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Acces s a n d U s e o f  Previou s Solution s 

I n A  P r o b l e m Solvin g Situatio n 

Jeremia h M .  Parie s 

Bria n J .  Reise r 

Cogni t iv e Sc ienc e Labora tor y 

Princeto n Universit y 

Abstract :  A n importan t  componen t  o f  proble m solvin g i s th e abilit y  t o m a k e us e o f  previou s examples . 

Thi s require s noticin g th e relevanc e betwee n th e curren t  an d previou s problems .  W e examin e th e rol e 

of  th e superficia l  an d structura l  relation s amon g problem s an d th e reminding s tha t  thes e similaritie s eli -

ci t  i n a  proble m solvin g situation .  Student s learne d t o progra m i n a n electroni c boo k environmen t  i n 

whic h the y wer e abl e t o stor e an d late r  retriev e solve d problems .  Thei r  us e o f  jM-eviou s solution s sug -

gest s tha t  novice s ar e indee d sensitiv e t o structura l  similaritie s an d ca n us e retrieve d solution s i n n e w 

proble m situations . 

Most  model s o f  proble m solvin g assum e tha t 

wel l  learne d cognitiv e skill s  rel y o n procedure s tha t 

hav e bee n generalize d throug h us e t o appl y t o a 

variet y o f  problem s tha t  m a y diffe r  o n irrelevan t 
feature s (e.g. ,  Anderson ,  1983 ;  Laird ,  Rosenbloom ,  & 

Newell ,  1986) .  Befor e thes e procedure s hav e bee n 

sufficientl y generalize d an d tuned ,  however ,  proble m 

solver s i n th e earl y stage s o f  learnin g a  domai n m a y 

rel y o n retrievin g a  previousl y solve d proble m an d 
the n modifyin g th e solutio n t o fit  a  curren t  proble m 

(LeFevre ,  1987 ;  Ross ,  1984 ;  PiroU i  &  Anderson , 

1985) .  I n contras t  t o procedura l  model s o f  proble m 

solving ,  expertis e ha s als o bee n characterize d a s th e 

abilit y t o acces s an d modif y previou s solution s t o fit 
ne w problem s (e.g. ,  Kolodner ,  1987 ;  H a m m o n d, 

1986 ;  Ashle y &  Rissland ,  1987) .  I n thes e case-base d 

reasonin g models ,  eve n expert s i n a  domai n m a y rel y 
on modifyin g a  previou s solutio n rathe r  tha n applyin g 

genera l  procedures . 

Novice s i n a  domai n presen t  a n interestin g 

challeng e fo r  model s o f  case-base d reasoning .  Learn -

in g abou t  a  domai n provide s th e knowledg e t o organ -
iz e an d encod e th e feature s o f  a  proble m importan t  t o 

th e structur e o f  it s solution ,  s o tha t  i t  ca n b e retrieve d 
late r  i n appropriat e circumstances .  Experts ,  however , 

may nee d t o rel y les s o n reminding s tha n novices , 

w ho hav e no t  ye t  forme d generalize d procedures . 
The abilit y t o retriev e relevan t  previou s solution s i s 
particularl y crucia l  fo r  novice s i n a  domain .  Ye t 

novice s m a y b e misle d b y unimportan t  superficia l 
similaritie s betwee n th e proble m unde r  curren t  con -

sideratio n an d previousl y encountere d problems . 

Severa l  recen t  studie s hav e examine d th e con -

dition s unde r  whic h case-base d reminding s ar e likel y 

t o occur .  S o m e studie s hav e show n tha t  th e surfac e 

feature s o f  a  give n proble m o r  stor y hav e a  majo r 

influenc e o n th e possibilit y o f  bein g reminde d (e.g. . 

Ratterma n &  Centner ,  1987 ;  Ross ,  1987) .  Ros s foun d 

tha t  th e superficia l  characteristic s o f  wor d problem s 

m ay pla y a  majo r  rol e i n th e m e m o r y processe s tha t 

lea d t o thes e kind s o f  remindings ,  a t  leas t  fo r  novices . 

Similarly ,  Ratterma n an d Centne r  foun d tha t 

superficia l  similaritie s betwee n storie s rathe r  tha n 

structura l  similaritie s accounte d fo r  th e larg e majorit y 

of  case s i n whic h subject s reporte d tha t  on e stor y 

reminde d the m o f  anothe r  story .  O n e interpretatio n o f 

thes e findings  i s tha t  novice s lac k th e knowledg e t o 

appropriatel y identif y and/o r  categoriz e problem s i n a 
way tha t  woul d foste r  appropriat e structurall y base d 

remindings . 

Indeed ,  structura l  an d surfac e feature s ar e ofte n 

correlate d i n th e rea l  worl d (Ratterma n &  Centner , 

1987 )  s o accessin g previou s case s b y relyin g o n 

superficia l  characteristic s i s  arguabl y a  reasonabl e 

strateg y fo r  generatin g possibl e analogues ,  particu -

larl y i f  th e novic e lacke d th e abilit y t o identif y th e 
structura l  component s o f  a  problem .  I t  i s  no t  clear , 

however ,  tha t  mos t  novice s ar e restricte d t o a  strateg y 
tha t  reduce s t o " a sho t  i n th e dark" .  Whil e i t  m a y b e 

tru e tha t  novice s lac k concept s an d knowledg e 
require d t o accuratel y categoriz e type s o f  problems ,  i t 

m ay no t  b e tru e tha t  they ,  therefore ,  rel y o n 

superficia l  characteristic s t o encod e solution s i n 
memory.  Eve n novice s m a y hav e enoug h knowledg e 
t o partiall y  identif y importan t  feature s o f  th e proble m 
base d o n th e proble m solvin g goals ,  an d should ,  i n 

principle ,  b e abl e t o us e thes e feature s t o prob e thei r 

o wn memorie s fo r  relate d problems .  Thi s i s no t  t o sa y 

tha t  surfac e characteristic s o f  a  proble m wil l  b e unim -

portan t  i n a  remindin g episod e o r  tha t  the y won' t  b e 

involve d i n retrieva l  i n som e way .  Rather ,  th e clai m 
i s tha t  reminding s i n a  proble m solvin g situatio n wil l 

be mor e ofte n guide d b y structura l  characteristic s 

tha n b y surfac e characteristics . 
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H a m m o nd (1986 )  ha s criticize d Centner' s 

argumen t  o n th e basi s tha t  subject s i n thes e experi -

ment s wer e no t  give n specifi c  proble m solvin g goals . 

