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Natura l  Proble m Solvin g Strategie s 
and 

Programmin g Languag e Construct a (1 ) 

Jeffre y Bona r 
Compute r  an d Informatio n Scienc e Departmen t 

Universit y o f  Massachusett s 
Amherst ,  Massachusett s 0100 3 

1.  Introductio n 

Any Interesting computerized task soon 
involves  programming .  Experienc e wit h statistic s 
packages ,  wor d processing ,  an d eve n microwav e oven s 
shows tha t  w e alway s wan t  ou r  system s t o b e abl e t o 
follo w a  step-by-ste p specificatio n Involvin g 
decision s an d repeate d actions .  Eve n wit h a  ver y 
Intelligen t  computerize d assistant ,  w e woul d lik e 
t o giv e I t  detaile d instruction s a t  a n appropriat e 
leve l  o f  abstraction . 
This ubiquity of programming presents a 
problem ,  however .  I t  i s  widel y know n tha t 
programming ,  eve n a t  a  simpl e level ,  i s  a  difficul t 
activit y t o learn .  {2 )  Vfha t  i s i t  abou t  thi s 
cognitiv e skil l  tha t  i s  s o difficult ? I s i t 
inheren t  i n prograouning ,  o r  directl y relate d t o th e 
natur e o f  th e programmin g tool s currentl y use d fo r 
novices ? I n thi s repor t  w e wil l  presen t  evidenc e 
tha t  curren t  programmin g language s d o no t 
accuratel y reflec t  huma n proble m solvin g strategie s 
develope d i n a  contex t  o f  step-by-ste p natura l 
languag e specification .  Thi s evidenc e wa s gaine d 
by studyin g novic e compute r  program s collecte d fro m 
thei r  termina l  session s [Bona r  e t  al .  1982] , 
video-tape d interview s o f  novice s programming ,  an d 
writte n studie s focusin g o n specifi c  aspect s o f 
novic e programmin g techniques .  13 ) 
Step-by-step natural language specification 
provide s powerfu l  Intuition s fo r  novic e programmer s 
usin g a  prograomln g language .  We hypothesi s tha t 
thes e Intuition s tak e th e for m o f  frame-lik e plan s 
-  regula r  bu t  flexibl e technique s fo r  specifyin g 
how t o accomplis h a  task .  Prograoaln g knowledg e 
als o involve s frame-lik e plan s CSolowa y e t  al , 
1982 ]  [Waters ,  1979] .  Whil e a n individua l 
programmin g languag e pla n may hav e man y lexica l  an d 
syntacti c similaritie s t o a  correspondin g natura l 
languag e plan ,  th e tw o plan s ofte n hav e 
incompatibl e semantic s an d pragmatics .  Man y novic e 
programmer' s misconception s deriv e directl y fro m 
thes e incompatibilities . 

In this brief report we will show an example 
of  natura l  languag e an d programmin g languag e 
plans .  Usin g thos e plan s w e wil l  discus s a 
transcript s o f  novic e programmer s usin g a  natura l 
languag e plan s whil e attemptin g a  programmin g 

languag e problem .  We conclud e wit h a 
discussio n o f  th e implication s o f  thi s work . 

brie f 

(1 )  Thi s wor k wa s supporte d b y th e Nationa l 
Scienc e Foundatio n unde r  NSF Gran t  SED-81-12U03 . 
Any opinions ,  findings ,  conclusions ,  o r 
recommendation s expresse d i n thi s repor t  ar e thos e 
of  th e author ,  an d d o no t  necessaril y  reflec t  th e 
view s o f  th e U.S .  Government . 
(2) Our own conservative estimate from several 
introductor y programmin g course s i s tha t  mor e tha n 
1)0 1 o f  th e conscientiou s student s neve r  reall y 
understan d th e rudiment s o f  programming . 
(3) Du Boulay and O'Shea [1981] present an 
excellen t  overvie w o f  researc h int o ho w novice s 
lear n programming . 
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2.  A  Mismatc h B e t w n a  Natura l  Languag e Pla n an d 
a Progra m 

Consider the following problem: 

Probl e 1: Pleas e writ e a  se t  o f 
explici t  instruction s t o hel p a  Junio r 
cler k collec t  payrol l  informatio n fo r  a 
factory .  A t  th e en d o f  th e nex t 
payday ,  th e cler k wil l  b e sittin g i n 
fron t  o f  th e factor y door s an d ha s 
permissio n t o loo k a t  employe e pa y 
checks .  Th e cler k i s t o produc e th e 
averag e salar y fo r  th e worker s wh o com e 
out  o f  th e door .  Thi s averag e shoul d 
Includ e onl y thos e worker s wh o com e ou t 
befor e a  superviso r  come s out ,  an d 
shoul d no t  Includ e th e supervisor' s 
salary . 

