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Abstrac t 

We explore the effects of taking notes on problem-solving 
and learnin g i n a  scientifi c  discover y domain .  Participant s 
solve d a  serie s o f  fiv e scientifi c  reasonin g problem s i n a 
compute r  environmen t  i n whic h the y ha d acces s t o a n on -
line ,  unstructure d notepad .  Th e result s sho w tha t  participant s 
who use d th e notepa d performe d bette r  tha n thos e wh o di d 
not  us e it .  Thi s improvemen t  hel d eve n whe n thes e partici -
pant s n o longe r  use d th e notepa d o n subsequen t  tasks .  How -
ever ,  no t  al l  use s o f  th e notepa d wer e equall y effective ;  onl y 
thos e tha t  involve d deepe r  level s o f  processin g wer e relate d 
t o improve d f)erformance . 

Introduction 

At  th e hear t  o f  m u c h scientifi c  endeavo r  lie s th e scientifi c 
method—th e systemati c desig n o f  experiment s t o tes t  hy -
pothese s an d th e interpretatio n o f  th e result s o f  th e experi -
ment s t o asses s th e validit y o f  thos e hypotheses .  Master y o f 
th e scientifi c  method "  i s  considere d crucia l  t o th e enter -
pris e o f  science ,  becaus e i t  applie s acros s scientifi c do -
mains . 

However ,  m a n y studie s sho w tha t  althoug h som e peopl e 
confor m t o a  normativ e mode l  o f  scientifi c  reasoning ,  man y 
d o no t  (e.g. ,  Klah r  &  Dunbar ,  1988 ;  Trickett ,  Trafton ,  & 
Raymond,  1998) .  Instead ,  peopl e frequentl y adop t  other , 
les s optima l  strategies ,  suc h a s conductin g experiment s 
withou t  a  hypothesi s (Klah r  &  Dunbar )  o r  eve n generatin g 
al l  possibl e experiment s (Tricket t  e t  al.) .  I t  i s a  consisten t 
resul t  o f  suc h studie s tha t  peopl e i n general—children ,  col -
leg e students ,  an d adult s alike—fin d scientifi c  reasonin g 
task s har d an d m a y fai l  t o solv e the m altogethe r  (e.g .  Kuhn , 
1989) . 

W h at  ca n b e don e t o suppor t  students ,  bot h a s the y en -
gag e i n scientifi c  reasonin g task s (performance )  an d a s the y 
lear n t o solv e the m withou t  scaffoldin g (learning) ? O n e 
migh t  tak e a  "systems "  approac h t o bolsterin g performance . 
Severa l  option s c o m e t o mind :  a n intelligen t  tutorin g sys -
tem ,  partia l  scaffolding ,  a  comple x hel p system ,  t o nam e a 
few .  However ,  thes e ar e expensive ,  comple x an d time -
consumin g t o buil d (e.g. ,  Anderson ,  Corbett ,  Koedinger ,  & 
Pelletier ,  1995) .  Another ,  les s costl y optio n i s t o focu s o n 
strategie s rathe r  tha n systems .  Fo r  example ,  student s w h o 
ar e taugh t  strategie s o f  self-explanatio n whe n studyin g 
proble m example s hav e bee n show n t o outperfor m thos e 
w ho d o no t  (Chi ,  d e Leeuw ,  Chiu ,  &  LaVancer ,  1994) . 

O ne genera l  strateg y tha t  m a y hel p student s lear n i s tak -
in g notes .  M a n y studie s hav e show n tha t  student s w h o tak e 
note s perfor m bette r  tha n thos e w h o d o not ;  howeve r  othe r 
studie s hav e foun d n o advantag e fo r  student s w h o tak e 

note s (se e Kiewra ,  198 5 fo r  a  review) .  Take n a s a  whole , 
th e literatur e o n note-takin g show s mixe d results . 

I n reviewin g th e finding s o f  th e note-takin g literature , 
Kiewr a (1985 )  suggest s tha t  th e mixe d result s ar e du e t o th e 
kin d o f  note-takin g participant s engage d in .  H e argue s tha t 
note-takin g studie s shoul d focu s o n level s o f  processin g 
durin g note-taking .  Differen t  note-takin g strategie s ma y 
var y considerabl y i n th e leve l  o f  processin g participant s 
must  engag e in .  Sometime s participant s merel y cop y verba -
ti m wha t  i s rea d o r  heard ,  involvin g onl y transcriptio n (e.g. , 
Laidlaw ,  Skok ,  &  McLaughlin ,  1993) .  A t  othe r  times ,  par -
ticipant s engag e i n "conceptua l  note-taking "  (e.g. ,  Rickard s 
& McCormick ,  1988 )  o r  summarizin g materia l  (e.g. ,  King , 
1992) ,  requirin g som e kin d o f  filtering .  O r  participant s ma y 
bas e thei r  note s o n som e for m o f  self-questioning ,  whic h 
involve s som e leve l  o f  synthesi s (e.g. .  Spires ,  1993) . 

Thes e differen t  level s o f  engagement—"transcripdon, " 
"filtering, "  an d "synthesis"—ca n b e understoo d i n term s o f 
theorie s o f  level s o f  processin g withi n th e psychologica l 
literatur e (Crai k &  Lockhart ,  1972) .  Level s o f  processin g 
researc h suggest s tha t  participant s recal l  item s bette r  whe n 
the y proces s materia l  mor e elaboratively .  Technique s tha t 
brin g abou t  deepe r  processin g includ e generatin g elabora -
tion s (Bobro w &  Bower ,  1969) ,  an d usin g advanc e organiz -
er s an d generatin g question s (Frase ,  1975) . 