Understandin g a  stor y m a y no t  provid e a  wel l  define d 

goa l  settin g t o encourag e th e us e o f  structurall y base d 

remindings .  Ther e wa s n o requiremen t  t o us e th e 

informatio n i n thes e stories ,  e.g. ,  t o mak e î ediction s 

abou t  a  curren t  stor y o r  solv e som e typ e o f  problem , 

so i t  i s  difficul t  t o specif y th e clearl y structura l 

aspect s o f  th e storie s o r  th e clearl y superficia l  aspects . 

Indeed ,  Seifert ,  M c K o o n ,  Abelso n an d Ratclif f  (1986 ) 

hav e demonstrate d th e importanc e o f  tas k goal s i n eli -

citin g remindings . 

Ratterma n &  Centner' s findings  m a y b e partl y 

explaine d b y th e uncertaint y th e subject s m a y hav e 

had regardin g th e importanc e o f  th e feature s the y 

wer e usin g a s a  basi s o f  th e reporte d remindings .  I n a 

pffoble m solvin g tas k wher e th e natur e o f  th e tas k an d 

goal s ar e well-defined ,  th e so-calle d superficia l 

aspect s o f  th e jM-oble m ar e periphera l  t o th e solution , 

henc e i t  seem s likel y tha t  remindings  wil l  infre -

quentl y b e guide d b y superficia l  similarit y alone .  Th e 

motivatio n fo r  th e presen t  researc h i s t o provid e a 

fffoble m solvin g situatio n withi n whic h structura l 

remindings  wil l  b e clearl y useful ,  an d i n whic h th e 

relevant  aspect s o f  th e problem s ar e clear .  I n thi s 

w ay i t  wil l  b e possibl e t o asses s th e abilitie s o f 

novice s t o notic e similaritie s o f  varyin g degree s o f 

structura l  correspondenc e an d t o asses s th e impor -

tanc e o f  superficia l  characteristic s fo r  access .  Th e 

wel l  define d natur e o f  th e tas k allow s u s t o clearl y 

determin e whic h aspect s o f  th e proble m description s 

m ay b e supo^cia l  an d whic h m a y b e structural . 

Th e presen t  stud y i s designe d t o examin e rem -

inding s o f  previou s solution s i n a  proble m solvin g 

situatio n t o tes t  ou t  th e prop^sit y an d abilitie s o f  sub -

ject s t o notic e an d mak e us e o f  correspondence s 

betwee n problems .  Subject s i n thi s experimen t  lear n 

t o solv e compute r  programmin g problem s i n a n elec -

troni c bocd c environment .  Eac h proble m the y solv e i s 

store d awa y o n th e computer .  Student s ca n specif y 

when the y wan t  t o se e an y o f  thei r  previou s solution s 

t o hel p the m solv e a  curren t  problem .  B y providin g 

th e opportunit y fo r  th e subjec t  t o benefi t  fro m notic -

in g correspondences ,  an d b y usin g a n electroni c boo k 

environmen t  t o trac e proble m solvin g an d proble m 

retrieval  activities ,  w e ca n investigat e th e kind s o f 

similaritie s betwee n problem s tha t  subject s notice d 

and decide d t o ac t  upon . 

T HE B A T B O OK E N V I R O N M E NT 

We designe d a n electroni c boo k environment , 

th e Behaviora l  Analog y Tracin g Environmen t  (BAT -

Book) ,  t o monito r  subjects '  us e o f  previou s solutions . 

I n thi s environment ,  subject s rea d a  tex t  boo k o n th e 

compute r  screen ,  compos e a  solutio n i n a n editor ,  tes t 

th e solutio n i n a n interpreter ,  an d the n file  awa y th e 

solution .  Th e subjec t  ca n reques t  t o se e a  previou s 

solutio n a t  an y time .  I n addition ,  i t  i s  possibl e t o 

searc h th e recor d o f  th e interaction s wit h th e inter -

preter ,  an d t o searc h throug h th e boo k fo r  a  particula r 

target .  Th e B A T B o o k environmen t  make s explici t  a 

larg e proportio n o f  th e student' s proble m solvin g 

behavior ,  thereb y providin g a  rich  recor d fo r  analyz -

in g whe n an d h o w subject s acces s th e writte n instruc -

tio n an d thei r  previou s work . 

I n th e fM-esen t  experiment ,  novice s use d B A T -

Boo k t o read  th e first  tw o chapter s o f  Essentia l  U S P , 

a tex t  boo k o n th e LIS P programmin g languag e 

(Anderson ,  Corbett ,  &  Reiser ,  1987) .  Eac h chapte r  o f 

th e tex t  contain s severa l  shor t  section s o f  instructio n 

followe d b y jffoblem s tha t  appl y th e knowledg e intro -

duce d i n th e section .  I n additio n t o th e regular  prob -

lem s i n th e text ,  w e adde d a  secon d se t  o f  problem s t o 

Chapte r  T w o .  Thes e problem s wer e designe d s o tha t 

eac h proble m containe d a  cove r  stor y simila r  t o a  pre -

viou s proble m an d wa s structurall y simila r  t o a  dif -

feren t  proble m fro m th e first  half .  W e wer e intereste d 

i n whethe r  subject s woul d retriev e solution s fro m th e 

first  hal f  o f  th e chapte r  whil e workin g o n th e secon d 

half ,  an d whethe r  thes e retrieval s woul d b e governe d 

by surfac e o r  structura l  similarities .  I n addition ,  w e 

include d tw o variation s o n th e metho d fo r  storin g pre -

viou s solutions .  O n e grou p provide d a  verba l  labe l 

fo r  eac h solutio n the y constructe d an d late r  coul d us e 

thi s verba l  labe l  t o retriev e a  previou s solution ,  whil e 

di e othe r  grou p di d no t  labe l  thei r  solution s an d coul d 
retriev e the m onl y b y referring  t o th e proble m 

descriptio n o r  conten t  o f  th e solution . 

