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1.  Introductio n an d backproun d 

This paper describes our current efforts towards 
th e systemati c improvemen t  o f  a  LOGO-lik e softwar e 
environmen t  calle d SOLO (Eisenstadt ,  1978) ,  whic h 
has bee n use d b y ove r  150 0 Cognitiv e Psycholog y 
student s a t  th e Ope n University .  SOLO i s geare d 
toward s th e manipulatio n o f  aasertiona l  dat a 
bases ,  an d provide s th e student s wit h a  handfu l  o f 
eas y t o us e primitive s wit h whic h the y ca n addres s 
some elementar y problem s o f  knowledg e represen -
tation .  Student s logi n t o on e o f  ou r  DECsystem-20 s 
fro m a  regiona l  stud y centre ,  an d experienc e abou t 
10 hour s o f  hands-o n activit y earl y i n th e 
academi c year .  Late r  on ,  the y atten d a  residentia l 
summer  schoo l  a t  whic h the y ca n acquir e a n 
additiona l  5 0 hour s o f  hands-o n experience . 
Although SOLO is a toy language in some respects, 
th e tota l  use r  environmen t  ha s man y feature s whicV i 
make i t  idea l  fo r  providin g th e vas t  majorit y o f 
our  student s (80 ? o f  who m ar e computer-naive )  wit h 
thei r  firs t  exposur e t o computing .  Among thes e 
feature s ar e a  spellin g corrector ,  syntax-directe d 
editin g aids ,  automatai c displa y o f  dat a bas e 
change s a s the y occur ,  "undo "  facilities ,  an d a n 
easil y modifiabl e user-profile . 
An in-depth analysis of our students' errors 
(Lewis ,  1980 )  ha s le d t o a n improve d desig n t o 
hel p ensur e tha t  beginner s ca n writ e syntacticall y 
correc t  program s wit h a  minimu m o f  fuss .  A  micro -
compute r  implementation ,  whic h use s screen -
oriente d syntax-directe d editin g (of .  Teitelbau m 
*  Reps ,  1980 )  i s bein g pilote d jus t  prio r  t o thi s 
conference . 
Even with SOLO's extensive user aids and carefully 
pre-teste d curriculu m materials ,  ou r  student s 
stil l  experienc e problem s i n writin g program s 
whic h perfor m precisel y a s intended .  Becaus e o f 
this ,  w e hav e undertake n a  detaile d analysi s o f 
thei r  programmin g behaviour .  Ou r  empirica l 
studies ,  describe d i n sectio n 2 ,  hav e highlighte d 
th e us e o f  a  smal l  numbe r  o f  programmin g schema s 
by a  larg e proportio n o f  ou r  students .  Thes e 
schemas serv e a s th e basi s fo r  a n automate d debug -
gin g assistant ,  whic h i s describe d i n sectio n 3 . 
2.  Th e behaviou r  o f  SOLO programmer s 
As part of their SOLO activities at the beginning 
of  th e year ,  ou r  student s ar e aske d t o "writ e a 
progra m whic h make s th e followin g inference :  I f 
someone i s foun d t o b e guilty ,  the n whoeve r  tha t 
perso n work s fo r  i s als o guilty. "  I n solvin g th e 
problem ,  student s ar e invite d t o inven t  thei r  ow n 
dat a structure s an d algorithms .  We analyze d a 
sampl e o f  16 0 studen t  program s t o se e i f  som e 
underlyin g orde r  coul d b e foun d amon g a  potential -
l y  larg e variet y o f  database s an d progra m struc -
tures .  A s i t  turn s out ,  th e program s writte n 
by thes e student s ar e buil t  fro m a  handfu l  o f 
basi c progra m schemas .  Thes e schema s ar e langauge -
independen t  programmin g construct s suc h a s FILTER , 
CONJUNCTION,  SIDE-EFFECT ,  an d GENERATE-HEXT-OBJECT, 
whic h ar e closel y relate d t o thos e foun d i n th e 
LI" P "pla n library "  o f  Shrobe ,  Water s *  Sussma n 
(1979) . 

The students '  database s ca n b e broke n dow n int o 
basi c relationa l  patterns .  Thes e pattern s ar e 
reliabl y associate d wit h particula r  progra m 
structures ,  allowin g u s t o predic t  i n 80 ^  o f  th e 
case s precisel y wha t  th e students '  progra m 
organizatio n wil l  be .  T o illustrat e thi s point , 
conside r  th e followin g typica l  (student-generated ) 
database : 
BURGESS 

' -  —IS A —>COHMUNIST 
I—WASAT—>CAMBRIDGE 
I—WORKSFOR—>PHILBY 

PHILBY 
;  —ISA—>cohmi;nis t 
—-WASAT—>CAHBRIDGE 
—WORKSFOR—>BLUNT 

BLUNT 
I — I S A —>COMMUNIST 
I  —WASAT—>CAHBRIDGE 
I  —WORKSFOR—>THEQUEEN 

This database exhibits the following patterns: 

