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Abstrac t 
Thi s pape r  present s result s from a  stud y tha t  attempte d t o replicat e unexpecte d finding s from a  previou s stud y (Shut e &  Gawlick , 

1995 )  whic h investigate d th e effect s o f  differentia l  practic e opportunitie s o n skil l  acquisition ,  outcome ,  efficiency ,  an d retention . 
Thes e sam e variable s wer e examine d i n a  ne w stud y (̂ = 380) ,  an d th e followin g result s wer e replicated :  (1 )  Learner s receivin g fewe r 
practic e opportimitie s complete d th e curriculu m significantl y faste r  tha n th e othe r  practic e conditions ,  bu t  a t  th e expens e o f  greate r 
errors ;  an d (2 )  Despit e acquisitio n differences ,  al l  group s performe d comparabl y o n th e outcom e measure .  Thi s stud y als o examine s 
th e effect s o f  learne r  contro l  (LC )  o n thes e sam e parameters .  W e include d a  conditio n wher e student s chos e thei r  degre e o f  practice , 
per  proble m set .  Overall ,  thi s grou p complete d th e curriculu m faster ,  an d showe d th e highes t  outcom e efficiencies ,  relativ e t o th e 
othe r  conditions .  Preliminar y result s from  th e retentio n par t  o f  thi s stud y ( n =  76 )  continu e t o sho w a n overal l  L C advantage ,  a s wel l 
as a  significan t  conditio n x  gende r  interaction .  Tha t  is ,  th e L C conditio n i s optima l  fo r  males ,  whil e th e extende d practic e conditio n i s 
best  fo r  females .  W e discus s th e implication s o f  thes e fmding s i n relatio n t o th e desig n o f  efficaciou s instruction . 

H o w doe s practic e affec t  knowledg e an d skil l  acquisition , 
learnin g outcome ,  efficiency ,  an d retention ? O n th e on e 
hand ,  ther e i s a  lo t  o f  suppor t  fo r  th e "practic e make s 
perfect "  positio n (e.g. ,  Brya n &  Harter ,  1899 ;  Schneide r  & 
Shiffrin ,  1977) .  M o r e recently ,  Anderso n (1993 )  ha s 
provide d compellin g evidenc e for ,  an d conclude d that , 
"Student s achiev e a t  highe r  level s i f  the y solv e mor e 

problems ,  whateve r  th e regimen .  "  (p .  160) .  O n th e othe r 
hand ,  Schmid t  an d Bjor k (1992 )  presente d som e interestin g 
studie s showin g h o w ,  relativ e t o a  "standard "  practic e 
condition ,  acquisitio n condition s tha t  slowe d di e rat e o f 
improvement ,  o r  decrease d performanc e durin g practice , 
stil l  yielde d enhance d post-trainin g performance .  W h a t  i s 
ultimatel y learne d m a y therefor e b e obscure d durin g th e 
acquisitio n process ,  a s relativel y permanen t  effect s becom e 
confounde d wit h temporar y performanc e effect s tha t  m a y 
disappea r  afte r  th e practic e sessio n i s finished ,  o r  whe n di e 
tes t  condition s change . 

Th e literatur e o n learne r  contro l  i s  eve n les s definitive . 
Computerize d learnin g environment s ca n b e characterize d 
b y th e amoun t  o f  learne r  contro l  supporte d durin g th e 
learnin g process .  Thi s dimensio n ca n b e viewe d a s a 
continuu m rangin g from  minima l  (e.g. ,  rot e o r  didacti c 
environments )  t o ahnos t  complet e learne r  contro l  (e.g. , 
discover y environments) .  T w o opposin g perspective s 
addres s di e issu e o f  th e bes t  learnin g environmen t  t o buil d i n 
intelligen t  instructiona l  software .  O n e approac h i s t o 
develo p a n environmen t  whic h provide s th e learne r  freedom 
t o explor e an d lear n (e.g. ,  Collin s &  Brown ,  1988 ;  Shute , 
Glaser ,  &  Raghavan ,  1989) .  Th e othe r  approac h argue s tha t 
i t  i s  mor e efficaciou s t o develo p directiv e learnin g 
environment s (e.g. ,  Corbet t  an d Anderson ,  1989 ;  Sleeman , 
Kelly ,  Martinak ,  Ward ,  &  Moore ,  1989) .  Actually ,  dii s 
disparit y m a y b e resolve d by ,  instea d o f  lookin g fo r  mai n 
effect s o f  learnin g environment ,  additionall y considerin g 
learne r  characteristic s wit h th e goa l  o f  identifyin g optima l 
learnin g environment s fo r  specifi c  kind s o f  persons . 

