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TOWARD A  THEORY O F i*ROGRAMMING SCHEMES 

Jane Terry Nutter 

Tulan e Dnlverslt v 

Introductio n 

People have been writing programs and program docimentatlon for about forty 
year s now .  Fo r  Jus t  a s long ,  peopl e hav e ha d t o rea d thes e progra m texts . 
Becaus e programmin g language s wer e initiall y  designe d fo r  machines ,  no t  people , 
understandin g program s present s specia l  problem s whic h persis t  despit e th e mov e 
towar d hig h leve l  language s an d structure d programming .  Wit h progra m documen -
tation ,  th e proble m I s perhap s worse :  whil e programmin g language s becom e pro -
gressivel y mor e "Englis h like" ,  docunentatio n ha s bee n movin g i n th e opposit e 
direction .  Pseud o cod e an d graphica l  representation s ar e replacin g natura l 
languag e explanations ,  suggestin g tha t  understandin g program s ma y no t  b e par -
ticularl y lik e understandin g familia r  natura l  languag e text s a t  all . 

The fundamentally djmamic nature of programs supports this suggestion. Ordi-
nar y natura l  languag e text s certainl y Includ e dynami c aspect s (verbs ,  fo r  in -
stance!) ,  bu t  noun s provid e a  stabl e elemen t  whic h help s ancho r  meaning .  Pro -
grams conspicuousl y lac k nouns .  A  differenc e o f  thi s magnitud e mus t  affec t  ho w 
we understan d them .  Ye t  understandin g progra m text s mus t  als o resembl e under -
standin g natura l  languag e texts ,  sinc e learnin g t o dea l  wit h program s draw s o n 
previousl y develope d skills ,  som e o f  the m readin g skills .  I  believ e tha t  un -
derstandin g i n genera l  i s  guide d b y abstrac t  concepts ,  an d tha t  progra m under -
standin g share s thi s trait .  Bu t  i n th e cas e o f  progra m understanding ,  th e con -
cept s i n questio n ar e abstrac t  pattern s fo r  dynami c activities ,  whic h I  cal l 
programmin g schemes . 

Scheaes and Representations 

A programming scheme is an abstract structure which captures the essential fea-
ture s o f  a  djrnami c proces s t o solv e som e problem .  Thes e scheme s contai n th e 
conceptua l  informatio n o f  wha t  a  particula r  chun k o f  cod e does .  Bu t  becaus e 
the y ar e abstract ,  the y ar e neve r  directl y presen t  i n an y particula r  program -
min g text .  A  particula r  Instantiatio n i n som e concret e for m i s a  schem e repre -
sentation .  Th e underlyin g pattern s (schemes )  provid e template s b y whic h peopl e 
understan d program s containin g embodiment s o f  the m (schem e representations) . 

Researchers In natural language understanding have long believed that abstract 
cognitiv e pattern g guid e tex t  understanding .  Schan k an d Abelso n (1977 )  hol d 
tha t  script s gover n stor y understanding .  Schan k (1982 )  propose s tha t  memor y 
organizatio n packet s (MQpS )  an d themati c organizatio n point s (TOPS )  underli e 
memory an d cognition .  Similarl y Chas e an d Simo n (1973) ,  Shneiderma n (1976 )  an d 
Adelso n (1981 )  argu e tha t  expert s us e meaningfu l  abstrac t  formation s i n thei r 
domai n o f  expertis e t o recal l  thing s the y wer e give n t o memorize . 