Transitive-Relation: 
WORKSFOR (BURGESS PHILB Y BLUNT THEQUEEN) 

Shared-Successor: 
(IS A COMMUNIST)  (BURGESS PHILB Y BLUNT) 
(WASAT CAMBRIDGE)  (BURGESS PHILB Y BLUNT) 

Several items (BURGESS, PHILBY, BLUNT) are present 
i n bot h th e Transitive-Relatio n an d th e Shared -
Successo r  lists .  On e o f  th e progra m structure s 
typicall y accompanyin g suc h a  databas e structur e 
contain s thre e segments :  a  CONJUNCTION (COMPLEX-
FILTER) ,  SIDE-EFFECT ,  an d GENERATE-NEXT-OBJECT. 
The Shared-Successor s wil l  b e use d a s a  FILTE R 
selectivel y t o choos e node s o n whic h a  SIDE-EFFEC T 
i s perpetrate d (e.g .  assertin g X  IS A SPY )  an d th e 
Transitive-Relatio n lis t  wil l  b e use d t o GENERATE-
NEXT-OBJECT.  Sinc e th e Shared-Successo r  lis t 
contain s tw o patterns ,  a  COMPLKX-FILTE R wil l 
almos t  surel y b e used :  I F x  is n communis t  AND 
X wasa t  Cambridg e THEN .. . 
But why should a student write a program like this 
i n th e firs t  place ? Ou r  ?inalysi s indicate s tha t 
student s hav e thei r  ow n stylise d interpretations , 
or  menta l  models ,  o f  th e tas k a t  hand .  Fo r 
instance ,  som e student s thin k tha t  a  progra m 
involvin g tw o inference s i s calle d for :  "I f  X  ha s 
done somethin g crimina l  the n h e i s guilty .  An d i f 
thi s i s so ,  the n hi s employe r  i s subjec t  t o th e 
same scrutiny ,  an d s o o n fo r  al l  employers."  Othe r 
student s fee l  tha t  onl y on e inferenc e i s calle d 
for :  "Assumin g X  i s guilty ,  hi s employer ,  b y 
association ,  i s  guilt y also ,  an d s o o n fo r  al l 
employers. " 
The observed program structures ought to 
correspon d t o students '  menta l  model s o f  th e task . 
Some o f  thes e menta l  model s ar e "appropriate'' ,  i n 
tha t  the y addres s th e proble m a s stated ,  whil e 
other s introduc e certai n anomalie s whic h preclud e 
a satisfactor y solution .  Suc h "inappropriate " 
model s coul d actuall y b e artifact s o f  Rt<ident s 
"thinkin g i n SOLO"  an d gettin g le d astray . 
In order to test these ideas we have begun study-
in g individua l  student s i n depth ,  collectin g 
videotape d protocol s an d termina l  sessio n 
transcripts .  Th e firs t  subjec t  bega n he r  projec t 
sessio n wit h th e clea r  intentio n o f  writinp ,  a 
progra m involvin g tw o inferpnces .  Becaus e o f 
preconceive d an d inaccurat e notion s abou t 
constraint s o n th e wa y sh e wa s allowe d t o approac h 
th e proble m an d becaus e o f  misconception s arisin g 
fro m he r  interactio n wit h SOLO,  sh e twic e altere d 
her  intentions .  A t  th e en d o f  th e sessio n th e 
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studen t  ha d a  workin g progra m fo r  a  "one -
inference "  interpretatio n o f  th e tas k describe d 
above ,  a  conpromis e wit h whic h sh e hersel f  wa s no t 
completel y satisfied .  Al l  o f  he r  programmin g 
behavio r  throughou t  thi s session ,  he r  variou s 
ipproache a t o solvin g th e problem ,  an d th e bug s 
she encountered ,  fel l  withi n th e scop e o f  th f 
structure s w e ha d identifie d i n th e earlie r 
analysi s o f  16 0 programs . 
Our ibility to categorize standard database 
structure s an d predic t  implementatio n strategie s 
on th e basi s o f  thos e structure s mean s tha t  w e ca n 
develo p tool s fo r  assistin g student s i n term s o f 
th e wa y i n whic h the y prefe r  t o thin k abou t  th e 
tas k a t  hand .  On e suc h too l  i s  describe d i n th e 
next  section . 
7.  Debuggin g Aid s 
We have designed and partially implemented a 
tutoria l  debuggin g assistan t  whic h attempt s t o 
articulat e th e cause s o f  bug s i n terra s whic h ar e 
clos e t o th e wa y w e believ e th e student s actuall y 
thin k abou t  thei r  ow n implementations .  Th e bug s 
deal t  wit h rang e fro m domai n independen t 
violation s o f  th e semantic s o f  SOLO t o domai n 
specifi c  error s tha t  ca n b e detecte d onl y i f 
knowledg e abou t  th e tas k a t  han d i s used . 
The debugging assistant uses symbolic evaluation 
(cf .  Ruth ,  1976 )  a s a  too l  fo r  (l )  recognizin g 
proceduro n a a part s o f  a  give n "librar y plan" , 
(2 )  detectin g error s o f  th e followin g types : 
unreachabl e progra m steps ,  purposeles s steps , 
referenc e t o absen t  databas e objects ,  infinit e 
recursio n becaus e o f  a  missin g o r  unsatisfiabl e 
terminatio n condition . 