Thi s pape r  report s th e result s from  a  large-scal e stud y Q ^ 
= 380 )  conducte d t o replicat e previously-obtaine d (an d 
unexpected )  findings  tha t  als o teste d practic e effect s o n skil l 
acquisition ,  learnin g outcome ,  efficiency ,  an d retention .  I n 
addition ,  w e examin e th e rol e o f  learne r  confro l  i n relatio n 
t o thes e sam e parameters .  W e repor t  th e result s from  phas e 1 
of  th e stud y that' s bee n completed ,  an d presen t  preliminar y 
result s from  a  follow-o n portio n o f  th e experimen t  wher e th e 
same learner s return ,  afte r  6  months ,  t o se e h o w m u c h the y 
remember ,  an d i f  tha t  differ s du e t o origina l  practic e 
condition . 

Our  previou s learnin g criterio n tas k (Shut e &  Gawlick , 
1995 )  wa s a n intelligen t  tutorin g syste m teachin g flight 
engineerin g knowledg e an d skills ,  divide d int o tw o mai n 
curriculu m sections .  Eac h sectio n ha d tw o alternativ e 
conditions ,  differin g onl y i n th e numbe r  o f  practic e 
opportunitie s acros s proble m sets :  "Abbreviated "  (A )  an d 
"Extended "  (E) .  Thus ,  ther e wer e fou r  practic e conditions : 
A A,  A E ,  E A ,  E E .  Despit e difference s i n acquisitio n (i.e. , 
learner s i n th e abbreviate d condition s mad e mor e error s 
durin g proble m solutio n compare d t o th e othe r  group s 
receivin g mor e practic e opportunities) ,  group s performe d 
th e sam e acros s al l  leamin g outcom e measure s (surpris e #1) . 
We speculate d tha t  practic e effects ,  whil e no t  readil y 
apparent ,  m a y sho w u p afte r  som e perio d o f  tim e ha d 
elapsed .  I n fact ,  th e secon d experimen t  showe d evidenc e fo r 
practic e effect s o n long-ter m retentio n (i.e. ,  afte r  mor e tha n 
tw o years) ,  bu t  no t  i n th e predicte d directio n (surpris e #2) . 
That  is ,  learner s i n th e m k e d condition s (switche d 3/ 5 o f  th e 
w ay throug h th e curriculu m from  on e practic e conditio n t o 
another )  showe d significantl y greate r  retentio n compare d t o 
thos e assigne d t o eithe r  o f  th e tw o homogeneou s conditions . 

I n th e curren t  study ,  w e us e th e sam e fou r  treatmen t 
condition s a s i n th e previou s study ,  bu t  hav e employe d a 
completel y differen t  instructiona l  environmen t  (i.e. ,  Sta t 
Lady ,  teachin g introductor y statistics )  t o tes t  th e 
generalizabilit y  o f  th e previou s fmding s i n a  differen t 
domain .  Furthermore ,  w e includ e a  fifth  treatmen t  condition . 
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Learne r  Contro l  (LC) ,  whic h allow s learner s t o selec t  th e 
number  o f  problem s t o solve ,  pe r  proble m set ,  rathe r  tha n 
solvin g a  fixed  numbe r  o f  problems .  B y includin g thi s ne w 
treatmen t  condition ,  w e ca n tes t  th e effect s o n thes e sam e 
learnin g parameter s whe n learner s ar e i n contro l  o f  thei r 
practic e opportunities .  D o individuals ,  i n general ,  hav e th e 
necessar y metacognitiv e skill s  t o k n o w whe n additiona l  hel p 
i s needed ,  o r  whe n they'v e ha d enoug h practice ? Ar e ther e 
individua l  difference s i n term s o f  w h o benefit s mos t  b y thi s 
condition ? 

