i o n  v s l i d i t y ,  o u r  r e s e a r c h  h s s  s t r e n g t h s  

znd weaknesses .  Ke a r e  concerned wi th  t h e  p o p u l a t i o n  o f  i n d i v i d u a l s  

who p o t e n t i a l l y  w i l l  c a r r y  o u t  some p r o g r a ~ ~ m i n g  i n  t h e i r  l i v e s .  Cur 

sclbj ec ts  were v o l u n t e e r s  who i n d i c a t e d  t h e y  were m o t i v a t e 2  t o  

p a r t i c i p a t e  i n  t h e  exper iment  b ~ c a u s e  o f  t h e i r  deve lop ing  i n t e r e s t  i n  

c o a p i i t e r s .  Thus, t h e y  were members o f  t h e  p o p u l a t i o n  Ln which we were 

i n t e r e s t e d .  K e v e r t h e l e s s ,  we were u n ~ i b l e  t o  s e l e c t  randomly from "Ye 

v o l u n t e e r  g r o u p ,  and c l e a r l y  o u r  v o l u n t e e r  g roup  i s  n o t  a  random 

ssmple  from t h e  e n t i r e  t a r g e t  p o p u l a t i o n  wanting t o  l e a r n  t o  p r o g r a x .  

Witk r e s ~ e c t  t o  e c o l o g i c a l  v a l i d i t y ,  t h e r e  s r e  s e v e r s 1  i s s u e s .  

F i r s t ,  t h e  exper iment  h a s  been coriduc t ed  w i t h  mic ro - languages .  

bihe t h e r  t h e  r e s u l t s  would g e n e r a l i z e  t o  l s n g u n g e s  c o n t a i n i n g  E? f u l l  

r a n g e  o f  programming c a p a b i l i t i e s  i s  a n o t h e r  q u e s t i o n .  Secocii ,  

~ r o g r - m m i n g  i n v o l v e s  u s i n g  o t h e r  l o g i c s 1  c o n s t r u c t s  b e s i d e s  t h e  

c o n d i t i o n a l  c o n s t r u c t .  The Nays ic x h i c h  t h e s e  c o n s t r u c t s  i n t e r a c t  

may be  i m p o r t a n t .  T h i r d ,  We have i r . ~ ~ e s t i g a t e d  performance or'ly f o r  a  

l i m i t e d  range  o f  t a s k s  -- v a r i o u s  cooking problems. C t h e r  t y p e s  o f  

t a s k s  need t o  b e  i n v e s t i g a t e d .  
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1 G. Conc lus ions  

The pr imary o b j e c t i v e  o f  o u r  r e s e s r c h  was t o  g a i n  i n s i g h t  i n t o  

t h e  r e l a t i v e  advan tages  and d i s a d v a n t a g e s  o f  t ~ ; o  ways o f  i m ~ l e m e n t i n g  

cor,3i$iirisl s t r u c t u r e s  i n  programming l anguages :  v i a  n e s t e d  

implementa t ions  o r  v i a  b r a n c h - t o - l a b e l  implementa t ions .  The r e s e a r c h  

i s  r e l e v e n t  t o  t h e  ongoing d e b a t e  w i t h i n  t h e  s t r u c t u r e ?  programming 

L i t e r a t u r e  a s  t o  t h z  m e r i t s  o f  ~ r o h i b i t i r i g  t h e  GijTC s t a t e m e n t .  

>ie h j v e  argued t h a t  t h c  p r i o r  r e s e h r c h  c a r r i e d  o u t  b y  Zime, 

Green,  2nd Guest h a s  two l i m i t a t i o n s :  f i r s t ,  i t  h a s  confounded d e s i g n  

i s s u e s  w i t h  cod ing  3n3 debugging i s s u e s ,  e s p e c i s l l y  i n  t e r m s  o f  t h e  

w~iy c o n d i t i o n a l s  can  b e  implemented i n  t h e  s y r t a x  o f  JU2.P; s e c o n d ,  L t  

i ias f - l i l e d  t o  c o n t r o l  a 2 e q ~ a t e l y  f o r  t h e  e f f e c t s  o f  i n d e n t a t i o n .  Ey 

m o d i f y i r g  t h e  s y n t a x  o f  JUKF t o  i n c r e a s e  i t s  " e c o l o g i c t ; l  v a l i d i t y "  ~ r , 5  

t o  e c e b l e  i n d e n t a t i o r i  t o  b e  c o n t r o l l e d ,  2nd by c o n f i n i c g  t h e  

e x p e r i m e n t a l  t s s k  t o  c o d i n g ,  ue have a t t e m r t e d  t o  e x t e n 3  t h e i r  work. 

