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U s i n g M e n t a l  S c h e m a t a : 

A n E x p e r i m e n t a l  A n a l y s i s o f  C o m p u t e r  Sk i l l  A c q u i s i t i o n 

Mar c M ,  Sebrecht s 

Charlott e T .  Furstenber g 

Department of Psychology 

Wesleya n Universit y 

Middletown ,  C T 0645 7 

Abstrac t 

Although mental schemata are central to many contemporary learning theories, the 
precis e relationshi p betwee n suc h schemat a an d specifi c  type s o f  learnin g remain s vague . 

Thi s pape r  describe s a n analysi s o f  subject s learnin g basi c compute r  skill s  whe n presente d 

wit h fou r  differen t  kind s o f  elaboration s tha t  shoul d influenc e subjects '  schemata :  (I )  a 

simpl e descriptio n wit h n o model :  (2 )  a  redundan t  elaborate d tex t  als o wit h n o explici t 

model :  (3 )  a  functiona l  model :  (4 )  a  descriptiv e analogy .  Subject s wer e teste d o n 

procedures ,  genera l  c o m m a n d concepts ,  an d syste m questions .  Model s an d analogie s wer e 

show n t o improv e initia l  performanc e o n al l  type s o f  questions .  Howeve r  onl y syste m 

question s showe d thi s advantag e afte r  a  delay .  I t  i s  argue d tha t  th e utilit y o f  buildin g a 

menta l  mode l  throug h elaboratio n depend s o n th e specifi c  task s tha t  ar e analyzed . 

Althoug h ther e i s  consensu s concernin g th e genera l  utilit y o f  menta l  models ,  ther e i s  relativel y 

littl e agreemen t  concernin g th e way s i n whic h thes e model s ar e forme d an d use d i n specifi c  tasks . 

Thes e mor e detaile d relationship s ar e necessar y bot h fo r  a  genera l  theor y o f  learnin g an d fo r 

designin g improve d instruction .  Thi s pape r  provide s on e instanc e o f  specifi c  model-tas k analysis ,  b y 

investigatin g th e us e o f  model s durin g th e acquisitio n o f  basi c compute r  (operatin g syste m an d editor ) 

skills .  Ther e ar e thre e question s tha t  thi s researc h i s  designe d t o address :  (1 )  D o explici t  attempt s t o 

modif y th e subjects '  schemat a b y providin g elaboration s influenc e performance ? (2 )  Ar e th e effect s o f 

suc h manipulation s specifi c t o particula r  kind s o f  task s o r  d o the y generaliz e t o a  rang e o f  tasks ? (3 ) 

W h at  underlyin g mechanism s ca n accoun t  fo r  thes e effects ? 

In order to evaluate the effectiveness of explicit models, we manipulated the kinds of information 

(models )  presente d t o subjects .  Specifically ,  th e stud y investigate d functiona l  model s o f  th e underlyin g 

Thi s researc h wa s supporte d i n par t  b y N S F Gran t  IST82-17572 .  W e wis h t o than k Richar d 

L.  Mars h fo r  collectin g th e data . 
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system operations, analogies describing system performance, and specific examples of commands. The 

questio n o f  th e influence s o f  model s o n differen t  task s wa s addresse d b y a  serie s o f  test s assessin g 

knowledg e o f  specifi c  procedures ,  knowledg e o f  th e genera l  principle s behin d th e procedures ,  an d 

knowledg e abou t  th e genera l  functionin g o f  th e system . 

Method 

Subjects and Materials 

Eight students who had some computer experience but no prior experience with UNIX served as 

subjects . 

Instructions .  Th e experimenta l  material s consiste d o f  a  se t  o f  fou r  booklets ,  eac h describin g a 

subse t  o f  U N I X commands .  Eac h bookle t  presente d a  genera l  descriptio n o f  a  particula r  aspec t  o f 

th e syste m followe d b y a  descriptio n o f  th e procedur e fo r  usin g fou r  U N I X commands . 

Eigh t  version s wer e writte n fo r  eac h o f  th e booklets ,  reflectin g fou r  differen t  type s o f  elaboratio n 

combine d orthogonall y wit h tw o format s o f  c o m m a n d examples .  Th e fou r  elaboratio n condition s 

consiste d o f  th e following :  (1 )  Th e Simpl e versio n state d th e relevan t  concepts ,  bu t  provide d n o 

elaboratio n o f  thei r  meaning .  (2 )  Th e Elaborate d versio n containe d a n extende d statemen t  o f  th e 

simpl e concepts ,  whil e avoidin g explanator y materia l  insofa r  a s possible .  (3 )  Th e Mode l  versio n 

provide d a  functiona l  mode l  describin g certai n propertie s o f  th e system .  (4 )  Th e Analog y versio n 

provide d a n analog y fro m a  familia r  domain . 