Hypotheses 

Skil l  Acquisition .  Base d o n previou s findings ,  an d give n 
fewe r  practic e opportunitie s i n whic h t o appl y newly -
developin g knowledg e an d skills ,  w e expecte d learner s 
assigne d t o th e mor e limite d practic e condition s t o exhibi t 
more error s durin g learnin g compare d t o thos e learnin g from 
th e mor e extende d conditions .  W e fiirther  expecte d learner s 
i n th e L C conditio n t o perfor m abou t  averag e durin g skil l 
acquisition ,  makin g a  moderat e numbe r  o f  error s compare d 
t o ih e othe r  conditions .  Thi s wa s base d o n th e belie f  tha t 
thes e learner s woul d elec t  t o solv e a  larg e rang e o f  problem s 
due t o individua l  difference s i n genera l  aptitude , 
metacognitiv e skills ,  an d personalit y traits .  Th e resul t  wa s 
expecte d t o balanc e ou t  a t  a  middl e leve l  o f  performance . 

Learning Outcome. We predicted no differences on the 
posttes t  measur e amon g groups ,  give n finding s from  th e 
previou s study .  However ,  i f  ther e wer e an y differences ,  w e 
expecte d learner s i n th e mos t  extende d condition s t o 
perfor m bette r  o n th e outcom e measure s compare d t o 
learner s i n th e abbreviate d condition s give n the y woul d hav e 
had significantl y mor e practic e opportunitie s (Anderson , 
1993) .  Wit h regar d t o th e L C condition ,  w e speculate d tha t 
thes e individual s woul d sho w a n intermediat e leve l  o f 
outcom e performanc e give n greate r  variabilit y  i n th e numbe r 
of  problem s the y chos e t o solve . 

Learning Efficiency. The time taken to complete the tutor 
shoul d b e a  direc t  functio n o f  practic e condition .  Thus , 
learner s i n th e mos t  abbreviate d condition s woul d tak e th e 
leas t  amoun t  o f  tim e t o complet e th e curriculu m give n fewe r 
problem s t o solve ,  an d learner s i n th e mos t  extende d 
condition s woul d tak e th e mos t  amoun t  o f  time .  Learner s i n 
th e L C conditio n wer e expecte d t o tak e a n intermediat e 
amount  o f  tim e a s w e believe d tha t  learner s ar e ofte n no t 
cognizan t  o f  thei r  cognitiv e strength s an d weaknesses ,  no r 
ar e man y o f  the m sufficientl y motivate d t o continu e 
practicin g unti l  a  skil l  i s mastered . 

Retention. On the basis of our earlier findings (Shute & 
Gawlick ,  1995) ,  w e hypothesize d tha t  learner s i n th e mixe d 
practic e condition s woul d sho w greate r  retentio n o f  th e 
materia l  compare d t o learner s i n th e homogeneou s 
condition s followin g a  6-mont h la g betwee n origina l  an d 
retentio n testing .  W e als o hypothesize d tha t  learner s 
originall y assigne d t o th e L C conditio n woul d sho w 
average ,  t o above-averag e level s o f  retentio n base d o n a 
fairl y  typica l  finding  i n th e learner-contro l  literatur e whic h 
suggest s tha t  increase d contro l  ove r  one' s environmen t 
render s th e learnin g experienc e mor e enjoyable ,  particularl y 

fo r  high-abilit y  learner s (e.g. ,  Hannafi n &  Sullivan ,  1996 ; 
Shut e &  Gawlick-Grendell ,  1994 ;  Swanson ,  1990) .  Finally , 
i n additio n t o testin g fo r  mai n effect s o f  conditio n o n 
retention ,  w e wer e intereste d i n examinin g th e rol e o f 
gender ;  specificall y i n term s o f  a  possibl e interactio n wit h 
condition .  Whil e w e di d no t  expec t  t o se e a  mai n effec t  o f 
gender ,  w e di d posi t  a  gende r  x  conditio n interactio n 
whereb y male s wer e expecte d t o sho w greate r  retentio n 
havin g learne d i n th e L C conditio n (compare d t o th e othe r 
conditions) ,  an d female s t o sho w bette r  retentio n havin g 
learne d from  mor e extende d practic e conditions .  Thi s 
hypothesi s wa s motivate d b y Shut e &  Cluc k (i n press )  w h o 
reporte d tha t  male s showe d significantl y mor e 
independent/explorator y behavior s tha n female s w h e n 
learnin g from  a n on-lin e instructiona l  system ,  an d thi s 
particula r  tendenc y woul d b e well-suite d t o th e L C 
condition ,  possibl y resultin g i n increase d retention . 