Researchers have also begun to Investigate the role of schemes or something 
lik e the m i n programme r  behavior .  Solowa y ha s undertake n extensiv e wor k I n 
thi s directio n (se e e.g .  Solowa y an d Woolf ,  1981 ;  Soloway ,  Ehrlich ,  Bona r  anr i 
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Greenspan, 1982; Ehrllch and Soloway, 1982; and Soloway, Ehrllch, and Gold, 
1983) .  Furthe r  evidenc e tha t  abstrac t  construct s gover n progranmln g behavio r 

ca n b e foun d I n wor k b y Welse r  (1982) ,  Curti s an d Sheppard' s grou p (se e e.g . 
(Jurtls ,  Sheppard ,  Mllllman ,  Borst ,  an d Love ,  197 9 an d Sheppard ,  Mllllman ,  an d 
Love ,  1979) ,  an d Mage l  (1982) .  Ye t  eve n Soloway' s extensiv e wor k leave s 
Sjcheme s themselve s largel y unanalyzed .  We canno t  us e progranmln g scheme s t o 
explai n ho w peopl e understan d progra m text s unles s w e understan d programmin g 

schemes .  T o date ,  n o clea r  accoun t  o f  wha t  programmin g scheme s are ,  ho w the y 
ar e relate d t o on e another ,  ho w the y ar e relate d t o thei r  representations ,  o r 
bow the y ar e Identifie d ha s bee n given .  Henc e w e hav e neithe r  a  theor y t o 
unif y thes e result s no r  a  mode l  fo r  predictin g huma n Interaction s wit h parti -
cula r  scheme s o r  thei r  representations . 

Why a Theory? 

An analysis of programming schemes offers several benefits. First, It should 
produc e a  cleare r  characterizatio n o f  schemes .  T o sa y tha t  a  programmin g 
scheme I s a n abstrac t  proces s templat e I s suggestive ,  bu t  littl e more .  What 
propertie s o f  programmin g scheme s distinguis h the m fro m othe r  abstrac t  concept s 
end objects ? 

Second, It should clarify the kinds of possible relationships among schemes. 
For  Instance ,  scheme s ca n contai n othe r  schemes :  th e "merg e an d sort "  schem e 
contain s th e "fil e merge "  schem e an d th e "fil e sort "  scheme .  Bu t  th e "merg e 
and sort "  schem e i s no t  a n Instanc e o f  th e "fil e merge "  scheme ,  no r  i s th e 
"fil e merge "  a n Instanc e o f  "merg e an d sort" .  However ,  th e scheme s "multipli -
catio n b y repeate d addition" ,  "divisio n b y repeate d subtraction" ,  an d "exponen -
tiatio n b y repeate d multiplication "  d o see m t o b e instance s o f  a  mor e abstrac t 
scheme ,  namel y "perfor m on e operatio n b y rei>eatln g another" .  Henc e scheme s ca n 
be relate d t o on e anothe r  i n a t  leas t  tw o ways :  containmen t  an d Instantiation . 
What  othe r  relationship s o r  interaction s amon g scheme s nee d investigating ? 

Third, the theory should provide Insight on how schemes are "tied" to scheme 
representations .  Th e classe s o f  feature s whic h ar e importan t  ca n t o som e ex -
ten t  b e identifie d fro m a n abstrac t  poin t  o f  view .  What  follow s i n th e res t  o f 
thi s pape r  represent s a  firs t  ste p i n thi s direction .  A  theoretica l  analysi s 
shoul d loo k furthe r  int o thes e an d othe r  issues . 

Frellmlnary Issoes of Scheae/Representation Relationships 

At least four issues arise when considering how schemes are related to their 
representations .  First ,  wha t  propertie s o f  a  representatio n identif y i t  a s 

representin g a  particula r  scheme ? I  cal l  thes e th e identifyin g feature s o f  a 
scheme representation .  Second ,  wha t  feature s d o peopl e us e t o identif y scheme s 
fro m representations ? Thes e trigger s ma y no t  b e th e sam e as ,  o r  eve n among , 
th e identifyin g features .  Third ,  wha t  feature s ar e reader s consciou s o f  whe n 
considerin g code ? Thes e o b ject s o f  attentio n ma y b e neithe r  Identifyin g fea -
ture s no r  triggers .  Finally ,  ho w effectivel y doe s a  particula r  representatio n 
reflec t  it s  associate d scheme ? I  cal l  thi s issu e representationa l  fidelity . 