For  eac h elaboratio n condition ,  ther e wer e tw o type s o f  exampl e format .  Th e abstrac t  forma t 

include d a  genera l  descriptio n o f  th e procedur e togethe r  wit h a n abstrac t  statemen t  o f  th e for m o f  th e 

command (e.g .  'm v N A M El  N A M E 2 < c r > " ) .  Th e concret e exampl e forma t  describe d a  specifi c 

instanc e o f  comman d us e an d indicate d th e wa y i n whic h tha t  particula r  c o m m a n d woul d b e writte n 

(e.g .  "m v georg e harry<cr>") . 

Questions .  Fo r  eac h se t  o f  concept s an d command s (eac h booklet) ,  a  se t  o f  relate d question s 

was developed .  Thes e question s wer e divide d int o thre e groups :  procedura l  question s testin g 

knowledg e o f  specifi c  procedures ;  "true-false "  declarativ e questions ,  testin g genera l  knowledg e o f 

command usage ;  an d syste m questions ,  testin g knowledg e o f  overal l  syste m structur e o r  function . 

Procedure 

Each subject was run individually on three consecutive days. On each of the first two days. 

subject s wer e presente d wit h tw o o f  th e fou r  instructio n booklets ,  eac h followe d b y a  relate d se t  o f 

questions .  O n th e thir d da y the y wer e presente d wit h al l  o f  th e question s fro m th e firs t  tw o day s i n 

quasi-rando m order .  Fo r  eac h bookle t  o f  instruction s an d eac h se t  o f  questions ,  th e subjec t  wa s 
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aske d t o rea d alou d th e materia l  an d t o sa y whateve r  cam e t o min d whil e readin g o r  whil e answerin g 

questions . 

Results 

Elaboration Condition. The effect of elaboration condition for the three types of questions 

immediatel y afte r  trainin g (initia l  performance )  i s show n i n Figur e I .  I n general ,  performanc e wa s 

bette r  i n th e mode l  an d analog y condition s tha n i n th e simpl e an d elaborate d conditions .  Procedura l 

and declarativ e question s showe d reliabl e effect s o f  elaboratio n conditio n (F(3.9 )  =  9.20 .  p  <  .01) . 

Model s an d analogie s wer e bes t  fo r  procedura l  questions ,  wherea s th e elaborate d conditio n wa s worst . 

For  th e declarativ e questions ,  analogie s wer e bette r  tha n th e othe r  thre e elaborations .  Th e greates t 

effect s o f  typ e o f  elaboratio n wer e evidence d o n th e syste m question s (F(3.9 )  =  4.03 .  p  <  .05) . 

Response s i n th e mode l  an d analog y condition s indicat e 7 6 % correct ,  wherea s th e response s i n th e 

simpl e an d elaborate d condition s wer e a t  5 0 % . 

Subject s wer e bette r  wit h th e edito r  question s (procedura l  6 2 % :  declarative :  76% )  tha n wit h th e 

othe r  comman d subset s (procedural :  39% :  declarativ e 6 3 % ) .  Thi s i s probabl y du e t o subject s havin g 

had mor e previou s experienc e wit h editor s tha n wit h othe r  type s o f  commands . 

INITIAL PERFORMANCE BY ELABORATION 
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FINAL PERFORMANCE B Y ELABORATION 
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Figur e 2 

Change s i n th e effect s o f  elaboratio n ove r  tim e wer e measure d b y a  final  tes t  afte r  th e 

completio n o f  al l  training .  Th e result s fo r  thi s performanc e ar e show n i n Figur e 2 .  T h e mode l  an d 

analog y condition s continue d t o sho w a  performanc e advantag e fo r  syste m question s whic h require d 

genera l  knowledg e o f  concept s rathe r  tha n individua l  procedures .  T h e ran k orde r  effect s fo r 

procedura l  question s remaine d th e same ,  bu t  difference s a m o n g elaboratio n condition s wer e n o longe r 

reliable .  Presumabl y th e model s an d analogie s provide d relativel y linl e hel p i n retainin g specifi c 

aspect s o f  individua l  commands . 