Viewe d fro m th e level s o f  processin g perspective ,  w e se e 
tha t  mor e elaborativ e note-takin g strategie s lea d t o bette r 
performanc e tha n mor e shallo w su-ategies .  Th e "transcrip -
tion "  leve l  o f  note-takin g correspond s t o level s o f  process -
in g whic h involv e n o elaboration .  Indeed ,  whe n participant s 
simpl y cop y materia l  fro m a  tex t  o r  lecture ,  note-takin g 
doe s no t  resul t  i n bette r  learnin g (Laidlaw ,  Skok ,  & 
McLaughlin ,  1993) .  I n fact ,  suc h note-takin g i s n o mor e 
effectiv e tha n underlinin g (Aye r  &  Milson ,  1993) .  "Con -
ceptua l  note-taking "  an d summarizin g (th e "filtering "  leve l 
of  note-taking )  involv e deepe r  level s o f  processing ,  an d ar e 
mor e effectiv e tha n merel y copyin g materia l  (Rickard s & 
McCormick ,  1988 ;  King ,  1992) .  Note-takin g tha t  involve s 
self-questionin g o r  reorganizin g materia l  (th e "synthesis " 
level )  map s direcU y t o th e elaboradv e self-questionin g 
strategie s implicate d i n superio r  performanc e o n memor y 
tasks .  Thes e note-takin g sU-ategie s resul t  i n bette r  perform -
anc e tha n eithe r  copyin g verbati m (Spires ,  1993 ;  Shimmer -
li k &  Nolan ,  1976 )  o r  summarizin g (King ,  1992) .  I n sum -
mary ,  th e deepe r  th e leve l  o f  processin g involve d i n th e 
note-takin g strategy ,  th e greate r  an d mor e stabl e th e learn -
in g tha t  results . 
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Typically ,  studie s o f  note-takin g hav e bee n conducte d i n 
traditiona l  learnin g environments ,  suc h a s classroom s an d 
lectures .  Littl e researc h ha s bee n don e o n th e effect s o f 
note-takin g o n synthesizin g informatio n i n problem-solving ' 
environments .  Bu t  combinin g th e note-takin g an d deplh-of -
processin g approache s suggest s tha t  som e kind s o f  note -
takin g migh t  indee d b e helpfu l  i n problem-solving ,  an d tha t 
th e strateg y o f  takin g notes—particularl y certai n kind s o f 
notes—migh t  hel p performanc e i n way s othe r  tha n simpl y 
improvin g m e m o r y fo r  information .  I f  so ,  providin g a  note -
takin g facilit y  i n computer-learnin g environment s migh t  b e 
a relativel y straightforwar d an d inexpensiv e mean s o f  im -
provin g performanc e an d learnin g o n problem-solvin g 
tasks . 

One computer-base d problem-solvin g environmen t  i n 
whic h note-takin g i s supporte d i s Smithtown ,  a n economic s 
microworl d tha t  i s considere d a  scientifi c  discover y learnin g 
environmen t  (Shute  &  Glaser ,  1990) .  Empirica l  studie s o f 
student s usin g Smithtow n hav e foun d tha t  successfu l  stu -
dent s mad e mor e noteboo k entries ,  overall ,  tha n les s effec -
tiv e student s (Shute  &  Glaser ,  1990) .  However ,  Smithtown' s 
notepa d i s highl y structured .  I t  contain s bot h implici t  an d 
explici t  instructio n tha t  no t  onl y prompt s th e studen t  t o tak e 
note s bu t  als o suggest s h o w t o se t  abou t  doin g so . 

The typ e o f  note-takin g supporte d b y Smithtow n doe s no t 
appea r  t o involv e th e deepe r  level s o f  processin g discusse d 
above .  I t  i s  no t  k n o w n wha t  effect ,  i f  any ,  mor e elaborativ e 
note-takin g ha s o n problem-solvin g performance .  Perhap s 
more importantl y fo r  a  learnin g system ,  i t  i s no t  know n h o w 
usin g suc h tool s affect s students '  learning ,  tha t  is ,  h o w wel l 
student s perfor m o n subsequen t  task s whe n the y migh t  n o 
longe r  hav e acces s t o suc h a  note-takin g tool . 

I n thi s paper ,  w e presen t  a  re-analysi s o f  3  studie s i n 
whic h student s solve d s o m e simple  scientifi c  reasonin g 
task s i n a n environmen t  whic h provide d acces s t o a  note -
takin g facilit y  tha t  allowe d the m t o tak e free-for m notes . 
Thi s re-analysi s focuse s o n th e note-takin g behavior s o f  th e 
participant s an d th e relationshi p o f  thi s behavio r  t o per -
formanc e o n th e tasks .  I t  provide s importan t  insight s int o 
th e relationship s a m o n g note-taking ,  performance ,  an d 
learning . 

Method 

Thre e separat e studie s wer e conducte d t o investigat e differ -
ent  issue s i n scientifi c  reasoning .  T w o o f  th e studie s wer e 
carrie d ou t  a t  th e sam e time ;  th e thir d wa s conducte d th e 
followin g semeste r  o f  th e sam e schoo l  year .  I n al l  3  studies , 
participant s performe d th e sam e task s an d use d a n identica l 
interface .  Becaus e studie s o f  student s engage d i n problem -
solvin g task s typicall y involv e relativel y smal l  number s o f 
participants ,  an d becaus e ther e wer e onl y mino r  procedura l 
difference s a m o n g th e studies ,  w e combin e dat a fro m al l  3 
studie s i n orde r  t o increas e th e powe r  o f  ou r  analyses . 

Participants 

Participant s i n al l  thre e studie s wer e Georg e M a s o n Univer -
sit y undergraduates ,  w h o receive d cours e credi t  fo r  thei r 
participation .  Ther e wer e 3 0 participant s i n eac h study— a 
tota l  o f  9 0 participant s (4 2 male s an d 4 8 females) . 