Th e B A T B o o k environmen t  run s o n Su n 

workstations .  Th e scree n contain s a  Tex t  W i n d o w ,  a n 

Exercise s W i n d o w ,  a  LIS P Interprete r  W i n d o w ,  an d a 

Proble m Submissio n windo w tha t  appear s whe n th e 

subjec t  store s a  complete d solutio n (se e Figur e 1) . 

Readin g th e Text :  Th e lef t  hal f  o f  th e scree n 

contain s th e Tex t  W i n d o w ,  whic h display s î proxi -

matel y on e pag e o f  tex t  fro m th e book .  W h e n th e stu -

den t  finishes  readin g th e curren t  page ,  h e o r  sh e 

select s th e "pag e forward "  butto n (labele d "+" )  usin g 

th e mouse .  Subject s ca n pag e backwar d (th e "- "  key ) 

and ca n retur n t o th e first  pag e o f  th e chapte r  (th e 

"Pag e 1 "  key) .  Th e desig n o f  th e Tex t  W i n d o w wa s 

loosel y base d o n th e Superboo k electroni c boo k 

environmen t  (Remde ,  Egan ,  &  Landauer ,  1987) . 

W h en subject s reac h th e las t  pag e o f  th e section ,  the y 

ar e instructe d t o begi n workin g o n th e problem s asso -

ciate d wit h tha t  section ,  an d ar e no t  permitte d t o pag e 

forwar d unti l  the y hav e complete d tha t  proble m set . 
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s> imtu n ooo i I  thi l  functm n 

Sl«p « i n •waluann B tr> < functio n c« n (ioubl *  ( •  S  !•)) : 
(t> Tt» »rq..*r,T of in, (unction C»n. (• S 1») \t •valusUd, 

TM '*!̂ i t  o t  ( .  $  II )  I t  IS . 
(2 )  Iti a functio n doubl *  i i  •pplte d t o th t  valu a 1 5 a s foUoBS : 

(• }  t M walu a o f  tri e irguia m i s l *  aiilgni d t o tri « 
paraailfl r  ntM .  (AaaaaOft r  ni m i s •  vinabU ) 

(D)  th e bMf  Of  tri a function ,  ( •  nt a 2) ,  l a 
••aluitt o i i  •:.M;«s . 

1.  tn t  vanani a nu a i s ivaloita a nu a aa s asii9na O 
ih a vaiu a IS .  t o nu a avalû te s t o I S 

11.  m a nuace r  2  a-aluaie s t o ttsalf :  2 . 
111.  ma functio n •  1 1 appHe u t o it s arguaent i 

15 jn a 2 ,  an d return i  M . 
1v.  tnf f  functio n douBI a raturn t  tn a valu a 3t . 

Lat' i  coMioa r  a  lacono ,  aor a coaplicate o a-sapi* .  Lat' t 
aafln e a  functio n mat  m U insar t  t n iTa a int o tn a secon d 
p;si"i n o f  a  list .  firtT .  •a'l l  r.aa o t o cnoos a a  raa a fo r  tn a 
'j'-cr-'-.r. -  Ha ca n cal l  i t  tnawt-sacodd .  The n « a r>tt o t o cnoos a 
p8~3ieT«rs .  v̂ e n a e cal l  Intart-tacond ,  u a «i1 l  nae o t» o 
arc-as"'s ,  ih e Ua a l o c e insarta a an o th e lis t  int o i.fiicr > i t  i s 
in»*'t> i  :j ,  mf  •11 1 nae d U o paraaeterj .  Wa ca n ca n tfe « h m 
ar. o oldllst .  Finally ,  a o naa o t o figur e ou t  m a bod y o f  Tn a 
(unction .  Tn a bod y ai n b a 

(can t  (ca r  oldlltt )  (con a ti m (cd r  «1dnat))) . 
So, •« can define 1ns«-t-«tcond as fonoas: 

<dc(u n Instrl-SKon d (Itce i  oldllat ) 
(con e (ca r  oldlltt )  (con a tt M (cd r  oldliat})) ) 

IDCSIID C =^ 

2.1 
An iccouDClD f  tlT M yant s t a ieteraln e tb e firs t  U c B 
purchase d h f  eac h departnen t  o f  a  larg e canpaar .  Mrlt e 
a fuDctlo p tha t  take s a  lU t  a f  th e Itc M purcbase 4 
--  *•». .  fpape r  racl s cfaai r  toner )  - -  b y an r  partlcola r 
departnen t  ao d give s o s th e Dan e a t  th e firs t  Ue n parcba&e4 . 

ts*'>*'t l 

S\\\\\V\\\\\\\\\S\\\ \  tI5 P Intarprata r  windo w 1111H1111 1 H I  11111 1 
=> {detu n Ora t  (pape r  racK 9 chai r  tonar ) 
(ca r  firat) ) 
firs t 
r )  (dret ) 

RROfl :  lo o f M actua l  »»rMetar e ni l 
> (fira t  (papa r  rach i  chat r  tonar) ) 
RROIt:  aval :  Undaflna d functio n papa r 

=> (dafu n fira t  '(llsiXca r  'lie) ) 
It 

i > (fira t  '{pape r  rach a chai r  tonar) ) 
rRROR:  To o fa w actue l  paraaatar a ni l 

(dafu n firs t  (Itealltt )  (ca r  'Ua«11it) Q 

t 

Fi g 1 .  Th e BATboo k scree n layou t  showin g text ,  proble m description ,  an d LIS P work . 

m. 