In the tutorial situation, a student's goal is to 
writ e a  progra m t o accomplis h som e modellin g task . 
The debuggin g assistan t  i s provide d wit h a  proto -
typica l  solutio n i n term s o f  a  canonica l  effec t 
description .  Th e tas k o f  th e assistan t  i s t o 
recogniz e a  matc h betwee n th e canonica l  effec t 
descriptio n an d a n effec t  descriptio n derive d fro m 
th e student' s ow n program . 
In penoral these will not match, and the nature of 
th e deviatio n wil l  enabl e th e assistan t  t o dra w 
th e studpnt' a attentio n t o shortcoming s o f  hi s o r 
her  progra m whic h may b e classifie d i n th e 
followin g way : 
- The program will achieve the desired effect only 

i n certai n cases .  A  counter-exampl e outsid e thi s 
rang e ca n provok e th e studen t  t o discove r  th e 
cause . 

- The program would work if missing data or 
inconsisten t  entrie s i n th e dat a bas e wer e 
corrected .  Thes e correction s ca n b e pointe d 
out  directly . 

A partic\ilar sub-procedure, if corrected using 
heuristic s abou t  typica l  error s (e.g .  missin g 
indirec t  link ,  violatio n o f  a  progra m schema) , 
woul d mak e th e overal l  progra m correct .  I n thi s 
case ,  » n appropriat e hin t  ca n b e provide d fo r 
th e st\ident . 

None of the above. 

In the last case, the student may initiate a 
dialogue ,  reqiiestin g hel p o n a  particula r 
procedure .  Durin g th e dialogu e th e asr̂ î tan t  trie s 
t o fin d ou t  th e intende d effec t  o f  tha t  procedur e 
(Eisenstad t  *  Laubsch ,  1980) .  I t  doe s thi s b y 
categorizin g th e procedur e int o on e o f  severa l 
programmin g schema s store d i n a  langunge -
independen t  "pla n library" ,  usin g a  notatio n 
develope d b y Ric h «  Shrob e (1978) . 

Conside r  th e cas e i n whic h th e neares t  matchin g 
schema i a "conjunctiv e filte r  an d sid e effect" . 
The assistan t  examine s th e deviatio n betwee n th e 
user' s procedur e an d th e store d schema .  Th e 
followin g violation s o f  th e us e o f  tha t  schem a ma y 
be recognized :  omissio n o f  a  conjunct ,  omissio n o f 
th e sid e effect ,  wron g (o r  transposed )  argument s 
i n th e slot s o f  th e schema ,  o r  wron g contro l  flo w 
links .  Th e assistan t  ca n describ e thes e violation s 
i n term s whic h th e studen t  ca n relat e to ,  sinc e 
th e librar y plan s ar e themselve s base d upo n 
schemas know n t o occu r  i n students '  code . 

Since the students' procedures depend on their 
databases ,  an d vic e versa ,  th e debuggin g assistan t 
relie s heavil y o n domain-specifi c  knowledg e t o 
deal  wit h alternativ e way s o f  formulatin g a 
solutio n t o a  give n problem .  Althoug h th e student s 
hav e a  grea t  dea l  o f  freedo m t o choos e way s o f 
implementin g solutions ,  the y typicall y resor t  t o a 
fe w common approaches .  Th e assistan t  know s abou t 
these ,  an d use s thes e bot h t o mak e sens e o f  wha t 
th e student s ar e attemptin g an d t o explai n wh y 
the y hav e gon e astray . 
4.  Conclusion s 

Our experience with SOLO leads us to believe that 
a SOLO-lik e language/environment/curriculu m coul d 
be o f  us e t o a  broade r  grou p o f  cognitiv e scienc e 
students — fo r  instanc e a s th e basi s o f  a 
beginners '  LIS P curriculu m oriente d entirel y 
toward s pattern-matchin g an d assertiona l  dat a 
bases .  Fo r  thi s t o becom e a  reality ,  i t  i s 
importan t  t o understan d precisel y wha t  remainin g 
problem s student s hav e i n thi s typ e o f  environ -
ment ,  an d why .  Ou r  empirica l  wor k i s a  ste p i n 
thi s direction .  I t  ha s immediat e spinoff s i n tha t 
i t  provide s a  foundatio n fo r  ou r  debuggin g 
assistant .  Th e assistan t  provide s student s wit h a 
too l  fo r  attainin g thei r  goals ,  an d provide s u s 
wit h a  too l  fo r  analyzin g an d describin g thei r 
behaviour . 
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