You hiv *  takt n a  tumntt r  jo b t t  a n imu«*m«n t  park ,  wortcln y o n th « roll«rcoa8t* r  rld « TI M 
rolkrcoaslc r  I s oparata d b y Ihra a BwNctiaB .  whic h mus t  al l  b a sa l  fo f  th a rw a t o opafat a Th a 
rollarcoaBta f  wil l  giv a th a par k visitor s dirreren t  rklas ,  depandin g o n ho w thas a swUcha a ar a sa t 
Ona o t  th a awKchas ,  howavar .  sarva s a  dlfTafan t  tunctlon .  an d ha s n o anac i  o n th a kin d o f  rW a 
Halof a yo u ar a allowa d l o bagi n oparatin g Ih « rollarcoaiUar ,  yo u mus t  rigur a ou t  w h k h o r  th a 
ywMchas doa a no t  atTac t  Ih a rid a Sa t  aac h o f  th a switchas ,  tha n clic k Mu n Rollafcoasta r  t o sa a 
ho w th a rollarcoaata f  goa s Wha n yo u ar a raad y t o anta r  you r  answar .  clk k SOLV E 
la l  Swtc h 7n d Switc h tr U Swtc h 
LEFT 

"ni e 3r d switc h l a upside-dow n o r  vety-tas t 

Run Rollarcoasta r 

F i g u r e 1 :  S c r e e n s n a p s h o t  o f  r o l l e r - c o a s t e r  t a s k 

Material s 

Fiv e isomorphi c scientific-reasonin g task s wer e developed , 
base d o n a n adaptatio n o f  a  tas k fro m Siegle r  an d Atlas , 
(1976) .  Fo r  example ,  i n on e o f  th e tasks ,  participant s wer e 
tol d the y wer e runnin g a  roller-coaste r  tha t  wa s operate d b y 
thre e switches .  Th e roller-coaste r  gav e a  differen t  ride ,  de -
pendin g o n h o w th e switche s wer e set .  Al l  thre e switche s 
had t o b e se t  fo r  th e roller-coaste r  t o work ;  however ,  on e 
switc h di d no t  affec t  th e kin d o f  ride .  Participant s ha d t o 
identif y th e switc h tha t  di d no t  affec t  th e roller-coaste r  ride . 

Eac h switc h ha d tw o possibl e settings .  Participant s m a -
nipulate d th e settin g o f  eac h switc h an d clicke d o n a  "Ru n 
Roller-coaster "  butto n t o lear n th e kin d o f  rid e produce d b y 
tha t  combinatio n o f  settings .  W e refe r  t o eac h n e w settin g o f 
th e 3  variables ,  followe d b y clickin g o n th e "Ru n Roller -
coaster "  button ,  a s a n experiment .  Participant s coul d ru n a s 
m a ny experiment s a s the y wishe d before  enterin g thei r  so -
lution .  A  recor d o f  eac h experimen t  an d it s result s wa s dis -
playe d i n a  tex t  bo x tha t  remaine d visibl e throughou t  th e 
task .  I f  th e tex t  bo x becam e full ,  participant s coul d us e a 
scrol l  ba r  t o vie w th e result s o f  thei r  earlie r  experiments . 

Th e interfac e als o include d a  notepad ,  consistin g o f  a 
blan k tex t  box ,  o n whic h participant s coul d ente r  informa -
tio n o r  comment s i f  the y chose .  Figur e 1  show s a  scree n 
snapsho t  o f  th e interfac e fo r  th e roller-coaste r  task .  Th e in -
terfac e wa s th e sam e fo r  eac h task ;  onl y th e instructions , 
variables ,  an d answe r  wer e differen t  acros s tasks . 

Differen t  cove r  storie s wer e develope d fo r  fou r  additiona l 
tasks .  Instea d o f  a  roller-coaster ,  thes e task s involve d a  m u -
sica l  instrument ,  a  catapult ,  chemicals ,  o r  genetic s (n o do -
mai n knowledg e wa s require d fo r  an y o f  th e tasks) .  T h e 
task s wer e isomorphi c i n tha t  the y share d th e sam e dee p 
structur e an d coul d b e solve d b y applyin g identica l  proce -
dure s (Simo n &  Hayes ,  1976) .  Fo r  eac h task ,  ther e wer e 
thre e possibl e causa l  variables ,  eac h wit h tw o levels .  O n e 
variabl e ha d n o effect ,  an d th e goa l  wa s identif y tha t  vari -
able . 

Analysi s o f  th e proble m spac e identifie d severa l  differen t 
strategie s b y whic h th e task s coul d b e solved .  Participant s 
coul d tes t  eac h variabl e i n tur n b y changin g it s settin g whil e 
holdin g th e othe r  tw o constant—th e optima l  vary-one-thing -
at-a-tim e strategy ,  o r  V O T A T (Tschirgi ,  1980) .  The y coul d 
identif y th e effec t  o f  eac h leve l  o f  eac h variabl e (e.g. ,  th e 
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thir d switc h i n th e Ict l  positio n make s th e roller-coaste r  g o 
upside-down) .  The y coul d identif y th e effec t  o f  oac h vari -
abl e (e.g. .  th e thir d switc h make s i t  g o upside-dow n o r  last) . 
The y coul d als o fin d tw o differen t  experiment s tha t  yielde d 
th e sam e resul t  an d deduc e tha t  th e vixriabl e whos e settin g 
was differen t  i n thi s pai r  o f  experiment s mus t  no t  affec t  th e 
rid e (.e.g. ,  L E F T .  L E F T .  L E F T :  looping ,  upside-dow n ride ; 
R I G H T,  L E F T .  L E F T :  looping ,  upside-dow n ride) . 

