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Cognitiv e Processe s o f  On-L in e Formatio n o f  Devic e Mode l s 

Takahis a Furut a 
Facult y o f  Education ,  G u n m a Universit y 

4- 2 Aramaki ,  Maebashi ,  37 1 J A P A N 

f u r u t a @ e d u . g u n m a - u . a c . j p 

In t roduc t io n 

Sinc e previou s studie s o f  devic e model s (menta l  models )  fo -
cu s o n wha t  type s o f  give n model s ar e effectiv e fo r  operation , 
i t  i s  no t  stil l  ver y clea r  h o w model s ar e spontaneousl y forme d 
when n o prio r  informatio n abou t  th e structur e o f  th e targe t 
deice s ar e given .  I n thi s study ,  w e analyze d verba l  protocol s 
of  subject s learnin g t o operat e a  real-time ,  event-driven ,  blac k 
bo x device . 

Experiment 

The syste m use d i n thi s stud y wa s a  wate r  tan k syste m whic h 
had tw o tank s connecte d b y a  pip e a t  th e bottom .  Eac h tan k 
was attache d wit h a  tap ,  an d on e o f  th e tank s ha d a n outlet . 
The tas k wa s t o adjus t  th e heigh t  o f  wate r  i n eac h tan k b y 
manipulatin g tw o knob s whic h contro l  eac h amoun t  o f  wa -
te r  supplie d b y th e taps .  Eac h heigh t  o f  wate r  i n th e tank s 
was indicate d b y color s o f  lamp s show n o n th e C R T display . 
W h en th e actua l  heigh t  o f  wate r  wa s equa l  t o th e targe t  height , 
th e lam p li t  red ,  whe n 5 % below ,  the n green ,  whe n 5 % over , 
the n blue ,  otherwis e black .  Thi s devic e wa s chose n becaus e 
th e output(lamps )  di d no t  reflec t  th e input(kno b turning )  im -
mediately ,  s o i t  wa s difficul t  fo r  subject s t o operat e correctl y 
withou t  knowledg e abou t  it s inne r  structure .  Subject s wer e 
first  require d t o mak e bot h lamp s li t  re d fo r  a t  leas t  6 0 sec -
ond s fo r  tw o successiv e sessions .  The n the y proceede d t o 
tw o transfe r  tasks . 

Results and Discussion 

Examinatio n o f  th e transcribe d verba l  protocol s indicate d tha t 
th e subject s spontaneousl y generate d menta l  model s o f  thei r 
o wn whe n n o informatio n abou t  th e devic e wer e given .  Th e 
generate d model s coul d b e classifie d int o thre e types :  Proce -
dural ,  Functional ,  an d Others . 

A mode l  i s  considere d t o b e a  Procedura l  mode l  i f  th e sub -
jec t  coul d generat e procedure s t o operat e an d predicte d wha t 
consequence s migh t  be ,  thoug h the y faile d t o giv e systemati c 
explanation s abou t  them . 

Functiona l  mode l  i s a  functiona l  descriptio n o f  th e targe t 
device ,  rathe r  tha n structura l  one ,  suc h as.Thi s devic e behave s 
lik e a  balanc e beam . 

The Functiona l  mode l  grou p performe d significantl y bet -
te r  i n th e trainin g session s compare d t o th e Procedura l  mode l 
group(12. 0 vs .  3.7) ,  whic h suggest s th e Functiona l  model s 
capture d fundamental s o f  th e targe t  device . 

Functiona l  Mode l  Procedura l  Mode l 

Prop.(% )  Freq .  Prop.(% )  Freq . 
FactRepor t 
O wn Word s 

Strategi c 
Other s 

64 
15 
9 
13 

46. 0 
II. O 
6.3 
9.3 

74 
2 
13 
12 

57. 0 
1.3 

lO. O 
9. 0 

Tabl e 1 :  Proportio n an d frequency  o f  statement s 

We divided the verbal protocols into segments, and, two 
independen t  judge s classifie d the m int o fou r  categories :  Fac t 
reports .  O w n Wor d Characterization ,  Strategic ,  an d Others . 
Fac t  report s include d statement s o f  "a s is "  descriptio n o f  th e 
respons e o f  th e devic e o r  th e actio n o f  th e subject s them -
selves ,  whil e O w n Wor d Characterizatio n include d interpre -
tation s o f  th e response s o f  th e targe t  device . 

Tabl e 1  show s th e distributio n o f  th e fou r  categorie s o f 
statement s fo r  th e Functiona l  an d Procedura l  grou p subjects . 
Althoug h bot h group s produce d almos t  sam e tota l  number s o f 
statements(p>.l) ,  ther e wer e significan t  difference s i n distri -
bution( p =  .015 8 ) .  O f  th e statement s produce d b y th e Func -
tiona l  mode l  subjects ,  11. 0 ar e report s usin g thei r  ow n char -
acterizatio n a s compare d t o 1. 3 fo r  th e Procedura l  mode l  sub -
jects .  No t  onl y i s th e absolut e numbe r  o f  statement s gener -
ate d b y th e Functiona l  mode l  grou p significantl y greate r  tha n 
th e numbe r  generate d b y Procedura l  mode l  group ,  bu t  propor -
tionately ,  th e Functiona l  mode l  grou p generate d eleve n time s 
as man y O w n Wor d Characterization (  15. 1 % )  a s th e Procedu -
ra l  grou p subjects( l  . 3 % ) . 

Our  result s sugges t  tha t  th e rol e o f  ow n characterizatio n 
appear s t o trigge r  generatin g ne w idea s abou t  th e structur e 
of  th e system ,  whic h seem s wh y th e Functiona l  mode l  grou p 
succeede d i n generatin g goo d models . 
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