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Cognitiv e Processe s i n Spreadshee t  C o m p r e h e n s i o n 

Brun o Kmon d (hruno_EMOND@uqah.UQUEHEC.CA) 
Ddparlcincn l  dc s Science s d c I'Educatio n 

Universit d d u Qudbe c 5  Hul l 
Case Postal e 1250 ,  Succursal e B . 
Hul l  (Quebec )  Canada .  J8 X 3 X 7 

Thi s researc h focuse s o n developin g cognitiv e model s o f 
representation s an d processe s o f  learner s i n a  compute r 
mediate d communicatio n environment .  Th e purpos e o f 
th e researc h i s t o enhanc e traditiona l  an d networ k 
workin g environment s wit h intelligen t  help ,  tutor s an d 
performanc e suppor t  systems .  Th e curren t  researc h 
activitie s ar e centere d o n developin g cognitiv e model s o f 
basi c softwar e application s foun d i n computer-supporte d 
cooperativ e wor k environment s suc h a s spreadsheets . 

Spreadsheet s program s ar e certainl y on e o f  th e mos t 
widel y en d use r  application s use d i n organizations . 
Althoug h th e usabilit y an d powe r  o f  spreadsheet s hav e 
m a de i t  a  succes s story ,  ther e ar e stil l  som e usabilit y 
issue s regardin g th e eas e o f  understandin g an d learnin g 
an analytica l  mode l  implemente d i n a  spreadsheet . 
Give n th e importan t  rol e spreadsheet s pla y fo r 
communicatio n an d cooperatio n i n organization s (Nard i 
& Miller ,  1991) ,  an d th e growt h o f  groupwar e integratin g 
spreadsheet s functionalities ,  i t  appear s essentia l  t o 
develo p a  cognitiv e mode l  o f  representatio n an d 
processe s fo r  softwar e desig n an d evaluatio n an d fo r 
desig n an d evaluatio n o f  learnin g materia l  usin g 
spreadshee t  functionalities . 

Th e curren t  stag e o f  thi s researc h i s  focuse d o n 
buildin g a  cognitiv e mode l  o f  ho w spreadshee t 
representationa l  tool s determin e th e constructio n o f 
menta l  model s o f  som e knowledg e domain .  Thi s i s  a n 
importan t  issu e fo r  designin g learnin g materia l  usin g 
spreadsheet s give n tha t  i t  i s  wel l  know n tha t  the y impos e 
an opacit y betwee n th e presentatio n laye r  i n th e for m o f 
tabula r  dat a an d th e underlyin g functiona l  laye r  tha t 
support s computatio n (Isakowitz ,  Schocken ,  &  Lucas , 
1995 ;  Hendry ,  &  Green ,  1994 ;  Saariluoma ,  &  Sajaniem , 
1991 ;  Reitma n Olson ,  &  Nilsen ,  1987-1988) .  Th e mode l 
shoul d b e abl e t o explai n spreadshee t  expertis e i n term s 
of  A )  skill s  require d fo r  extractin g menta l  representation s 
of  th e functiona l  laye r  throug h exploratio n o f  th e 
presentatio n layer ,  B )  skill s  require d fo r  implementin g 
spreadshee t  model s tha t  render s a s explici t  a s possibl e 
th e functiona l  layer ,  an d C )  skill s  require d t o pas s freel y 
fro m th e mathematica l  representatio n o f  a  proble m t o it s 
specifi c  spreadshee t  implementatio n (whic h likel y hav e 
differen t  computationa l  propertie s suc h a s th e estimatio n 
of  continuou s function s b y a  serie s o f  iterations) . 

Th e empirica l  dat a o n spreadshee t  exploratio n show s 
tha t  exploratio n o f  th e functiona l  laye r  i s  determine d 
strongl y b y th e presentatio n laye r  (Saariluoma ,  & 
Sajaniem ,  1991) .  Recen t  innovation s o n spreadshee t 
program s suc h a s Exce l  5. 0 hav e mad e possibl e th e 

representatio n o f  functiona l  dependencie s a t  th e 
presentatio n laye r  usin g graphica l  object s (pointin g 
arrows) .  A  pilo t  experimen t  ha s bee n conducte d t o 
examin e th e exten d t o whic h thes e tool s wer e facilitatin g 
extractio n o f  th e functiona l  laye r  b y spreadshee t 
exploration .  Preliminar y result s sho w tha t  novic e user s 
ar e highl y boun d t o th e presentatio n laye r  i n thei r 
exploratio n an d tha t  fe w exploratio n move s ar e base d o n 
th e functiona l  structur e withstandin g thei r  familiarit y wit h 
graphica l  arrow s an d th e fac t  th e spreadsheet s containe d 
tex t  labels .  Thes e empirica l  result s sugges t  th e nee d fo r 
supervisor y guidanc e durin g spreadshee t  exploratio n b y 
novice s fo r  th e purpos e o f  learnin g economic s o r 
accountin g concepts . 

A mode l  o f  novic e spreadshee t  comprehensio n an d 
exploratio n i s currentl y unde r  developmen t  usin g A C T - R 
(Anderson ,  1993) .  Th e mode l  include s declarativ e 
memory element s lo r  th e presentation ,  lunclional ,  an d 
bindin g unit s (linkin g presentatio n t o functiona l  units) .  A 
set  o f  productio n rule s control s th e creatio n o f  bindin g 
unit s an d th e selectio n o f  th e nex t  cel l  t o select .  Thi s 
model  i s providin g a  cognitiv e foundatio n fo r  spreadshee t 
desig n principles ,  an d coul d b e use d t o supervis e an d 
guid e learner s i n learnin g economic s o r  accountin g 
concept s implemente d i n spreadshee t  applications . 
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