Design 

Ther e wer e fiv e differen t  tasks ,  a s describe d above .  I n 
studie s 1  an d 2 .  ther e wer e tw o conditions ,  a  "sam e task " 
conditio n an d a n "isomoporh "  condition .  I n th e "sam e task " 
condition ,  participant s wer e aske d t o solv e th e sam e tas k 
fiv e times .  I n th e "isomorph "  condition ,  participant s wer e 
aske d t o sol\ e th e serie s o f  five  different ,  isomorphi c tasks . 
I n Stud y 3 ,  al l  participant s solve d th e serie s o f  fiv e differen t 
tasks ,  i.e. ,  wer e i n th e "isomorph "  condition .  I n bot h condi -
tions ,  th e correc t  solutio n fo r  a  tas k wa s randoml y generate d 
fo r  eac h task .  I n al l  thre e studies ,  th e interfac e fo r  th e task s 
was identical .  Al l  participant s ha d acces s t o th e notepad ,  bu t 
wer e neithe r  encourage d t o us e i t  no r  discourage d fro m do -
in g so . 

Measures 

Keystrok e data ,  includin g entrie s participant s mad e o n th e 
notepad ,  wer e collecte d a s participant s solve d th e tasks .  I n 
addition ,  i n Stud y 1 ,  verba l  protocol s wer e collected . 

We use d keystrok e dat a t o determin e th e accurac y o f  eac h 
participant' s solutio n fo r  eac h task .  I n orde r  t o investigat e 
th e us e o f  th e notepad ,  w e identifie d thre e pattern s o f  note -
pad us e an d code d eac h participan t  o n eac h tas k a s follows . 
Eac h tas k o n whic h th e participan t  m a d e a n entr y o n th e 
notepa d wa s code d a s a  us e o f  th e notepad .  W e wer e als o 
intereste d i n an y possibl e carry-ove r  effec t  o f  usin g th e 
notepad .  Consequently ,  afte r  a  participan t  use d th e notepa d 
on on e o r  mor e o f  th e five  tasks ,  eac h subsequen t  tas k o n 
whic h the y di d no t  us e i t  wa s code d a s a  scaffolde d non-us e 
of  th e notepad .  Al l  othe r  task s o n whic h th e participan t  di d 
not  us e th e notepa d wer e code d a s non-us e o f  th e notepa d 
(i.e. ,  task s fo r  whic h participant s di d no t  us e th e notepa d o r 
had no t  use d i t  o n a  previou s task) .  Tabl e 1  illustrate s thi s 
codin g scheme . 

Subj 

100 
100 
100 
100 
100 

Tas k 

1 
2 
3 
4 
5 

Use Notepad ? 

No 
No 
Yes 
Yes 
No 

Notepa d Cod e 

Non-us e 

Non-us e 

Use 
Use 
Scaffolde d non-us e 

Tabl e 1 :  Code s fo r  whethe r  notepa d wa s use d 

In addition to coding whether participants used the note-
pad ,  w e code d h o w the y use d it .  Severa l  type s o f  notepa d 
entr y wer e identified ,  a s follows .  S o m e participant s identi -
fied  wha t  th e variable s di d (IV) .  Thi s categor y include s 
identifyin g th e effec t  o f  eac h leve l  o f  a  variabl e an d identi -
fyin g th e effec t  o f  th e whol e variable .  S o m e participant s 
note d tha t  tw o differen t  experiment s yielde d th e sam e resul t 

(2-same) .  Thes e tw o use s o f  th e notepa d m a p directl y t o th e 
strategie s outline d abov e b y whic h participant s coul d suc -
cessfull y solv e th e task .  S o m e participant s use d th e notepa d 
t o represen t  o r  re-represen t  th e experiment s the y ha d ru n 
(RE) .  S o m e participant s state d a  hypothesi s (SH) .  Entrie s o n 
th e notepa d tha t  engage d th e tas k bu t  di d no t  fit  an y o f  thes e 
categories ,  tha t  merel y type d tex t  tha t  wa s visibl e o n th e 
screen ,  and/o r  wer e use d b y onl y on e participan t  wer e code d 
as "Other "  uses .  Notepa d entrie s tha t  demonstrate d mor e 
tha n on e categor y o f  us e wer e code d a s "Mixed "  entries . 

Ther e wer e nin e entrie s o n th e notepa d tha t  di d no t  fit  an y 
of  th e categorie s describe d above .  Thes e entrie s di d no t 
pertai n t o th e tas k participant s wer e aske d t o solve ;  fo r  ex -
ample ,  the y wer e comment s t o th e experimenter .  Becaus e 
ther e wa s n o connectio n betwee n thes e entrie s an d th e 
problem-solvin g task ,  thes e use s wer e discarde d an d re -
code d a s non-us e o f  th e notepad .  Tabl e 2  summarize s th e 
codin g schem e fo r  type s o f  entr y an d give s example s o f 
eac h category . 

Typ e 

I V 

2-sam e 

RE 

SH 

Othe r 

Mixe d 

Discar d 

Exampl e 

Yerk-bubbly ;  Anjo-green ;  Hop-ho t 
Secon d switc h affect s loopin g o r  backward s 

R RR &  R R L sam e ride ;  L L L &  L L R sam e ride 

1+1 +  1  =  gree n glowin g 
1+2+ 2 =  bubbl y gree n 

It  ma y b e th e secon d switch . 

Green-HI G BIG ;  Clear-BY A H Y A 

Ivor y piec e i s ther e o r  no t 
Plasti c mouthpiec e make s i t  trebl e 

I f  th e answe r  i s no t  chromosom e 5  the n thes e 
survey s shoul d b e deeme d ineffectiv e .. . 

Tabl e 2 :  Code s fo r  typ e o f  notepa d entr y 

Finally, among participants who used the notepad, we 
identifie d th e numbe r  o f  experiment s the y ha d conducte d 
when the y first  use d th e notepa d fo r  a  task .  Thi s numbe r 
coul d rang e fro m 0  (i f  a  participan t  use d th e notepa d befor e 
beginnin g an y experimentation )  t o th e tota l  numbe r  o f  ex -
periment s ru n (i f  the y use d i t  a t  th e en d o f  experimentation) . 