Method 

Participants 

A tota l  o f  38 0 individual s participate d i n thi s experiment , 
obtaine d from  loca l  temporar y employmen t  agencies .  Th e 
age rang e o f  th e sampl e wa s betwee n 18-3 0 year s (Mea n = 
22) ,  an d al l  ha d a  hig h schoo l  diplom a o r  equivalent . 
Overall ,  6 6 % o f  th e sampl e wa s male ,  an d n o on e ha d an y 
prio r  exposur e t o statistic s courses .  Participant s wer e pai d 
fo r  takin g par t  i n th e stud y an d informe d tha t  the y neede d t o 
retur n i n 6  month s fo r  phas e 2~retentio n testing .  T o 
motivat e thei r  return ,  w e offe r  a  monetar y bonus .  Currently , 
we hav e collecte d dat a from a  tota l  o f  7 6 individual s w h o 
hav e returne d fo r  th e secon d par t  o f  th e study . 

Materials 

The first  modul e o f  th e Sta t  Lad y Descriptiv e Statistic s 
serie s (DS-1 ,  Shut e &  Cluck ,  1994 )  wa s use d a s th e 
comple x learnin g tas k i n th e experiment s describe d i n thi s 
pape r  (fo r  mor e o n thi s module ,  se e Shute ,  1995) .  Th e 
curriculu m wa s decompose d vi a a  cognitiv e tas k analysi s 
int o curriculu m element s (CEs) ,  representin g low-leve l  bit s 
of  knowledg e an d skil l  (e.g. ,  identif y th e ̂ onbo l  fo r 
summation ,  su m al l  frequencies  i n a  give n sample) .  I n thi s 
study ,  participant s receive d 7 7 CEs ,  arrange d from  simpl e t o 
mor e comple x concept s an d skills ,  an d sprea d acros s five 
mai n proble m set s o r  topics :  (a )  frequency  distributions ,  (b ) 
proportion s an d percentages ,  (c )  groupe d frequency 
distributions ,  (d )  cumulativ e frequency  distributions ,  an d (e ) 
plotting .  Eac h C E (o r  smal l  grou p o f  relate d CEs )  wa s 
instructe d b y Sta t  Lady ,  the n individual s wer e assesse d fo r 
C E master y o n th e basi s o f  thei r  proble m solvin g 
performances .  I n thi s study ,  th e numbe r  o f  problem s tha t 
learner s solve d (pe r  proble m set )  wa s solel y a  functio n o f 
assigne d condition .  Al l  learner s ha d t o solv e betwee n 1  t o 4 
CE-relate d problem s befor e movin g o n t o th e nex t  proble m 
set .  I f  a  learne r  gav e a n incorrec t  answe r  o r  solution ,  Sta t 
Lad y intervene d wit h progressivel y mor e specifi c  feedbac k 
relate d t o th e particula r  error .  Learner s wer e allowe d u p t o 
thre e error s befor e Sta t  Lad y provide d th e correc t  answer . 

Becaus e eac h C E wa s directl y mappe d t o a  specifi c 
question/proble m (note :  som e C E s ha d severa l  associate d 
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questions) ,  participant s i n th e extende d conditio n receive d 
thre e mor e question s pe r  C E tha n learner s i n th e abbreviate d 
conditio n (maintainin g a  4: 1 rati o betwee n extende d an d 
abbreviate d practic e opportunities) .  A t  th e en d o f  th e tutor , 
th e syste m compute d eac h learner' s averag e numbe r  o f 
question s an d errors ,  pe r  C E .  Th e "questions "  variabl e wa s 
constan t  fo r  learner s i n th e fixed  practic e condition s (bu t 
varie d fo r  th e L C condition )  whil e th e "errors "  variabl e 
differe d fo r  al l  learners ,  reflectin g degre e o f  problem -
solvin g difficulty .  Sta t  Lady' s three-leve l  feedbac k thu s 
allowe d learner s t o mak e betwee n 0  t o 3  errors ,  pe r 
question . 

T o asses s learnin g outcome ,  duplicat e item s wer e create d 
t o asses s knowledge/skil l  relate d t o eac h o f  th e 7 7 CEs .  Thi s 
resulte d i n tw o paralle l  form s o f  a  tes t  ( A an d B )  tha t  wer e 
administere d on-line ,  befor e an d afte r  th e tutor .  Fo r  mor e 
detail s o n th e specific s o f  thes e tests ,  se e Shut e (1995) . 