The following natural language specification for 
thi s problem ,  writte n b y one  o f  ou r  subjects ,  i s 
typical : 
1. Identify worker, check name on 

list ,  chec k wage s 
2.  Writ e i t  dow n 
3.  Wal t  fo r  nex t  worker ,  identif y 

next ,  chec k name ,  an d s o o n 
4.  When supe r  come s out ,  sto p 
5.  Ad d nuobe r  o f  worker s you'v e 

writte n dow n 
6.  Ad d al l  th e wage s 
7.  Divid e th e wage s b y th e numbe r 

of  worker s 
There are several natural language specification 
plan s use d here .  Not e ho w step s 1  throug h 4 
specif y a  loop :  step s 1  t o 3  describ e th e firs t 
iteratio n o f  th e loop ,  indicatin g repetitio n wit h 
th e phras e "an d s o on" .  Ste p 1  add s a  stoppin g 
condition ,  assimiin g tha t  thi s conditio n wil l  ac t  a s 
a "demon" ,  alway s watchin g th e actio n o f  th e loo p 
fo r  th e exi t  conditio n t o becom e true .  Th e 
specificatio n als o assume s "canne d procedures "  fo r 
countin g inputs ,  ste p 5 ,  an d fo r  summin g a  serie s 
of  numbers ,  ste p 6 .  Not e however ,  tha t  thes e tw o 
procedure s ar e bot h denote d wit h th e wor d "add" . 
Now focus on the two actions performed in 
step s 1  an d 2 .  Th e pla n t o describ e thes e action s 
i s "ge t  a  valu e (ste p 1) ,  an d proces s tha t  valu e 
(ste p 2 ) " .  Thi s pla n i s nearl y universa l  i n thi s 
sor t  o f  description .  Unfortunately ,  man y 
programmin g language s suppor t  a  fa r  les s natura l 
plan :  "proces s th e las t  value ,  ge t  th e nex t  value" . 
To se e wh y thi s i s so ,  conside r  a  proble m analogou s 
t o Proble m 1  bu t  i n a  programmin g languag e domain : 
Problem 2: Write a program which 

repeatedl y read s i n integer s unti l  i t 
read s the y Intege r  99999 .  Afte r  seein g 



99999 .  i t  shoul d prin t  ou t  th e correc t 
average .  Tha t  is ,  i t  shoul d no t  coun t 
th e fina l  99999 . 

In Pascal, a popular novice progranmlng languag*, 
th e correc t  solutio n t o Proble m 2  is : 

begi n 
Count  : = Coun t  •  1 
Tota l  : s Tota l  •  I 
A««4 Jri ^  <cro3se d out > 
end 

progra m ProbleiD_2_Expert ; 
var  Count ,  Total .  Mew :  integer ; 
begi n 
Count  : i  0 ;  Tota l  : = 0 ; 
Read (New) ; 
whil e Ne w < > 9999 9 

do begi n 
Count  : = Coun t  *  1 ; 

Tota l  : = Tota l  +  New; 
Read (New ) 
end; 

i f  Coun t  >  0 
the n 

Writel n ('Averag e =•.Total/Count ) 
els e 

Writel n ('M o data.' ) 
end . 

and a  transcrip t  o f  th e subjec t  discussin g thi s 
progran : 

S: If I put a nunber in [at the top of the 
loop] ,  i t  come s throug h [th e loo p body] .  I 
don' t  thin k I  wan t  [th e insid e Read ]  rea d 
again ,  I  wan t  i t  rea d u p [a t  th e to p o f  th e 
loop ]  .. .  I f  I  rea d i t  [a t  th e botto m o f  th e 
loo p body] ,  what' s tha t  goin g t o d o fo r  me ? 
It' s no t  goin g t o d o anythin g fo r  me .  OK,  i f 
I  com e ou t  o f  th e loop ,  havin g entere d [ a 
value] ,  finis h al l  [th e loo p body] ,  the n i f  I 
rea d i n anothe r  on e [point s t o Rea d abov e th e 
while ,  trace s a  flo w fro m tha t  outsid e Rea d 
down throug h th e loop] .  I  gues s wha t  I  nee d 
t o figur e ou t  i s ho w d o I  ge t  bac k u p her e 
[point s t o th e Rea d abov e th e while] . Notic e th e peculia r  whil e loo p construction . 

Becaus e a  whil e loo p test s onl y a t  th e to p o f  th e 
loop ,  i t  I s necessar y t o hav e a  Rea d bot h abov e th e 
loo p an d a t  th e botto m o f  th e loop .  Withi n th e 
loo p w e se e th e pla n "proces s th e las t  value ,  rea d 
th e nex t  value" .  Thi s pla n i s  par t  o f  th e 
knowledg e use d b y experience d Pasca l  programmers . 
Do novic e programmer s easil y acquir e suc h a  plan ? 
Apparently ,  no . 
First of all, novices want the while to have a 
demon lik e structure .  Consider ,  fo r  example ,  th e 
followin g transcript : 
S: How do I get [the while loop] to do that over 

again ? See ,  I  gues s I  don' t  know ,  I  though t 
I  ha d it .  What  happen s now ,  ho w d o I  ge t  i t 
t o g o back ? .. .  I  sa y t o myself ,  wh y woul d 
i t  d o [th e whil e test ]  afte r  [th e las t  lin e 
of  th e loo p body] ? I t  seem s t o me tha t  i t 
woul d d o i t  a s soo n a s th e [variabl e teste d 
i n th e whil e condition ]  changes .  .. . 