Procedure 

Participant s wer e traine d o n th e interface .  The y practice d 
designin g an d runnin g experiments ,  viewin g th e results ,  an d 
usin g th e notepad .  The y wer e tol d tha t  the y di d no t  hav e t o 
use th e notepad ,  bu t  shoul d d o s o i f  the y wished . 

Results and Discussion 

Althoug h al l  3  studie s wer e experimental ,  eac h wa s de -
signe d t o explor e differen t  issue s i n scientifi c  reasoning . 
Thu s th e result s presente d i n thi s pape r  ar e correlationa l  i n 
natur e an d ar e subjec t  t o th e usua l  caveat s i n interpretin g 
correlationa l  data .  However ,  w e find  evidenc e withi n th e 
studie s tha t  support s a  broade r  interpretation ,  a s w e discus s 
below . 

We first  analyze d th e exten t  t o whic h participant s use d 
th e notepa d i n eac h o f  th e thre e studies .  I n eac h study ,  ther e 
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wer e 3 0 participants ,  w h o eac h performe d 5  tasks ,  i.e. ,  ther e 
wer e 15 0 task s o r  opportunitie s fo r  notepa d use .  I n Stud y 1 , 
ther e wer e 2 6 use s o f  th e notepa d ( 1 7 % o f  tasks) ;  i n Slud y 
2,  ther e wer e 1 6 use s ( 1 1 % o f  tasks) ;  an d i n stud y 3 ,  ihcr c 
wer e 4 0 use s ( 2 7 % o f  tasks) .  I n al l  3  studie s coinbincii , 
ther e wer e 8 2 use s o f  th e notepa d ove r  45 0 task s ( i  8 % o f 
tasks) . 

I n orde r  t o ascertai n tha t  ther e wer e n o quantitativ e dif -
ference s betwee n condition s i n term s o f  notepa d use ,  w e 
performe d a n A N O V A comparin g us e o f  th e notepa d b y 
conditio n (same-task ,  isomorph) .  Th e result s o f  thi s analysi s 
wer e non-significant ,  F  (1 ,  448 )  =  1.23 ,  M S E =  .54 ,  p  =  .26 , 
wit h mean s o f  .4 2 an d .5 ,  respectively .  Thi s suggest s tha t 
participant s i n th e same-tas k conditio n wer e neithe r  mor e 
nor  les s likel y t o us e th e notepa d tha n thos e i n th e isomorp h 
condition .  Therefore ,  becaus e th e numbe r  o f  notepa d use s i n 
eac h individua l  stud y wa s rathe r  small ,  w e combin e th e re -
sult s acros s th e thre e studie s i n al l  subsequen t  analyses . 

Use vs. Non-Use of Notepad 

I n orde r  t o investigat e whethe r  usin g th e notepa d ha d a n 
effec t  o n problem-solvin g performance ,  w e performe d a n 
A N O VA comparin g participants '  correc t  solution s i n non -
use o f  th e notepa d wit h correc t  solution s i n us e o f  th e note -
pad.  Th e resul t  wa s significant ,  F  (1 ,  382 )  =  3.99 ,  M S E = 
.22 ,  p  <  .05 .  (Mean s wer e fo r  . 7 non-us e an d .8 6 fo r  use) . 
Thi s resul t  suggest s tha t  participant s w h o use d th e notepad , 
regardles s o f  h o w the y use d it ,  wer e mor e likel y t o solv e th e 
proble m correctl y tha n participant s w h o di d no t  us e th e 
notepad .  I t  appear s tha t  usin g th e notepa d wa s associate d 
wit h bette r  performanc e i n thi s typ e o f  problem-solving . 

Scaffolded Non-Use of Notepad 

Next ,  i n orde r  t o explor e th e relationshi p betwee n us e o f  th e 
notepa d an d learning ,  w e investigate d whethe r  ther e wa s a n 
effec t  o f  th e scaffolde d non-us e o f  th e notepad .  Recal l  tha t 
scaffolde d non-us e o f  th e notepa d refer s t o thos e task s o n 
whic h participant s di d no t  us e th e notepa d bu t  ha d use d i t 
on prio r  tasks ;  tha t  is ,  i t  refer s t o task s o n whic h the y n o 
longe r  use d th e notepad .  Scaffolde d non-us e o f  th e notepa d 
coul d no t  occu r  o n th e firs t  tas k i n th e serie s o f  fiv e task s 
tha t  participant s performe d an d wa s mor e likel y t o occu r 
late r  i n th e series .  Becaus e i n genera l  performanc e improve d 
as participant s proceede d throug h th e serie s o f  task s (Trick -
ett ,  Trafton ,  &  Raymond ,  1998) ,  w e performe d a n 
A N C O VA comparin g correc t  solution s i n non-us e wit h cor -
rec t  solution s i n scaffolde d non-us e o f  th e notepad ,  wit h 
tas k a s covariate .  Th e resul t  o f  thi s A N C O VA wa s signifi -
cant ,  F  (1 ,  365 )  =  4.04 ,  M S E =  .21 ,  p  <  .05 .  (Mean s wer e 
.6 5 fo r  non-us e an d .8 2 fo r  scaffolde d non-use) . 

The resul t  o f  thi s analysi s suggest s tha t  participant s w h o 
di d no t  us e th e notepa d bu t  ha d use d i t  earlie r  wer e mor e 
likel y t o solv e th e proble m correctl y tha n participant s w h o 
neve r  use d th e notepad .  Thus ,  usin g th e notepa d ca n b e see n 
t o serv e a  scaffoldin g function ,  a s th e benefi t  o f  usin g th e 
notepa d carrie s ove r  t o late r  task s eve n whe n a  participan t 
no longe r  use s it .  Thi s resul t  show s a n associatio n betwee n 
usin g th e notepa d an d improve d learnin g o n thes e tasks . 