Design and Procedure 

I n th e previou s study ,  participant s wer e eithe r  switche d t o 
a ne w practic e conditio n (e.g. ,  A - ^ E ) ,  o r  remaine d i n th e 
same on e (e.g. ,  E->E )  abou t  3/ 5 o f  th e wa y throug h th e 
tutor .  Similarly ,  i n thi s study ,  learner s (no t  i n th e L C 
condition )  wer e eithe r  switche d t o a  ne w conditio n o r 
remaine d i n th e sam e one ,  afte r  th e 3r d (o f  5 )  proble m sets . 
Thus ,  ther e wer e a  tota l  o f  5  practic e conditions :  (a )  A A 
(/i=86) ,  (b )  A E («=60) ,  (c )  E A (n=58) ,  (d )  E E (w=88) ,  an d 
(e )  L C (/i=88) . 

Participant s wer e teste d i n group s o f  abou t  20 ,  an d 
randoml y assigne d t o a  condition .  Give n th e tw o part s o f  th e 
tuto r  an d th e 4: 1 rati o describe d above ,  th e tota l  numbe r  o f 
problem s presented ,  pe r  condition ,  were :  A A (5) ,  A E (11) , 
E A (14) ,  E E (20) ,  an d L C (variable ,  betwee n 5  -  20) . 

On-lin e demographi c questionnaire s an d pretest s wer e 
administere d t o al l  participants .  Afte r  completin g both ,  the y 
proceede d t o lear n from  th e tuto r  whic h took ,  o n average , 
abou t  5  h r  t o complete .  Finally ,  al l  participant s wer e 
administere d a n on-lin e posttes t  assessin g th e ftiU  rang e o f 
knowledg e an d skill s  acquire d from  th e tutor . 

Participant s i n th e first  phas e o f  thi s stud y wer e aske d t o 
retur n 6  month s afte r  learnin g from  Sta t  Lad y t o tak e par t  i n 
th e follow-u p portio n (phas e 2 )  o f  th e study .  Currently ,  2 0 % 
of  th e origina l  sampl e ha s returne d («=76) .  Th e averag e la g 
betwee n origina l  an d retentio n testin g =  26. 3 week s (S D = 
2. 7 w k ) .  Th e distributio n o f  th e returnin g participants ,  b y 
condition ,  is :  A A (/i=13) ,  A E («=12) ,  E A (/j=16) ,  E E 
(n=12) ,  an d L C (n=23) . 

Testin g fo r  th e retentio n par t  o f  th e stud y i s bein g 
conducte d i n smal l  group s o f  abou t  5  persons ,  ove r  on e day . 
Prio r  t o takin g th e firs t  retentio n tes t  (consistin g o f  item s 
whic h ar e isomorphi c t o thos e use d i n phas e 1) ,  tes t 
administrator s brie f  eac h grou p o n th e importanc e o f  tryin g 
t o remembe r  a s m u c h a s the y ca n from  thei r  origina l 
session .  Afte r  th e firs t  tes t  ha s bee n completed ,  participant s 
ar e give n a  30-minut e break ,  followe d b y th e secon d 
retentio n test .  A t  th e conclusio n o f  th e secon d test ,  al l 
returnin g participant s ar e administere d a n on-lin e batter y o f 
cognitiv e abilit y  test s assessin g workin g memor y C2̂ )acity , 
informatio n processin g speed ,  inductiv e reasonin g skill ,  an d 

fac t  learnin g ability ,  i n th e quantitativ e domain .  Thi s batter y 
requires ,  o n average ,  abou t  on e hou r  t o complete . 

Results 

Prio r  t o makin g comparison s betwee n practic e conditions , 
we neede d t o insur e tha t  learner s withi n eac h conditio n wer e 
demographicall y comparable .  Severa l  one-wa y A N O V As 
wer e compute d o n age ,  gender ,  numbe r  o f  year s o f 
education ,  an d compute r  experience ,  b y condition .  Non e o f 
thes e variable s showe d significan t  difference s acros s th e five 
practic e conditions . 