-"̂U R lABei. :  faall y hiator y 
• 'sally h-s'-nan has traced the ra'stlon bataeen 
»̂r. y  CrffTicu'j' -  individual s »n d a  nuBCer  o f  mai r  ancestors . 
.r e '•i' .  "-.es H i n tn a for e o f  a  lis t  o f  relative s trace d 
": •  •• 8 presen t  t o tn e aos t  ancient .  Nov si e need s 
-. ;  BHC th e lis t  int o tw o copie s o f  th e relation :  on e 
iscenoir :  •i-s t  reTPn t  l o eos l  ancient )  an o on e aescandin g 
(ancestc' s TO '̂f̂ *" ^  *rii e a  functio n tna t  tale s 
a lU t  o f  faati y aaaDar t  a s inpu t  — e.g. ,  (J.aalt n 
n.Jone s 0.Jones )  - -  an d retum a a  lis t  tha t  contain s 
tn a origina l  lis t  escenoin g an d tha n flascanoing. 

I  Krwmr%% imW^-^ m 

Targe t  taal1 y htstor y 
t  iAaUrt,AHCH j 

2.2 2 
Dtirla g a  politica l  canpalgD ,  oa e o f  th e orgao l  la t  looa l 
Ktaf f  nenber s decides ,  tha t  canpalgniu g ool y ooc e I n 
eac h distric t  nao y coBtact s ar e nlssc d becaus e peopl e 
ar e no t  a t  hone .  B e decide s tha t  eac h perso a shoul d 
backtrac k afte r  thc ^  hav e finishe d thei r  route s an d 
red o eac h distric t  b r  revisitin g th e place s the y ha d 
Hisse d tb e firs t  tin e through .  Mrlt e a  fuocclo D tha t 
Moul d tak e th e origina l  lis t  o f  district s - -  e.g. .  (crestuoo J 
gleoor a belvedere )  - -  an d retur n a  lis t  tha t  contain s 
th e revise d route . 

tS""-" ! 

WWWWWWWWWW LIS f  I n •  ta r  1 indo w iiuimifiiiimiii i 
= >  (dafu n politica l  (origina l  n«w )  (appen d origina l  nvd'i' i 
politica l 
: > (politica l  ' (  crostwoo d glanor a balvatfara) ) 
RROR:  To o fa w actua l  paraaeter a n 1 ) 
> (dafu n poltllca l  (original )  (appen d origina l  original) ) 

politica l 
: > (politica l  '(craatuDO d glanor a belvedara) ) 

eatuoo d gleno n belvadar a crestwoo d glanor a belvadara ) 
; > (dafu n politica l  (original )  (lis t  (orl£ | 

.ct .  f  i'- l  1 CTnp3TT l£E D 

Fi g 2 .  Th e retrieva l  o f  a  previou s solutio n usin g a  labe l  generate d b y th e subject . 
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Searchin g th e Text :  Subject s ca n searc h 

throug h th e curren t  chapte r  o f  th e tex t  usin g a  searc h 

capabilit y  simila r  t o tha t  provide d i n mos t  wor d pro -

cessin g programs .  T o d o this ,  th e subjec t  type s a  tar -

get  o f  on e o r  mor e word s an d the n select s th e "Fin d 

First "  o r  "Fin d Next "  key ,  whic h searche s th e tex t  fo r 

th e first  occurrenc e o r  nex t  occurrenc e o f  th e searc h 

string .  Thus ,  i f  th e subjec t  wishe s t o find  a  particula r 

portio n o f  text ,  h e o r  sh e ca n pag e throug h th e tex t  o r 

us e th e Tex t  Searc h featur e t o find  it . 

Constructin g a  Solution :  W h e n th e subjec t 

complete d th e readin g fo r  a  section ,  h e o r  sh e wa s 

instructe d b y th e progra m t o begi n th e associate d 

problems .  Th e proble m sequenc e wa s initiate d b y 

clickin g a  "Star t  Problems "  butto n i n th e Exercise s 

W i n d o w ,  upo n whic h th e first  proble m fo r  th e sectio n 

was displaye d i n th e window .  Problem s require d 

writin g L IS P functio n call s (Chapte r  One) ,  an d 

definin g function s (Chapte r  T w o ) .  Subject s type d 

thei r  functio n call s an d functio n definition s int o th e 

LIS P Interprete r  W i n d o w whic h containe d a  C o m m on 

LIS P interpreter .  Subject s coul d chang e a  functio n 

definitio n b y usin g a  simplifie d Emac s edito r  invoke d 

fi-om  th e L IS P W i n d o w .  Th e edito r  containe d com -

mands t o m o v e lef t  an d righ t  on e character ,  u p an d 

d o wn on e line ,  delet e a  character ,  delet e a  line ,  an d 

inser t  a  delete d line .  Th e edito r  als o containe d a  com -

mands t o sav e th e functio n an d ente r  th e revise d 

definitio n int o LISP ,  an d t o abor t  th e edi t  wit h th e 

definitio n unaltered .  Typicall y subject s type d a 

definitio n int o th e LIS P W i n d o w ,  trie d thei r  functio n 

on som e examples ,  the n edite d th e definitio n unti l  i t 

worke d imiperly . 

Submittin g a  Complete d Problem :  W h e n th e 

subjec t  considere d th e solutio n t o b e correct ,  h e o r  sh e 

submitte d th e proble m i n orde r  t o stor e th e solution . 