Issue s o f  Self-Selectio n 

As discusse d above ,  thes e dat a ar e correlational .  O n e plau -
sibl e interpretatio n o f  th e result s i s therefor e tha t  partici -
pant s w h o use d th e notepa d wer e simpl y mor e likel y t o b e 
successfu l  fo r  reason s unrelate d t o us e o f  th e notepad .  A n -
othe r  possibilit y  i s  tha t  som e participant s wer e inherentl y 
"note-takers "  an d therefor e mor e likel y t o d o bette r  o n th e 
task .  Whil e w e canno t  entirel y rejec t  thes e possibl e expla -
nations ,  w e believ e tha t  ther e i s evidenc e agains t  bot h o f 
them . 

First ,  recal l  tha t  ther e wer e a  numbe r  o f  strategie s b y 
whic h participant s coul d solv e thes e problems .  A s a n ex -
plici t  hypothesis-testin g strategy ,  th e varying-one-thing-at -
a-tim e ( V O T A T )  strateg y i s considere d th e optima l  strateg y 
i n scientifi c  reasonin g task s (Vollmeyer ,  Burns ,  &  Holyoak , 
1996) .  I f  participant s wer e "naturall y good "  a t  scientifi c 
reasonin g tasks ,  w e woul d expec t  the m t o us e th e V O T A T 
strategy .  Contrar y t o thi s expectation ,  however ,  i n Stud y 1 , 
at  least ,  ther e wer e ver y fe w instance s o f  V O T A T (Trickett , 
Trafton ,  &  Raymond ,  1998)' .  Instead ,  i n tha t  study ,  accu -
rac y wa s highl y correlate d wit h systematicity. ^ 

Second ,  give n tha t  systematicit y wa s strongl y relate d t o 
accurac y o n thes e tasks ,  w e migh t  expec t  participant s usin g 
th e notepa d t o b e mor e systemati c tha n thos e w h o di d not . 
However ,  thi s wa s no t  th e case;  ther e wa s n o significan t 
correlatio n betwee n systematicit y an d notepa d us e i n Stud y 
1.  Thu s w e fin d tw o distinc t  strategie s (systematicit y an d 
notepa d use) ,  bot h o f  whic h correlat e wit h successfu l  per -
formance ,  bu t  whic h d o no t  correlat e wit h eac h other .  Thi s 
result ,  couple d wit h th e genera l  lac k o f  th e V O T A T strat -
egy ,  suggest s tha t  notepa d user s wer e no t  jus t  bette r  stu -
dents . 

Third ,  i f  som e participant s wer e simpl y mor e incline d t o 
tak e notes ,  w e woul d expec t  th e majorit y o f  entrie s o n th e 
notepa d t o occu r  ver y earl y i n th e problem-solvin g process , 
tha t  is ,  afte r  participant s ha d ru n onl y a  ver y fe w experi -
ments .  However ,  again ,  thi s wa s no t  th e case .  Acros s al l  5 
tasks ,  onl y 1 6 (19.5% )  o f  th e 8 2 notepa d entrie s wer e m a d e 
i n th e initia l  stage s o f  problem-solvin g (afte r  0  t o 2  experi -
ments) .  Participant s use d th e notepa d fo r  th e firs t  tim e i n th e 
middl e stage s o f  problem-solvin g (afte r  3  t o 5  experiments ) 
on 3 0 task s (36.5%) ,  an d i n th e lat e stage s o f  problem -
solvin g (afte r  6  o r  mor e experiments )  o n 3 6 task s ( 4 4 % ) . 
Tabl e 3  show s a  complet e breakdow n o f  thes e results . 

# experiment s 

0 
# first  use s 

7 
% first  use s 

8.5 % 

'  Us e o f  th e V O T A T strateg y coul d onl y b e determine d i n Smd y 
1,  becaus e verba l  protocol s ar e neede d i n orde r  t o ascertai n tha t 
thi s strateg y i s bein g used .  W e d o no t  expect ,  however ,  tha t  us e o f 
th e V O T A T strateg y woul d hav e bee n greate r  i n studie s 2  an d 3 ; 
note ,  fo r  example ,  tha t  ther e wer e n o use s o f  V O T A T recorde d o n 
th e notepa d i n an y o f  th e studies ,  wherea s al l  th e othe r  strategie s 
wer e represente d o n th e notepad . 

^  Systematicit y refer s t o th e entir e se t  o f  experiment s a  partici -
pant  generate d fo r  a  task .  Participants '  dat a collectio n wa s code d 
as systemati c i f  a t  leas t  7 5 % o f  thei r  experiment s conforme d t o a 
discernibl e pattern . 
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1 
2 
3 
4 
5 

1 ^ 
7 
8 

9+ 

5 
4 
13 
10 
7 
7 
5 
19 
5 

6% 
5% 
16% 
12% 

8.5 % 

8.5 % 

6% 
19% 
6% 1 

Mixe d 5 9 56% 

Tabl e 3 :  Experiment s ru n a t  firs t  us e o f  notepa d 

These results show that by far the majority of participants 
di d no t  approac h thes e task s alread y equippe d wit h th e 
strateg y o f  usin g th e notepad .  Rather ,  the y appea r  t o hav e 
ru n severa l  experiment s an d the n turne d t o th e notepad . 
Particularl y interestin g i s th e fac t  tha t  th e larges t  numbe r  o f 
firs t  use s occurre d afte r  participant s ha d ru n 8  experiments . 
Ther e wer e 8  possibl e differen t  experiment s tha t  coul d b e 
run .  1 9 % o f  firs t  notepa d use s occurre d whe n participant s 
had ru n 8  experiments .  I t  seem s likel y that ,  havin g ex -
hauste d al l  possibilitie s fo r  collectin g data ,  participant s use d 
th e notepa d t o tr y t o m a k e sens e o f  thes e data .  Certainly ,  i t 
doe s no t  appea r  tha t  participant s wer e a  prior i  incline d t o 
tak e notes . 