Gur r e s u l t s  a r e  somewhat i n  c o n f l i c t  w i t h  t h o s e  o b t a i n e d  by Z i a e ,  

Grecn,  and Guest .  Given i n e x p e r i e n c e d  Frogramrners s t a r t  i i i t h  a coxmor, 

program d e s i g n  and g i v e n  t h e y  a r e  t r s i n e d  ir, how t o  perform t h e  cod ing  

t a s k s ,  we f i n d  no c l e a r - c u t  e v i d e n c e  i n  f a v o r  o f  t h e  n e s t e l  

c o n d i t i o n a l  over  t h e  branch-  t o - l a b e l  c o n d i t i o n a l  f o r  t h e  sequeric irig 

( c o d i n g )  t a s k ,  u n l e s s  t h e  i n d e n t e d  o r  unindented form o f  e a c h  l a n g u a g e  

i s c o n s i d e r e d  a l s o .  I f  i t  i s  a c c e p t e d  t h a t  F -  i s  a  n o r e  

e c o l o g i c a l l y  valLd implementa t ion  o f  c o n d i  t i o r i a l  c o n s t r u c t s  u s i n g  tLc 

GC'PO s t a t e m e n t  than  ;j'i:F, f u r t h e r  r e s e a r c h  n e e d s  t o  b e  u n d e r t a k e n  ir, 

t ~ m s  o f  tlfe t r a c i n g  and t a x o n o a i z i n g  t a s k s .  We s u s p e c t  t h a t  t h e  

s u p e r i o r i t y  o f  t h e  n e s t e d  cor ,3 i t io r , z l  w i l l  tic e s t c l b l i s h e d  Ir, t k ~ s c  
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t a s k s .  

Two o t h e r  i s s u e s  a r i s e  from our r c s e a r c t .  T i r s t ,  l i k e  Sirne, 

Creec ,  and Gues t ,  o u r  r e s u l t s  st,ov t k a t  tk.c r e l e t l - ~ e  tdvin;zges  ~ n d  

6 : ~ ~ 1 d v a r , t ~ g e s  o f  t h e  n e s t e d  c o c d i t i o n a l  v e r s L s  t k e  b r a c c h - t o - l a k e 1  

c c r i d i t i o n ~ l  csrino t b e  c o n s i d t r e 3  i n i c p e n d e c t l y  o f  tile l anguage  ~n  

which tLe  c o n s t r ~ c t s  a r e  implemented. :he s y n t a x  o f  t h e  l t n g ~ z g e  

, p p e s r s  t o  be  i c r l t i c a l  f a c t o r  a f f e c t i n c ;  ti ,e e r r c r  F roneness  o f  tk.e 

l a n g u a g e .  Tjnfor tunate ly  iue kno'v- o f  rio ,'sy t o  i n v e s t i g c t e  t h e  "pure"  

c o f i s t r u c t s  i ~ d e p e n d e n t l y  o f  t k e  l sngt i3ges  i r ,  i c  t h e y  a r e  

i m ~ l e m e n t e d  . 

f i r , 3 l l y ,  o u r  r e s u l t s  show t h e  l s s u e  o f  i n d e n t a t i o n  chrlnot b e  

i g n o r e d .  i i i s  f i n d i n g  rws c o n t r a r y  t o  t k e  f i n d i n g s  o f  p r i o r  r t s e a r c h  

which, a s  y e t ,  h a s  been unab le  t o  e s t a b l i s h  a  s i g n i f i c a n t  e f f e c t  f o r  

indentation, i n  s p i t e  o f  t h e  r e s e e r c h e r ' s  p r i o r  b e l i e f s  ( s e e  [ 2 1 1  f o r  

e summary o f  t k e  r e s e a r c h ) .  2ur r e s u l t s  s u g g e s t  t h r t  i n d e n t a t i o n  mty 

be  b e r i e f i c i o l  xhen redundaricy i s  needed t o  cope x i t k  s complex 

g r . m m a t i c a l  s t r u c t u r e  i n  a  l anguage .  
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- ,I . r * - -  
Lime, Green, and Guest j i ~ ,  --- 

7-7- rn v iio. s u b j e c t s  who completed e x p e r i n e n t  : i+=;,, > >  JKCF 