Understanding texts Involves trying to figure out what the author meant. For 
progra m texts ,  thi s mean s determinin g wha t  scheme s th e autho r  ha d i n mind . 
Documentatio n canno t  eliminat e thi s nee d t o "loo k int o th e author' s head" , 
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since it too contains representations, not schemes. Identifying schemes in 
progra m text s require s matchin g feature s o f  th e representation s t o possibl e 
schemes .  An d sinc e programmer s mak e mistakes ,  th e representatio n ma y no t 
"reflect "  th e programmer' s Intent .  When i t  fail s  to ,  tw o question s arise . 
First ,  wha t  doe s th e representatio n represent ? Second ,  an d mor e basically , 
what  doe s "understandin g th e text "  no w mean ? I f  debugger s us e scheme s t o un -
derstan d "bad "  progra m texts ,  ther e mus t  b e som e Independen t  criteri a whic h 
lin k representation s wit h Bcheroes .  Thes e criteri a ar e th e Identifyin g feature s 
of  schem e representations . 

But we only need Independent criteria when something goes wrong. When reading 
"normal "  o r  "good "  texts ,  ther e I s reaso n t o believ e tha t  peopl e us e mor e dir -
ect  "cues "  t o recogniz e schemes .  What  I s require d her e i s a n accoun t  o f  ho w 
human reader s interac t  wit h th e variou s feature s o f  a  representation .  Identi -
fyin g o r  otherwise .  (Fo r  mor e o n triggers ,  se e Hassel l  an d Nutter ,  1984. ) 

However, triggers need not always be objects of attention. In a directed pre-
stud y experimen t  (Hassel l  an d Llnd ,  1983 ;  Hassell ,  Lln d an d Rice ,  1983) ,  40 % o f 
siAJect s aske d t o identif y th e line s o f  pseud o cod e tha t  constitute d a  "runnin g 
stin "  loo p lef t  ou t  th e loo p construc t  itself !  Thu s i t  appear s tha t  reader s ma y 
not  b e awar e o f  essentia l  part s o f  a  scheme ,  i.e. ,  tha t  the y tak e certai n part s 
so muc h fo r  grante d tha t  the y d o no t  spontaneousl y recal l  the m whe n aske d t o d o 
so .  Bu t  i n associate d one-on-on e studie s i n whic h subject s observe d debuggin g 
cod e wer e aske d t o describ e ou t  lou d wha t  the y wer e doing ,  th e loo p construc t 
playe d a  ke y triggerin g role .  Thu s trigger s an d object s o f  awarenes s nee d no t 
correspond . 

While some Issues of understandability lie In the psychological realm, some 

relat e t o ho w "good "  particula r  representation s are .  Informa l  evidenc e abound s 
tha t  som e representation s reflec t  thei r  functio n relativel y clearly ,  whil e 
other s obscur e I t  wit h remarkabl e success .  A  fe w studie s hav e compare d th e 
effectivenes s o f  particula r  mode s o f  representatio n (se e e.g .  Sheppard ,  Kruesl , 
and Curtis ,  1981) ,  bu t  w e stil l  kno w almos t  nothin g abou t  whic h aspect s o f  rep -
resentation s contribut e t o representationa l  fidelity . 

Conclusion 

This paper constitutes a proposal for investigations into the nature and role 
of  programmin g scheme s an d thei r  representations .  Interes t  i n scheme s o r  som e 
simila r  construc t  ha s emerge d fro m a  numbe r  o f  differen t  group s an d ha s alread y 
motivate d substantia l  empirica l  work .  Bu t  withou t  a  cleare r  notio n o f  wha t 
schemes ar e an d o f  ho w the y ar e relate d t o thei r  representations ,  thes e studie s 
must  res t  o n shak y ground .  A n Improve d foundationa l  analysi s offer s enhance d 
understandin g o f  th e rol e abstrac t  knowledg e play s I n progra m understanding , 
whic h ca n the n b e exploite d bot h t o sugges t  th e rol e o f  relate d abstrac t  know -
ledg e i n othe r  kind s o f  understandin g an d t o provid e ric h ne w direction s fo r 
futur e research . 
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