I: So how will the while statement behave? 
S: Again, total guess here, I'm saying the while 

statement ,  here' s a  logica l  gues s 
everytim e [th e variabl e teste d i n th e whil e 
condition ]  i s  assigne d a  ne w value ,  th e 
machin e need s t o chec k tha t  valu e .. . 

The subjects "logical guess" is that the while 
behave s lik e a  demo n an d no t  a s a  specifi c  testin g 
ste p amon g othe r  steps .  Thi s i s  oonsistan t  wit h 
Englis h phrase s lik e "whil e yo u ar e o n th e highway , 
watc h fo r  th e Northfiel d sign" .  Solowa y e t  a l 
[1981a ]  repor t  tha t  31 X o f  a n introductor y 
programmin g cours e ha d th e "whil e demon " 
misconception . 
Novices also try to implement the "get a 
value ,  proces s tha t  value "  plan ,  eve n thoug h the y 
ar e programmin g i n Pascal .  Consider ,  th e followin g 
novic e progra m fragment . 

var  Count .  Total ,  I  :  integer ; 
begi n 
Count  : = 0 
Tota l  : = 0 
Writel n ('Ente r  integer' ) 
Read (I ) 
whil e I  < > 9999 9 d o 

The subjec t  want s t o pu t  th e Rea d a t  th e to p o f  th e 
loop ,  makin g th e tes t  i n th e middl e o f  th e loop . 
Thi s allow s th e "ge t  a  value ,  proces s tha t  value " 
plan .  I n a  separat e stud y Soloway ,  e t  a l  [1981b ] 
sho w tha t  a  ne w Pasca l  loopin g construc t 
supportin g thi s pla n significantl y improve d novic e 
and intermediat e performanc e wit h Proble m 2 . 

3.  Concluaion s 

The implication of these results is not simply 
t o mak e syntacti c fixe s t o prograDmln g languages . 
Instead ,  w e ar e suggestin g tha t  th e knowledg e 
peopl e brin g fro m natura l  languag e ha s a  ke y effec t 
on thei r  earl y programmin g efforts .  Shneiderma n 
and Maye r  [1979 ]  hav e propose d a  mode l  o f 
programme r  behavio r  base d o n languag e specifi c 
knowledg e (whic h the y cal l  "syntactic" )  an d mor e 
genera l  programmin g knowledg e (calle d "semantic") . 
Our  result s sugges t  tha t  ther e i s a  thir d bod y o f 
"natura l  languag e step-by-ste p specificatio n 
knowledge "  whic h strongl y influence s novic e 
programmin g behavior . 
Miller [1981], Green [1981], and others have 
previousl y looke d a t  step-by-ste p natura l  languag e 
specifications .  The y concentrate d o n lookin g a t 
th e suitabilit y o f  natura l  languag e fo r  directin g 
computers .  Base d o n th e ambiguitie s an d complexit y 
limitation s o f  natura l  language ,  the y conclude d i t 
woul d b e quit e difficul t  t o "program "  i n natura l 
languages .  Here ,  w e ar e no t  contradictin g tha t 
result ,  bu t  extendin g it .  We ar e findin g tha t 
•novic e programmer s d o us e natura l  language ,  eve n 
when the y thin k the y ar e usin g a  programmin g 
language . 
There are several implications of this work 
fo r  progranmln g education .  We ar e beginnin g t o 
explai n man y novic e programmin g error s throug h th e 
ide a o f  natura l  languag e step-by-ste p specificatio n 
plans .  Th e qualit y o f  thes e explanation s ha s 
prove d importan t  i n th e developmen t  o f  a  tuto r  t o 
do intelligen t  compute r  assiste d instructio n o f 
programmin g [Solowa y e t  al ,  1981c] .  I n th e future , 
we hop e t o exten d th e tuto r  t o understan d a 
stylize d for m o f  thes e natura l  languag e plans . 
Finally, what Is the key to cognitively 
appropriat e novic e computin g systems ? Ou r  wor k 
suggest s tha t  w e nee d seriou s stud y o f  th e 
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knowledg e novice s brin g t o a  computin g syatem . 
For  mos t  computerize d task s ther e I s som e mode l 
tha t  a  novic e wil l  us e I n hi s o r  he r  firs t 
attempts .  We nee d t o understan d whe n I s I t 
appropriat e t o appea l  t o thi s model ,  an d ho w t o 
move a  novic e t o som e mor e appropriat e model . 

Acknowledgement s -  My deepes t  thank s t o Ellio t 
Soloua y fo r  hi s suppor t  an d guidance .  I  woul d als o 
lik e t o than k Joh n Clemen t  fo r  hi s critica l 
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