Examples .  A s ca n b e see n i n Figur e 3 .  th e primar y effec t  o f  example s wa s i n th e procedura l 

case .  Thos e usin g concret e example s go t  5 1 % o f  th e procedure s correct ,  wherea s thos e usin g a n 

abstrac t  forma t  go t  onl y 39* ^  correct .  Presumabl y th e specifi c  example s provid e a  concret e instanc e 

tha t  i s  easie r  t o assimilat e tha n th e genera l  statements .  Thes e specifi c  syntacti c components ,  however , 

di d no t  see m t o hav e genera l  utilit y fo r  eithe r  th e mor e genera l  c o m m a n d informatio n i n th e 

declarativ e questions ,  o r  fo r  th e syste m questions .  A t  th e sam e lime ,  i t  i s  importan t  t o not e tha t 

abstrac t  format s di d no t  improv e response s t o genera l  c o m m a n d (declarative )  questions .  A  singl e 

concret e exampl e appear s t o b e a s usefu l  i n thi s cas e a s th e mor e abstrac t  statement . 
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The effect of examples is largely eliminated during final testing. Unlike the model information. 

example s appeare d t o b e encode d a s separat e instances .  Individua l  retrieva l  o f  thes e item s require d i n 

initia l  performanc e i s  fairl y straightforward ,  however ,  suc h individua l  instance s apparentl y d o no t 

provid e th e kin d o f  schem a tha t  i s  necessar y t o distinguis h a m o n g a  se t  o f  c o m m a n d s a s require d 

durin g final  performance . 

Learnin g an d Forgetting .  Change s i n schemat a ove r  tim e wer e assesse d b y analyzin g respons e 

change s betwee n initia l  an d final  testing .  Learnin g wa s assesse d b y determinin g th e percentag e o f 

wron g answer s o n initia l  performanc e tha t  wer e correc t  o n final  performance .  Forgettin g wa s 

measure d b y determinin g th e percentag e o f  question s tha t  wer e initiall y  correct ,  bu t  whic h wer e wron g 

on th e final  performanc e test .  Th e result s o f  thi s analysi s ar e show n i n Figur e 4 .  I n general ,  ther e 

i s mor e forgettin g tha n learnin g o n th e procedura l  questions ,  wherea s ther e i s  mor e learnin g tha n 

forgenin g o n bot h th e declarativ e an d syste m questions . 
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Thes e result s ar e consisten t  wit h th e notio n tha t  subject s ar e activel y integratin g informatio n 

durin g initia l  testin g a s wel l  a s durin g Mud \  wheneve r  i t  i s  available .  T h e procedura l  question s 

requir e specifi c  sequence s o f  steps ,  an d ther e i s  relativel y linl e informatio n abou t  thos e sequence s 

outsid e o f  th e specifi c  c o m m a n d s .  Th e declarativ e an d syste m questions ,  o n th e othe r  hand ,  d o no t 

requir e specifi c  syntacti c knowledge .  Informatio n fro m othe r  c o m m a n d s ca n b e informativ e abou t  th e 

kind s o f  constraint s impose d o r  abou t  possibl e generalizations .  A s a  consequence ,  t o th e exten t  tha t 

th e materia l  fro m th e differen t  booklet s i s  activel y integrated ,  subject s m a y actuall y b e learnin g o r 

improvin g thei r  understandin g o f  ne w concepts . 

Thi s kin d o f  integrativ e learning ,  however ,  ca n als o hur t  performance .  I f  subject s ar e activel y 

assimilatin g informatio n the y ma y lak e fals e statement s a s true .  I n fact ,  w e foun d tha t  ou r  subject s 

tende d t o chang e almos t  twic e a s man y o f  thei r  response s o n declarativ e question s fro m fals e t o tru e 

(."52% )  a s fro m tru e t o fals e ( 1 7 % ) . 

L E A R N I NG A N D F O R G E T T I N G 
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Discussion 

The results reported here indicate that certain types of elaboration can in fact improve 

performance .  Th e mos t  dramati c effect s o f  model s an d analogie s wer e foun d o n syste m question s 

whic h tappe d genera l  syste m knowledge .  Thes e result s sugges t  tha t  a  mode l  o r  analog y ca n provid e a 

framewor k t o whic h ne w informatio n i s assimilated .  Improve d performanc e wa s eviden t  durin g bot h 

initia l  an d final  tests ,  suggestin g tha t  th e elaboration s provide d a  usefu l  schem a fo r  retention .  Thes e 

result s ar e consisten t  wit h thos e reporte d fo r  basi c tex t  editin g (Bott .  1979 )  an d simpl e programmin g 

task s (Mayer .  1975) . 