Thi s wa s initiate d b y clickin g th e "Submit "  butto n i n 

th e Exercise s W indow .  A t  tha t  point ,  B A T B o o k 

prompte d th e studen t  t o ente r  th e functio n nam e an d 

the n checke d th e student' s solution .  I f  th e solutio n 

was incwrect ,  th e studen t  wa s informe d o f  th e exam -

pl e fo r  whic h thei r  functio n compute d a n incorrec t 

resul t  an d aske d t o tr y t o fix  thei r  solution .  Subject s 

wer e require d t o attemp t  t o fix  thei r  functio n an d sub -

mi t  a  secon d solution .  I f  th e solutio n wa s stil l 

incorrect ,  th e subjec t  wa s agai n informe d bu t  thi s tim e 

was give n th e optio n t o continu e wit h th e nex t  prob -

lem ,  o r  t o continu e tryin g t o fix  th e solution . 

Labelin g th e Solution :  O n e grou p o f  subject s 

(Labe l  Group )  wa s aske d t o labe l  thei r  final  submiue d 

solutio n (whethe r  correc t  o r  incorrect )  fo r  th e prob -

lem .  Th e subjec t  wa s aske d t o typ e i n a  brie f  labe l  fo r 

th e solution .  Subject s wer e tol d tha t  th e labe l  coul d 

be use d a t  a  late r  tim e t o retriev e th e proble m descrip -

tio n an d th e solution .  Th e othe r  grou p o f  subject s 

(Non-Labe l  Group )  wer e no t  aske d t o labe l  th e prob -

lem ,  an d coul d late r  refe r  t o th e proble m usin g a 

prob e fro m eithe r  th e proble m descriptio n o r  th e con -

ten t  o f  th e solutio n itself .  Followin g th e complete d 

problem ,  a  n e w proble m wa s displaye d i n th e win -

dow.  U p o n completio n o f  th e proble m se t  th e subjec t 

was instructe d t o resum e readin g th e text . 

Searchin g Previou s Solution s Usin g Labels : 

W h en a  subjec t  i n th e Labe l  grou p wante d t o loo k a t  a 

previou s solutio n t o hel p wit h a  curren t  problem ,  h e 

or  sh e clicke d th e "Pas t  Exercises "  ke y i n th e LIS P 

Interprete r  W indow .  A t  tha t  point ,  subject s type d i n 

par t  o r  al l  o f  a  previou s labe l  an d clicke d th e "Labe l 

Search "  ke y t o initiat e th e search .  I f  a  proble m wit h a 

matchin g labe l  wa s found ,  th e complet e proble m 

descriptio n an d th e subject' s final  solutio n t o th e 

proble m wer e displaye d i n th e Tex t  W i n d o w (se e Fig -

ur e 2) .  Afte r  finding  a  previou s solution ,  th e subjec t 

typicall y returne d t o th e L IS P Interprete r  W i n d o w t o 

attemp t  t o m a p somethin g fro m th e solutio n t o th e 

curren t  iKoblem ,  o r  decide d t o searc h fo r  a  differen t 

proble m i f  th e searc h retrieve d somethin g tha t  th e 

subjec t  the n decide d woul d no t  b e useful .  Subject s 

wer e informe d tha t  the y migh t  find  i t  usefu l  t o searc h 

fo r  previou s solutions .  Ther e wa s n o limi t  o n th e 

amount  searc h tha t  th e subject s coul d do . 

Searchin g Previou s Solution s Usin g Keywords : 

W h en a  subjec t  i n th e Non-Labe l  Grou p wante d t o 

searc h fo r  a  previou s solution ,  h e o r  sh e clicke d th e 

"Pas t  Exercises "  button ,  an d wa s prompte d t o typ e i n 

on e o r  mor e word s t o us e a s a  searc h targe t  Th e sub -

jec t  the n clicke d th e "Fin d First "  o r  "Fin d Next "  a s i n 

searc h o f  th e Tex t  W i n d o w .  Th e first  o r  nex t 

occurrenc e o f  th e searc h strin g wa s sough t  amon g th e 

proble m description s an d thei r  solutions .  I f  a  matc h 

was found ,  th e proble m descriptio n an d th e subject' s 

solutio n wa s displaye d i n th e Tex t  W i n d o w ,  jus t  a s 

fo r  a  Labe l  Search .  Onl y th e proble m an d descriptio n 

fo r  a  singl e proble m wa s displaye d a t  a  time . 

Searchin g th e U S P Interactio n History :  I n 

additio n t o searchin g th e tex t  o r  previou s solutions , 

subject s coul d als o searc h th e lo g o f  thei r  interactio n 

wit h th e LIS P Interpreter .  W e include d thi s featur e 

becaus e w e expecte d tha t  subject s migh t  find  i t  usefu l 

t o retriev e a n episod e o f  testin g o r  debuggin g a  func -

tion ,  i n additio n t o retrievin g thei r  final  answe r  t o a 

problem .  Searc h o f  th e LIS P histor y wa s initiate d b y 

selectin g th e "LIS P History "  button ,  whereupo n sub -

ject s wer e prompte d t o typ e thei r  searc h strin g a s i n 

th e Keywor d search .  Th e searc h foun d th e first  o r 

nex t  occurrenc e o f  th e searc h strin g i n th e lo g o f  th e 

student' s interactio n wit h th e LIS P interprete r  fo r  tha t 

chapter .  Th e lo g wa s displaye d i n th e Tex t  W i n d o w 
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wit h targe t  strin g i n invers e video . 

At  th e conclusio n o f  eac h problem ,  th e displa y 

of  th e Tex t  W i n d o w returned  t o th e pag e tha t 

instructe d the m t o continu e wit h th e proble m se t  s o 

tha t  previou s solutions ,  LIS P histwy ,  o r  tex t  woul d n o 

longe r  b e displayed .  Th e subjec t  woul d b e require d 

t o searc h agai n t o retriev e desire d information . 