Lo. s e m a n t i c  e r r o r s  p e r  ~ r o t l e m  : ~UPIP > >  :JEST 

r-' , m e  t a k e n  ~ e r  ~ r o b l e m  : JUXP > >  :;EST 

1 0 .  ;;roblems p e r  s u b j e c t  t a k i n g  l o n g e r  : ;UKP >> KCET 

- -. 
Sime, Green,  2nd Cuest ,23j --- 

o  s u b j e c t s  s u c c e s s f u l l y  
c o m p i ~ t i n g  each problcm : ;li?:P > MEST-;ziE >;iECT-SE 

i;o. s e m ~ n t i c  e r r o r s  p e r  ~ r o b l e m  : JC'I:P >> XEZT-PE >[;EST-1123 

So. s p t a c  t i c  e r r o r s  p e r  problem : 1L'EZT-EE > >  JLXF > NEST-iXE 

E r r c r - f r e e  r rob lems  p e r  s u b j e c t  : J W P  > KEZT-IBh >> ?:EST-BE 

E r r o r  l i f e t i m e s  : ;;ECT-I":E >>JIj:.F > 14zS';-EE 

Green ~ 9 1  -- 

rn , i n , ~  f o r  t r a c i n g  t a s k  : GU1;T > >  ;;SCT-IXE > NEZT- EE 

Tine f o r  taxonomizing t a s k  : JUItP >>IIEfT-BE > >  PiEZT-IFIE 

Late : > >  i n d i c a t e s  a  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  
> i n d i c a t e s  a d i f f e r e n c e  t h a t  i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  

Table  1 : Summary o f  f iesearch Cesul  ts from 
k p e r i m e n t s  by  Sime, Green,  and Guest 
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Y e  2 Cecislon Table  Representatioc of 
Probicrn 5 in Line et 21. ~23: 
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lESf 
---- 

,F nard %litif;;< p e e l  
IF  g r e e n  THEK r o a s t  
STEERVISE g r i l l  

GTIiERW IS E 
IF  t a l l  TI;EI"; chop f r y  
("I;ESx15 E 

I F  j u i c y  YiiCl; b o i l  
CTELZ'ICE r o a s t  

------- 
IF  h s r d  7i:El; 
EECII; p e e l  

IF  g r e e n  YiiEK 
EECII; r o a s t  
EKC 
CT"-- 

L" K. 

ZECIS g r i l l  
r U D  

EIX 
ELLE 
G Z G I I J  

IF  t s l l  "El: 
EEGIii chop f r y  
ESG 
ELSE 
SEGII; 

I F  j u i c  y  TIIEI; 
-7 -" -7 . .  

a,idi,i b o i l  

6LSZ 
9ECIZ r o a s t  
EST, 

EL,G 
EliG 

:;E:T-;?iE 
-------- 

I F  hard  ~ e e l  
I F  g r e e z  r o a s t  
KGT g r e e n  g r i l l  
EKE greer,  

IiGT hard  
IF t a l l  c t o p  f r y  
,,-nc 
 it^, t a l l  

I F  j u i c y  b o i l  
XCT j u i c y  r c s s t  
E1:G j u i c y  

E X  t a l l  
EXI: ha rd  

n ~ s b l e  7: l iested Z o n 2 i t i o n a l  S o l u t i o n s  f o r  
Froblem 5 i n  Cime, e t  a l .  : 2 3 ]  
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---- 
IF hard GGTS L1 
I F  t a l l  GCTG i 2  
I F  j u i c y  GOTO L; 
ro;st s t o p  

L1  ;F g r e e n  GOTO L4 
p e e l  g r i l l  s t o p  

L2 c h o ~  fry s t o p  
L; b o i l  s t o p  
L4 p e e l  r o a s t  s t o p  

------------- 
I? hard GGYG L1 
GZ' IC L4 
- 7 7  L1 ir g r e e n  GGTC i 2  
G9?0 L5 

L2 p e e l  r o a s t  s t o p  
L> p c e l  g r i l l  s t o p  
L4 I F  t a l l  GGTG L 5  

GOTC L6 
L5 chop fry s t o p  
LE I F  juicy C;Ts Ly 

C 2 T C  L t  - - , t o i l  stop 
T5 ro t is t  s t o r  

' h b l e  4: Eranch-to-Label Z o l u t i o n s  f o r  
Problem 5 i n  Zime e t  a l .  [23: 
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...................... 
I F  na rd  G O T  Cl 
GCTC L4 

IF green  G 3 T  L2 
cc'rci L; 
p e e l  r o c s t  s t c p  
p e e l  g r i l l  s t o p  
iF t a l l  GOTC L5 
CGYC L6 
c1,op f r y  s t 0 9  