Model s an d analogie s als o showe d improvemen t  o n procedura l  an d declarativ e questions . 

suggestin g tha t  elaboration s ca n influenc e differen t  type s o f  information .  A n analysi s o f  error s 

indicate d tha t  improve d performanc e wa s no t  restricte d t o particula r  questions .  I t  i s  likel y tha t  th e 

additiona l  informatio n provide d b y model s an d analogie s improve d performanc e throug h multipl e acces s 

route s activate d i n memor y (Anderso n &  Reder .  1979 ;  Reder .  1979) .  Thes e effects ,  however ,  ar e 

largel y eliminate d durin g final  performance .  Thi s seem s t o b e du e t o tw o factors .  First ,  th e mode l 

informatio n i s no t  specificall y linke d t o individua l  procedures .  Second ,  th e informatio n abou t 

c o m m a nd us e i s bein g integrate d acros s th e variou s commands .  Thi s amount s t o a  typ e o f  sel f 

elaboratio n i n whic h subject s organiz e individua l  c o m m a n d s accordin g t o thei r  ow n models ,  thu s 

minimizin g difference s amon g th e elaboratio n conditions . 

Althoug h ther e i s som e evidenc e o f  assimilation ,  ou r  dat a sugges t  tha t  muc h o f  th e informatio n 

i s store d a s individua l  fact s o r  smal l  cluster s o f  knowledg e rathe r  tha n a s genera l  schemata .  Thi s 

typ e o f  encodin g i s perhap s mos t  eviden t  i n th e us e o f  specifi c  procedure s an d examples .  Concret e 

example s di d improv e performanc e o n procedures ,  eve n i n th e absenc e o f  genera l  models .  B y storin g 

a specifi c  instance ,  subject s coul d apparentl y retriev e tha t  individua l  instanc e a t  th e tim e o f  tes t  wit h a 

relate d example .  Th e importanc e o f  thi s effec t  o f  individua l  instance s wa s note d b y Ros s (1984 )  i n a 

stud y o n reminding .  H e foun d tha t  durin g th e acquisitio n o f  text-editin g skills ,  subject s retrieve d 

procedure s b y bein g reminde d o f  superficia l  resemblance s o f  th e examples .  Thu s subject s woul d ofte n 

us e specifi c  instance s rathe r  tha n an y genera l  model . 

Thi s approac h seeme d usefu l  t o ou r  subject s whe n th e numbe r  o f  command s wa s ver y restricte d 

as i n initia l  testing .  However ,  th e advantag e o f  example s wa s no t  presen t  durin g final  testin g whe n 

subject s wer e require d t o remembe r  numerou s instances .  Presumabl y th e example s ar e usefu l  onl y a s 

lon g a s the y provid e sufficien t  informatio n t o discriminat e amon g differen t  procedures . 

Change s i n performanc e suggeste d tha t  subject s wer e continuin g t o integrat e informatio n durin g 

th e cours e o f  th e study .  Fo r  expert s i n an y domain ,  assimilatio n o f  ne w informatio n i s ofte n 

sufficien t  sinc e the y alread y hav e highl y elaborate d model s o f  a  domain .  I n th e presen t  study ,  som e 

of  ou r  subject s appeare d t o perfor m lik e expert s wit h respec t  t o editin g information ,  a  domai n whic h 

814 



Usin g Menta l  Schemat a S E B R E C H TS &  F U R S T E N B E RG 

was quite familiar. In general, however, our subjects schemata were either missing or distorted. 

The dat a sugges t  tha t  providin g explici t  model s ca n hel p i n th e tas k o f  restructurin g schemat a 

(Rumelhar t  & .  Norman ,  1978 )  o r  i n constructin g ne w ones .  Tha t  process ,  however ,  i s  complex ; 

althoug h providin g specifi c  type s o f  elaboration s ca n improv e performanc e b y providin g a n explici t 

framewor k fo r  integratio n o f  knowledge ,  subject s als o introduc e thei r  ow n strategie s fo r  developin g a 

representatio n o f  th e domain . 
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