How the Notepad Was Used 

Th e analyse s describe d abov e sho w tha t  participant s wer e 
mor e accurat e i f  the y use d th e notepa d an d tha t  thi s advan -
tag e wa s maintaine d eve n i f  the y subsequentl y stoppe d us -
in g it .  However ,  th e analyse s d o no t  differentiat e amon g 
differen t  type s o f  notepa d use .  The y d o no t  addres s th e 
questio n o f  whethe r  som e use s o f  th e notepa d wer e mor e 
effectiv e tha n othe r  uses .  T o investigat e thi s question ,  w e 
examine d typ e o f  notepa d entr y i n relatio n t o th e accurac y 
of  th e solution . 

Becaus e th e numbe r  o f  notepa d entrie s fo r  som e catego -
ries  wa s quit e small ,  i t  wa s no t  appropriat e t o perfor m sta -
tistica l  test s t o determin e th e effectivenes s o f  eac h o f  th e 
differen t  way s o f  usin g th e notepad .  Instead ,  w e repor t  th e 
percentage s o f  task s wit h correc t  solution s fo r  eac h typ e o f 
entry .  Tabl e 4  summarize s th e result s o f  thi s analysis .  Th e 
findings  sho w tha t  i f  participant s di d no t  us e th e notepad , 
the y wer e correc t  6 5 % o f  th e tim e (baseline) .  Fou r  type s o f 
entr y o n th e notepa d (identif y variable ,  not e 2-same ,  re -
represen t  experiments ,  an d stat e hypothesis )  wer e a t  leas t 
1 8 % abov e baseline .  T w o type s o f  entry ,  "Other "  an d 
"Mixed, "  wer e belo w baseline . 

Entr y typ e 

None 

Identif y effec t  o f  variabl e 

Not e 2  result s th e sam e 

Re-represen t  experiment s 

Stat e hypothesi s 

Othe r 

#correc t 

197 

35 

5 

10 

7 

1 

tota l 

302 

38 

6 

11 

8 

10 

% correc t 

65% 

92% 

83% 

91% 

88% 

10% 1 

Tabl e 4 :  Percen t  correc t  pe r  typ e o f  entr y 

Thus it would appear that use of the notepad per se is not 
linke d t o mor e successfu l  performance .  Instead ,  s o m e use s 
of  th e notepa d see m t o b e mor e helpfu l  tha n others .  Specifi -
cally ,  usin g th e notepa d t o identif y th e effec t  o f  a  variable , 
not e tw o identica l  results ,  re-represen t  experiments ,  o r  stat e 
a hypothesi s see m relate d t o successfu l  performance .  W e 
thu s reclassifie d thes e fou r  use s a s "good "  use s o f  th e note -
pad .  O n th e othe r  hand ,  usin g th e notepa d fo r  use s code d 
"Other "  o r  mixin g u.se s o f  th e notepa d seem s t o b e associ -
ate d wit h unsuccessfu l  performance .  W e thu s reclassifie d 
thes e tw o use s a s "poor "  use s o f  th e notepad . 

I n orde r  t o tes t  whethe r  "good "  use s o f  th e notepa d wer e 
mor e likel y t o lea d t o successfu l  performanc e tha n "poor " 
uses ,  w e conducte d a  Fisher' s exac t  test .  I n doin g so ,  w e 
violat e on e assumptio n o f  thi s test ,  namel y tha t  th e observa -
tion s wer e independen t  (the y wer e no t  independent ,  becaus e 
eac h participan t  performe d 5  tasks) .  However ,  suc h viola -
tion s usuall y lea d t o a  mor e conservativ e test .  Th e result s o f 
th e Fisher' s exac t  tes t  (two-tailed )  wer e significant ,  p  <.00I . 

Thu s i t  seem s tha t  th e fou r  "good "  use s ar e mor e likel y t o 
be associate d wit h successfu l  performanc e tha n th e tw o 
"poor "  use s o f  th e notepad .  W h y migh t  thi s b e th e case ? W e 
believ e i t  i s  becaus e th e fou r  goo d use s al l  involv e a  deepe r 
leve l  o f  processing .  Thes e helpfu l  uses—identifyin g wha t  a 
variabl e does ,  identifyin g 2  identica l  results ,  re-representin g 
experiment s an d statin g a  hypothesis—al l  requir e reorgani -
zatio n o r  synthesis ,  bot h o f  whic h involv e deepe r  processin g 
tha n simpl y copyin g wha t  i s o n th e screen .  Thi s deepe r  leve l 
of  processin g woul d no t  b e involve d i n th e "Other "  use s o f 
th e notepad ,  no r  perhap s i n th e "Mixed "  uses ,  dependin g o n 
th e combinatio n o f  use s involved .  Furthermore ,  identifyin g 
what  a  variabl e doe s an d identifyin g 2  identica l  result s cor -
respon d t o strategie s b y whic h th e task s coul d b e solved . 
Possibly ,  i f  participant s wer e havin g difficult y solvin g th e 
task ,  usin g th e notepa d migh t  hav e bee n instrumenta l  i n 
helpin g the m t o develo p a  goo d strateg y fo r  th e tasks . 