IF j u i c y  GCTC L7 
GOTC Le 
b o i l  s t o p  
r o a s t  s t o ~  

Table  5 : Inden ted  %ranch-  to-Label  S o l u t i o n  
f o r  Problem 5 i n  Cine  e t  s i .  [23] 
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Table  6 :  I l ec i s ion  Table  R e p r e s e n t a t i o n  
o f  EkperimentaL Problem 
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-------- 
I F  j u i c y  G C T O  1 
CCTC 14 

I F  t a l l  CCTC 2 
G'3';C 5 

IF  l e a f y  CGT9 3 
C3TC 4 
r o a s t  
GGTG 17 
chop 

GOT3 17 
I F  red CCTC 6 
GOTO 13 

IF  hard  GCTO 7 
G i T O  12 
mince 

IF  c r i s p  SCTO 6 
CGTC 1 1  

1% r o o t  C C T G  9 
GCYC 1 C  
p e e l  
GGTI; 17 

f r y  
GC'PC 17 
s team 

C3TO 17 
g r i l l  

GOTC 17 
s l i c e  

GOTC 17 
I F  y e l l o w  C O T C  1: 
COTZ 16 
t;o i 1 
GGTO 17 
g r i l l  p e e l  

T a b l e  7: Language S o l u t i o n s  t o  E e c i s i o n  
Table  Shown i n  Tab le  6 

- - - - - - 
I F  j u i c y  'T:iXI; 

I F  t a l l  TIiEl; 
I F  l e a f y  "I!EI; 
r o a s t  
CTl:EIiir/ IZE 
Ch0 F 

CTIiEE'dIZE 
I F  red  THE:; 

I F  na rd  1I;ET; 
n i n c e  

in c r i s p  ThE:; 

I F  rooT; ','I;L:: 
p e e l  
3TliS3'bi LZE 
f r y  

CPI - 7 r i - - I :  1 1 ; ~ ~  b~ 

s team 
CYI-',ERW I Z E  
g r i l l  

G?'ESI:;+ ;CE 
s l i c e  

CTIiESX 1SE 
I F  y e l l o w  ?HEX 
b o i l  
GTHERW I L Z  
g r i l l  p e l  
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NCET-SE-I 
--------- 
I F  j u i c y  
EEC1;i 

IF t s i l  
EEGIl'; 

IF l e a f y  
ESGIB r o a s t  
EI; C 
ELSE 
ESGI1.I chop 
ESC 

ETZ 
ELSE 
CUCGIL 

I F  red  
EECiti 

IF hard  
EEGII; mirice 

IF c r i s p  
ECCIP: 

IF  r o o t  
i r P -  ubA-. p e e l  
EGC 
EL, E 
ZEGTX f r y  
EKE 

E?;D 

ELZ E 
ECGIX s t e m  
GXC 

EfiC 
ELSE: 
EEGIE g r i l l  
EfiC 

Eli C 
EL2 E 
EEGIB s l i c e  
EE;C 

END 
ELSE 
BEGIN 

I F  y e l l o w  
EEGII: b o i l  
EKC 
ZLSE; 

BEGI?; g r i l l  peel 
EIX 

EKE 

---------- 
IF j u i c y  TXEX 

IF  t a l l  7i:EI"; 
IF l e a f y  TI:Cin; 
r o a s t  
KC'T l e a f y  
c h o ~  
EKE l e s f y  

XCT t a l l  
IF  red  Yi:ES 

IF  ha rd  THE?; 
mince 

IF c r i s p  i'iiZ2; 
I F  r o o t  T>:EX 
~e e l  
?;CY r o o t  

f r y  
EKE r o o t  

KOT c r i s p  
s team 
EFD c r i s p  

KCY hard  
g r i l l  
EKE h a r d  

X0T' red  
s l i c e  
7 7 , - n  

LL,U r ed  
EKE t a l l  

XCT j u i c y  
I F  y e l l o w  TIiEi; 
b o i l  
J:3T y e l l o w  
g r i l l  p e e l  
EKE y e l l o w  

5T;C j u i c y  

Tab le  7 ( c o n t '  d)  : i anguage  E o l u t i o n s  t o  C e c i s i o n  
Tab le  S h ~ i m  i n  Tab le  6 
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I n d e n t e d  2.01 2.36 2.55 2.36 
( .~62) ( .G71 j ( C55; ( 9125: 

Uninrl e n t e d  2.39 2.21 2.41 2.41 
(.c96) ( .~45) ( .CSC~ (.112) 

{ c )  "me Taken 

2nd en  t e d  

Unind en  t ed .I?; . 076 .I80 
/ 

. C97 
\ .  167) ( . IT? )  (.217) (.121) 