Procedure :  Subject s wer e ru n individuall y i n 

thre e tw o hou r  sessions .  Th e las t  tw o session s wer e 

alway s o n consecutiv e days .  Subject s wer e free  t o 

explor e an y availabl e aspec t  o f  th e environmen t  dur -

in g th e session .  Th e LIS P Interprete r  wa s availabl e 

throughou t  th e entir e session .  Th e syste m require d 

th e subjec t  t o rea d eac h sectio n an d submi t  th e associ -

ate d problem s befor e goin g o n t o nex t  section .  Sub -

ject s worke d o n Chapte r  On e i n th e first  session ,  an d 

on Chapte r  T w o i n th e secon d session .  Th e thir d ses -

sio n concerne d th e "review "  problems,  whic h con -

taine d surfac e an d structura l  similaritie s t o th e earlie r 

problem s i n Chapte r  Two .  N o additiona l  readin g wa s 

presente d i n th e thir d session . 

Materials :  Th e problem s o f  Chapte r  On e wer e 

include d unchange d from  th e Esseruia l  LIS P tex t 

Cover  storie s wer e adde d t o th e 1 1 origina l  question s 

of  Chapte r  T w o ,  th e "source "  problems .  Eac h ques -

tio n wa s constructe d usin g a  differen t  cove r  story . 

Thes e cove r  storie s wer e plausibl e scenario s fo r  th e 

problems ,  bu t  wer e unrelate d t o th e structur e o f  th e 

solution .  Th e thir d sessio n containe d th e 1 1 "target " 

problems .  Eac h targe t  proble m wa s constructe d s o 
tha t  i t  containe d th e sam e cove r  stor y a s on e o f  th e 

sourc e problems,  an d wa s structurall y simila r  t o a  dif -

feren t  sourc e problem .  Thus ,  i t  woul d b e possibl e fo r 

eac h targe t  proble m t o retriev e a  previou s proble m 

focusin g eithe r  o n surfac e o r  o n structura l  similarity . 

An exampl e targe t  proble m an d it s surfac e an d struc -

tura l  sourc e problem s i s show n here : 

Target :  Durin g a  politica l  campaign ,  on e o f  th e 

organizationa l  staf f  member s decide s tha t  whe n cam -

paignin g onl y onc e i n eac h distric t  man y contact s ar e 

misse d becaus e peopl e ar e no t  a t  home .  H e decide s 
tha t  eac h perso n shoul d backtrac k afte r  the y hav e 

finished  thei r  route s an d red o eac h distric t  b y revisit -

in g th e place s the y ha d misse d th e first  tim e through . 

Writ e a  functio n tha t  woul d tak e th e origina l  lis t  o f 

district s -  e.g. ,  (crestwoo d glenor a belvedere )  -  an d 

return  a  lis t  tha t  contain s th e revise d route . 

Structura l  similarit y source :  A  famil y historia n ha s 

trace d th e relatio n betwee n man y particula r  individu -

al s an d a  numbe r  o f  thei r  ancestors .  Sh e ha s thes e i n 

th e for m o f  a  lis t  o f  relative s trace d from  th e presen t 
t o th e mos t  ancient .  N o w sh e need s t o mak e th e lis t 

int o tw o copie s o f  th e relation:  on e ascendin g (mos t 

recen t  t o mos t  ancient )  an d on e descendin g (ancestor s 

t o present) .  Writ e a  functio n tha t  take s a  lis t  o f  famil y 

members a s inpu t  -  e.g. ,  (j-smit h h.jone s b.jones )  -

and return s a  Us t  tha t  contain s th e origina l  lis t  ascend -

in g an d the n descending . 

Surfac e similarit y source :  A  politica l  campaig n 

organize r  i s makin g u p list s o f  neighborhood s fo r  th e 

campaig n worker s t o visit .  H e woul d lik e t o hav e hi s 

worker s visi t  th e district s a t  differen t  time s o f  th e da y 

so tha t  peopl e w h o ar e no t  hom e a t  particula r  time s o f 

th e da y ma y b e reache d o n anothe r  day .  T o d o thi s h e 

plan s t o hav e hi s campaig n worker s first  visi t  th e dis -

tric t  the y visite d las t  o n th e da y before ,  an d the n con -
tinu e i n th e sam e orde r  a s the y di d previously .  Writ e a 

functio n tha t  take s a  lis t  o f  distric t  name s ~  e.g. , 

(crestwoo d glenor a belvedere )  ~  an d return s a  lis t 

wit h th e las t  distric t  nam e move d t o th e beginning . 

Subjects :  Subject s wer e 1 0 Princeto n Univer -

sit y Students ,  communit y members ,  an d researc h 

staff ,  wh o wer e pai d $ 5 pe r  hou r  fo r  thei r  participa -

tion .  Subject s wer e selecte d w h o ha d n o forma l  train -

in g i n a  compute r  languag e an d ver y litU e o r  n o infor -

mal  programmin g experience .  Th e subject s wer e 

semi-randoml y place d i n eac h conditio n wit h con -

sideratio n give n t o extrem e mat h S A T score s i n orde r 

t o balanc e thes e individual s betwee n conditions .  Th e 

averag e S A T scor e wa s 67 0 i n th e Labe l  conditio n 

and 69 0 i n th e Non-Labe l  condition . 

R E S U L TS A N D D I S C U S S I O N 

Throughou t  al l  thre e session s ther e wer e man y 

case s i n whic h subject s referre d t o previou s problems , 

pas t  wor k i n th e LIS P History ,  an d previou s portion s 

of  th e text .  W e wil l  focu s ou r  analyse s o n th e searc h 

fo r  previou s wor k durin g th e revie w hal f  o f  Chapte r 

T wo (da y 3) .  I t  wa s i n thi s se t  o f  problem s tha t  ever y 

proble m ha d on e structura l  an d on e superficia l  coun -

terpar t  i n th e initia l  set .  Ther e wer e a n averag e o f  6. 4 
case s o f  searchin g behavio r  i n Chapte r  O n e an d 5. 3 

case s i n th e first  hal f  o f  Chapte r  Two . 