Concernin g th e "poor "  uses ,  severa l  observation s ca n b e 
made.  First ,  recal l  tha t  th e "Other "  categor y include d in -
stance s wher e th e participan t  jus t  re-type d s o m e tex t  tha t 
was visibl e o n th e screen .  Th e lo w success-rat e fo r  partici -
pant s usin g th e notepa d fo r  "Other "  use s ( 1 0 % )  suggest s 
tha t  usin g th e notepa d i n way s tha t  involv e shallo w proc -
essin g di d no t  help .  Second ,  som e "Other "  use s o f  th e note -
pa d wer e idiosyncratic ,  i n tha t  the y coul d no t  b e categorize d 
accordin g t o th e genera l  type s o f  entr y identifie d a m o n g th e 
majorit y o f  participants .  Thu s i t  m a y b e tha t  thes e "Other " 
use s indicat e confusio n o n th e par t  o f  th e participants .  I t 
seems plausibl e t o thin k tha t  the y turne d t o th e notepa d i n 
an effor t  t o d o somethin g t o m o v e thei r  problem-solvin g 
forward .  However ,  becaus e the y ha d n o clea r  ide a abou t 
h o w t o us e th e notepa d effectively ,  i t  wa s o f  n o benefi t  i n 
thes e cases . 

Finally ,  i n 8  ou t  o f  th e 9  case s o f  "Mixed "  entry ,  on e o f 
thos e use s wa s "Other. "  O n 5  o f  thos e 8  tasks ,  th e "Other " 
us e c a m e first  an d wa s followe d b y th e helpfu l  use .  Partici -
pant s wer e correc t  o n 4  o f  thos e 5  tasks .  If ,  th e "Other "  us e 
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i s  evidenc e o f  floundering,  a s suggeste d above ,  thi s shif t  i n 
typ e o f  notepa d entr y migh t  b e a n indicatio n o f  a  transitio n 
poin t  i n thei r  problem-solving .  Althoug h ther e ar e to o fe w 
instance s t o allo w u s t o dra w fir m conclusions ,  th e dat a an d 
th e trac e o f  problem-solvin g activit y provide d b y th e note -
pad entrie s sugges t  tha t  thes e participant s wer e abl e t o re -
cove r  fro m thei r  confusio n an d mov e t o a  goo d solutio n 
strategy . 

General Discussion 

The result s describe d abov e sho w tha t  participant s wh o use d 
th e notepa d wer e mor e likel y i n genera l  t o solv e th e prob -
le m correctl y tha n thos e wh o di d no t  us e it .  Moreover ,  thi s 
advantag e wa s maintaine d eve n i f  participant s stoppe d usin g 
th e notepa d o n subsequen t  tasks .  Althoug h thes e dat a ar e 
correlational ,  ther e i s som e evidenc e t o sugges t  tha t  partici -
pant s wh o use d th e notepa d wer e neithe r  "better "  student s 
nor  fo r  som e reaso n intrinsicall y incline d t o us e th e notepad . 
I n addition ,  onl y use s o f  th e notepa d tha t  involv e deepe r 
level s o f  processin g wer e associate d wit h successfu l  per -
formance ;  thos e tha t  involv e shallo w level s wer e not . 

Thes e findings  exten d th e curren t  researc h o n note-takin g 
durin g problem-solvin g i n a  numbe r  o f  ways .  First ,  th e gen -
era l  finding  tha t  participant s wh o use d th e notepa d wer e 
more successfu l  tha n thos e wh o di d no t  suggest s tha t  takin g 
note s ca n indee d b e a  helpfu l  strateg y i n a  problem-solvin g 
domain .  I t  appear s tha t  th e benefit s o f  takin g note s exten d 
beyon d boostin g th e simpl e recal l  o f  learne d material ,  t o 
helpin g student s mak e sens e o f  dat a the y hav e generate d 
and possibl y t o helpin g the m t o develo p goo d problem -
solvin g strategies . 

Second ,  w e sugges t  tha t  th e reaso n som e use s o f  th e note -
pad wer e relate d t o bette r  performanc e whil e other s wer e 
not  i s tha t  th e "good "  use s engage d th e participant s i n 
deeper ,  mor e elaborativ e processin g tha n th e poo r  uses .  W e 
furthe r  specif y thos e kind s o f  note-takin g tha t  involv e 
deepe r  processing . 

Third ,  th e finding  tha t  th e benefi t  o f  usin g th e notepa d 
carrie d ove r  t o task s o n whic h participant s n o longe r  use d i t 
suggest s tha t  takin g note s ca n actuall y hel p student s learn . 
Thi s findin g furthe r  support s ou r  interpretatio n tha t  usin g 
th e notepa d helpe d participant s develo p robus t  problem -
solvin g strategie s tha t  the y continue d t o appl y acros s tasks . 
Havin g develope d a  soun d strategy ,  participant s mos t  likel y 
no longe r  neede d th e scaffoldin g provide d b y th e notepa d 
but  coul d continu e thei r  problem-solvin g effort s independ -
ently . 

Take n together ,  th e result s sugges t  tha t  havin g student s 
tak e note s tha t  involv e deepe r  processin g a s the y solv e sci -
entifi c  reasonin g task s i s on e mean s b y whic h thei r  per -
formanc e migh t  b e improved .  Providin g a  note-takin g facil -
it y  fo r  student s engage d i n thes e type s o f  problem s i s a n 
inexpensiv e an d comparativel y straightforwar d for m o f 
scaffoldin g tha t  ma y hav e th e furthe r  advantag e o f  helpin g 
student s lear n genera l  strategie s b y whic h thes e problem s 
can b e solved . 

As w e hav e mentioned ,  thes e conclusion s remai n tenta -
tive ,  becaus e o f  th e correlationa l  natur e o f  th e data .  W e 
canno t  decisivel y rejec t  othe r  possibl e explanations ,  suc h a s 

tha t  th e notepa d user s wer e "better "  problem-solvers ,  al -
thoug h w e find  evidenc e t o sugges t  tha t  thi s i s no t  th e case . 
Clearly ,  ou r  nex t  ste p i s t o tes t  thes e result s experimentally , 
by manipulatin g us e o f  th e notepa d an d providin g th e ap -
propriat e controls .  Thi s experimen t  i s currend y bein g run . 
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