( b )  Tiumber o f  Types o f  Syn tax  E r r o r  

Unind en t e d  ,172 C52 .I92 . C66 
(-167) : -1~7; ( .238) (.?43) 

( c )  Number o f  Syn tax  E r r o r s  

I n d e n t  ed -113 -231 .I CC 254 
( .246) ( -33~) [ .029) ( *274) 

Unind e n t e d  -150 .I44 177 . G57 
i.262; ( 0235) (h198) (*154) 

( d )  Xumber o f  Seman t i c  E r r o r s  

T a b l e  €3: 14eans and S t a n d a r d  k v i a t i o n s  f o r  C e ~ e n d e n t  F k a s u r e c  
[ ~ o ~ a r i t ~ i c  T r a n s f o r m a t i o n )  
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Performance I s t  Crder  2nd Grder 5 r d  Crder 4 t h  Crder 
F e a s u r e  Crder  p Crder F 2 r d e r  F Crder r; 

............................................................................. 
r" . ,ime Taken 1 . GC 1 . CG 1 . GG 1 . CG 
50. o f  Types 2 . $2 3 * 69 I . 1 G  C .70 'z 

of  Syntax E r r o r  

2 4 1;o. o f  Zyntax 3 .8E! . C; .89 ; . I ?  
E r r o r s  

K O .  o f  Leaant ic  4 . , I  4 .37 2 . c8 2 . C& ? 7 

E r r o r s  

Table  9 :  Ztep-Cobn T e s t s  f o r  Ferformance l*:easures 

Center for Digital Economy Research 
Stem School of Business 
IVorking Paper IS-82-74 



Fage 62 

I n d e n t e d  

P   able 1C: 1v;eans and E tanda rd  C e v i a t i o n s  f o r  Kunber o f  E r r o r - F r e e  
Problems p e r  Eubjec t 
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JU;Z;P-?.: LE Z T 

Inden ted  7 6 

Unlnd en ted  7 10 

( a )  Ceii S i z e s  

Indented 945 C 923.7 963.1 927.3 
(33.54: (37-3) (34.76) (78.93) 

Unind en t ed  947.9 947.2 943.9 903.6 
(20.47) (42.45) (35.~6) (29.81 > 

( b )  TE Score  - icean and Ctandard Gevia t ion  

Ind en ted  

Unind en ted 

( c )  Percen tage  o f  Females 

Indented C 

Cnindented 0 

( d )  Percen tage  o f  Part-Time Ctuden ts  

Ind en ted  14 . 17 50 .5C 

Unind en t ed  .29 -50 .5c . E€ 

( e )  P e r c e n t a g e  o f  S t u d e n t s  w i t h  Come C o m ~ u t e r  Exper ience  

Table  1 1  : C n a r a c t e r i s t i c s  o f  Z t u d e n t s  P a r t i c i p a t i n g  i n  Experiment 
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Page 64  

Unindented 

Indented 

JUMP-M NEST NEST-BE NEST-INE 

(a) Time Taken 

Figure 1: Language by Inden ta t ion  I n t e r a c t i o n  Ef 
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Page 65 

Inden ted  

JUMP-M NEST NEST-BE NEST-INE 

(b) Number o f  Types o f  Syn tax  E r r o r  

JUMP-M NEST NEST-BE NEST-INE 

( c )  Number o f  Syn tax  E r r o z s  

F i g u r e  1 ( c o n t ' d )  : Language by I n d e n t a t i o n  I n t e r  
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JUMP-M NEST NEST-BE NEST-INE 
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Appendix A:-Keans and S t a n d a r d  D e v i a t i o n s  f o r  I jependent  F e a s u r e s  

Inden ted  418.6 244.4 223.1 237.8 
(79- 17) (41.76) (29.61 ) (76.28) 

(ti) Time Tsken 

I n d e n t e d  67 67 -25 1.11 
(973) ( -84) ( 53: (1.61) 

Unind en  t e d  52 .13 71 .19 
(.GO) (-43) (-91 1 ( -40)  

( b )  Number o f  Types o f  Syn tax  E r r o r  

I n d e n t e d  1 .OC 1.39 29 2.72 
(1.45) (2.341 (-62) (3.38: 

Unind en  t e d  52 33 E3 24 
(.GO) !I *47) (1.24) ( -54) 

( c )  Number o f  Syn tax  E r r o r s  

Inden ted  67 1.33 38 1.11 
(1 *98) (2.17) ( * 7 1 )  (1.61) 

Unind e n t e d  .S1 70 54 .24 
(1 -89) (1.58) ( 0 9 3 )  ( -70) 

( d )  Number o f  Seman t i c  E r r o r s  
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