Typ e o f  Proble m Retrieved :  Subject s i n th e 
revie w hal f  o f  Chapte r  T w o exhibite d a n averag e o f 
6. 5 case s o f  searc h behavior .  W e categorize d th e 

searche s o f  solution s an d LIS P Histor y accordin g t o 

whethe r  th e retrieve d proble m wa s th e superficia l 
antecedent ,  structura l  antecedent ,  o r  a  proble m unre -

late d i n th e design .  O f  th e tota l  searches ,  4 9 % 

retrieve d a  structurall y simila r  problem s whil e onl y 
9 % retrieved a  proble m wit h superficia l  similarities . 

The larg e differenc e support s ou r  clai m tha t  novice s 

ar e indee d sensitiv e t o structura l  correspondences , 

and ca n exploi t  thi s recognitio n t o us e thei r  solution s 

i n late r  problems .  Th e remainin g 4 2 % o f  th e 

retrieve d problem s wer e o f  unspecifice d similarity . 
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Thes e includ e case s i n whic h ih e subjec t  rejecte d th e 

retrieved  proble m an d searche d agai n wit h a  differen t 

cue ,  an d case s i n whic h thei r  solutio n o r  th e error s 

the y encountere d wer e simila r  i n way s no t  capture d i n 

th e design . 

Considerin g th e tw o group s separately ,  th e 

Labe l  subject s exhibite d a n averag e o f  10. 4 remind -

ings .  O f  thes e searches ,  5 7 . 7 % retrieve d structura l 

counterparts ,  5 .8 % retrieve d superficiall y  relate d 

problems ,  an d 3 6 . 5 % wer e unspecified .  Subject s i n 

th e Non-Labe l  conditiw i  exhibite d fa r  fewe r  instance s 

of  searc h behavior ,  onl y 2. 6 case s pe r  subject .  O f 

thes e onl y 1 5 % represente d searche s fo r  structurall y 

related  problems ,  2 3 % represente d searche s fo r 

superficiall y  related  problems ,  an d 6 2 % represente d 

searche s fo r  unspecifie d problems . 

I t  i s  importan t  t o conside r  th e relation s betwee n 

thos e retrieve d problem s tha t  wer e neithe r  structura l 

nor  surfac e antecedents .  Ther e m a y hav e bee n struc -

tura l  correspondence s betwee n problem s o r  th e 

difficultie s encountere d i n th e solutio n othe r  tha n 

thos e betwee n problem s designe d t o b e structurall y 

similar .  Therefore ,  w e considere d th e event s tha t  pre -

cipitate d th e searche s fo r  previou s solutions .  Interest -

ingly ,  7 8 % o f  th e structura l  reminding s occurre d 

immediatel y afte r  readin g th e proble m description . 

1 9 % wer e precipitate d whe n th e subjec t  encountere d 

an error ,  an d 3 % occurre d afte r  tryin g LIS P call s prio r 

t o attemptin g a  functio n definition .  Fo r  surfac e 

related  searches ,  5 0 % followe d proble m descriptions , 

3 3 % followe d error s an d 1 7 % occurre d afte r  th e 

proble m wa s solved .  O f  th e unclassifie d searches , 

4 1 % followe d proble m description s an d thu s provide d 

no clea r  indicatio n o f  th e reaso n fo r  th e search .  A n 

additiona l  3 7 % o f  th e searche s wer e du e t o extensiv e 

tria l  an d erro r  searchin g b y on e subjec t  w h o ha d use d 

number s a s hi s solutio n labels .  Finally ,  2 2 % o f  th e 

unclassifie d searche s followe d errors ,  an d almos t 

alway s retrieve d a  previou s portio n o f  th e LIS P His -

tor y i n whic h a  simila r  erro r  occurred .  Thus ,  thes e 

searche s tha t  retrieve d "unrelated "  problem s i n fac t 

recovere d solution s t o problem s tha t  differe d o n 

superficia l  feature s bu t  bor e a n importan t  structura l 

similarit y i n th e type s o f  difficultie s encountere d i n 

constructin g th e solution .  Interestingly ,  non e o f  th e 

subject s whos e searc h wa s precede d b y a n erro r  actu -

all y use d par t  o f  th e erro r  messag e t o find a 

correspondin g par t  o f  th e history .  Instead ,  thes e typi -

call y use d a  functio n o r  variabl e nam e relate d t o 

superficia l  characteristic s o f  th e problem . 

Typ e o f  Searc h Ke y Used :  Subject s wer e fre e t o 

construc t  thei r  o w n prob e word s fo r  th e search .  W e 

categorize d th e searc h probe s use d b y th e subject s 

int o thos e tha t  referre d t o structura l  an d surfac e 

feature s o f  th e problem .  Surprisingly ,  onl y 2 3 % o f 

th e probe s wer e related  t o th e structura l  feature s o f 

th e problem ,  wherea s 7 7 % wer e related  t o superficia l 

characteristics .  Th e environmen t  m a y hav e biase d th e 

us e o f  superficia l  features ,  sinc e th e mos t  distinctiv e 

string s i n th e target s wer e usuall y relate d t o th e 

superficia l  aspect s o f  th e problem .  Nevertheless ,  i t  i s 

importan t  t o stres s tha t  subject s coul d ofte n locat e a 

structura l  corresponden t  usin g a  superficia l  aspec t  o f 

th e event .  Fo r  example ,  on e subject ,  afte r  readin g th e 

targe t  proble m descriptio n show n i n Figur e 2 , 

searche d hi s LIS P histor y fo r  th e wor d "family " 

whic h wa s th e n a m e o f  th e functio n h e ha d define d o n 

th e previou s da y fo r  th e structurall y isomorphi c prob -

lem . 

Th e surfac e informatio n i s evidentl y accessibl e 

and ca n b e use d t o identif y structura l  correspon -

dences .  Th e amoun t  o f  structurall y base d searc h sug -

gest s tha t  peopl e organiz e m e m o r y fo r  event s i n way s 

tha t  reflec t  structura l  an d functiona l  importance .  Th e 

us e o f  superficia l  searc h key s suggest s tha t  superficia l 

informatio n i s retained ,  althoug h i t  appear s tha t 

acces s t o thi s infcHtnatio n wa s throug h structura l 

routes .  I t  i s  eve n possibl e tha t  superficia l  informatio n 

help s t o t o coher e th e structura l  aspect s o f  th e 

memory.  Althoug h i t  migh t  b e argue d tha t  subject s 

remembere d event s usin g surfac e feature s a s cue s an d 

the m mad e assessment s o f  structura l  soundnes s t o 

decid e whethe r  t o us e th e event ,  th e shor t  latencie s 

betwee n proble m presentatio n an d initiatio n o f  struc -

tura l  searche s mak e thi s alternativ e unlikely . 

We als o considere d th e proportio n o f  searche s 

i n whic h subject s successfull y utilize d th e retrieved 

information .  Succes s wa s define d a s a  correc t  solu -

tio n followin g a  search ;  thi s occurre d o n 6 2 % o f  th e 

searches .  Failure s include d case s i n whic h retrievin g 

a previou s solutio n le d t o a n incwrec t  solutio n t o th e 

curren t  problem ,  an d thos e case s i n whic h th e 

retrieve d informatio n wa s rejecte d i n orde r  t o initiat e 

anothe r  search .  Thes e comprise d 3 8 % o f  th e 

searches .  A  structura l  prob e le d t o a  successfu l 

searc h 6 7 % o f  th e time ,  wherea s i t  le d t o a  failur e 

3 3 % o f  th e time .  A  superficia l  prob e le d t o a  success -

fu l  searc h 5 7 % o f  th e time ,  wherea s i t  le d t o a  failur e 

4 3 % o f  th e time .  Th e failure s als o includ e behavio r 

suc h a s usin g trivia l  label s (one ,  two ,  three )  t o "page " 

through  th e proble m histories .  Thi s occurre d i n tw o 

episode s an d accounte d fo r  3 9 % o f  th e so-calle d 

failures .  I t  shoul d als o b e note d tha t  m a n y o f  th e 

failure s forme d par t  o f  episode s tha t  le d t o a  success -
fu l  searc h i n a  fe w steps . 

Ther e result s sugges t  tha t  th e natur e o f  th e 

prob e use d di d no t  affec t  th e probabilit y  o f  success -

full y retrievin g usefu l  information .  Surfac e feature s 
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can b e use d t o retrieve  structurall y relevan t  episodes , 

even thoug h the y ar e no t  structurall y diagnostic . 

They ar e a  par t  o f  th e memor y fo r  th e even t  tha t  i s 

salient ,  bu t  no t  necessaril y  influentia l  i n th e selectio n 

of  isomorphs .  W e als o considere d th e typ e o f  labels , 

functio n names ,  an d variabl e name s generate d b y sub -

jects .  Her e again ,  man y o f  thes e label s an d functio n 

names referre d t o surfac e feature s o f  th e problem ,  ye t 

thi s di d no t  preven t  thes e label s an d solutio n com -

ponent s fro m bein g effectiv e searc h cue s t o retriev e 

structurall y relate d {woblems . 

Conclusions :  W e hav e presente d evidenc e tha t 

peopl e i n a  clearl y define d proble m solvin g situatio n 

ar e sensitiv e t o an d ar e abl e t o mak e us e o f  sUTictura l 

correspondence s betwee n problems .  Th e subject s 

were rarel y misle d b y th e superficia l  correspondence s 

and wer e abl e t o identif y an d mak e us e o f  structura l 

similaritie s betwee n problems .  The y ma y no t  hav e 

had al l  th e wel l  formulate d rule s the y needed ,  bu t 

the y wer e sensitiv e t o th e structura l  natur e o f  th e 

problem s an d could ,  therefore ,  detec t  functiona l  simi -

larities .  Th e efficien t  us e o f  example s require s sub -

ject s t o hav e encode d th e relevanc e o f  particula r 
examples ,  an d t o remembe r  enoug h abou t  the m t o 

generat e successfu l  retrieva l  descriptions . 

As Ratterma n an d Centne r  (1987 )  hav e demon -

strated ,  superficia l  characteristic s ma y b e importan t 

fo r  access ,  bu t  thi s ma y no t  necessaril y  reflec t  ho w 

novice s stor e infcMmatio n fo r  previou s problems .  Th e 

availabilit y  o f  superficia l  informatio n doe s no t  impl y 

tha t  th e structura l  informatio n i s unavailable .  I n fact , 

i t  appear s tha t  th e structura l  organizatio n o f  th e 

memorie s fo r  th e problem s solve d ma y hav e bee n 

responsibl e fo r  th e activatio n o f  th e surfac e leve l 

features .  Th e us e o f  superficia l  probe s t o locat e struc -

turall y simila r  problem s demonstrate s tha t  surfac e 

feature s ar e no t  dissociate d fro m informatio n use d t o 

make inference s betwee n relate d problems .  Surfac e 

feature s ma y simpl y b e m w e salien t  an d easie r  t o 

specif y tha n mor e abstrac t  features .  Thi s saUenc e 
does no t  necessaril y  interfer e wit h proble m oriente d 

memory organizatio n an d retrieval . 
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