Skill Acquisition 

Does practic e conditio n affec t  acquisitio n accuracy ? W e 
examine d thi s issu e firs t  b y comparin g itienumbe r  o f  error s 
made durin g learning ,  average d acros s al l  CEs .  A s 
mentioned ,  thi s valu e coul d rang e from 0  t o 3  errors ,  pe r 
C E.  Significan t  difference s wer e found :  fX4 ,  368 )  =  7.46 ,  p 
< .001 .  B y condition ,  th e orde r  o f  averag e error s was :  L C 
(1.67 )  <  A A (1.70 )  <  A E (2.41 )  <  E A (2.47 )  <  E E (2.96) . 
However ,  learner s i n th e Extende d conditio n receive d fou r 
time s a s man y question s pe r  C E compare d t o learner s i n th e 
Abbreviate d condition ,  s o thei r  "error "  value s shoul d b e 
considere d i n relatio n t o th e numbe r  o f  problem s the y solve d 
(note :  th e averag e numbe r  o f  question s tha t  L C learner s 
chos e t o solv e fel l  midwa y betwee n A A an d A E conditions) . 
Thus ,  t o tes t  fo r  difference s i n acquisitio n accuracy ,  w e 
compute d a  ne w variable-th e numbe r  o f  error s divide d b y 
th e numbe r  o f  questions ,  average d acros s CEs .  Fo r  thi s 
index ,  value s clos e t o 1. 0 denot e averag e performance ; 
value s les s tha n 1. 0 denot e mor e accurat e performanc e 
(fewe r  mistake s relativ e t o th e numbe r  o f  questions )  an d 
value s greate r  tha n 1. 0 denot e mor e inaccurat e performanc e 
(mor e error s relativ e t o question s received) . 

For  ou r  sample ,  thi s valu e range d from  0.4 0 t o 2.0 9 an d 
was significantl y differen t  amon g conditions:^5X4,362 )  = 
20.45,/ ? <  .01 .  Th e orde r  o f  thi s variabl e b y conditio n was : 
E E <  E A <  A E <  L C <  A A .  Thus ,  a s wit h th e previou s 
study ,  th e E E learners '  acquisitio n accurac y wa s th e highes t 
among conditions—the y mad e fewe r  mistake s relativ e t o 
thei r  greate r  numbe r  o f  questions .  Learner s i n th e A A 
conditio n showe d th e lowes t  acquisitio n accuracy-the y 
tende d t o commi t  mor e mistake s o n relativel y fewe r 
questions .  Learner s i n th e L C conditio n showe d accurac y 
indice s tha t  wer e abou t  midwa y betwee n th e A A an d th e E E 
conditions .  Se e Figur e 1 . 

1.0 0 

060 -

020 AA A E E A E E L C 
Tnatamn t  Conditio n 

Figur e 1 :  Acquisitio n accurac y acros s treatmen t  conditions . 
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Learnin g O u t c o m e 

We firs t  examine d th e pretes t  dat a t o insur e th e fiv e 
group s wer e comparabl e i n prio r  knowledg e an d skill s 
relate d t o statistics .  W e compute d a n A N O V A o n pretes t 
scores ,  b y condition .  Althoug h ther e wer e n o significan t 
difference s amon g conditions ,  F(4 ,  375 )  =  2.32 ,  p  =  .06 ,  th e 
F-valu e wa s sufficientl y larg e t o justif y controllin g fo r 
pretes t  dat a i n subsequen t  analyses .  Specifically ,  th e E E 
grou p (b y chance )  bega n wit h th e highes t  pretes t  Mea n 
(greates t  incomin g knowledge) ,  th e A A wit h th e lowest ,  an d 
th e L C participants ,  i n between . 

An A N O V A wa s compute d o n th e posttes t  dat a (Mean s 
adjuste d fo r  pretes t  score )  b y condition ,  an d ther e wer e n o 
significan t  differences :  F(4 ,  375 )  =  2.94 ,  p  =  .06 .  However , 
as predicted ,  th e orde r  o f  posttes t  score s was :  A A (68.3 )  < 
AE(71.4 )  < L C (71.9 )  < E A (74.5) « E E (74.6) . 

Learning Time 

We decompose d th e tota l  tutor-tim e variabl e int o tw o 
parts-instructio n an d problem-solvin g time ,  representin g 
tw o distinc t  part s o f  th e Sta t  Lad y program .  Instructio n tim e 
shoul d var y i n relatio n t o one' s facilit y  i n acquirin g an d 
understandin g th e ne w material ,  whil e problem-solvin g tim e 
shoul d var y i n relatio n t o condition . 

Table  1: Instruction, problem-solving, and overall tutor time 
(hrs )  b y condition . 

Conditio n 

AA 
( « =  86 ) 

AE 
(77 =  60 ) 

EA 
(77 =  58 ) 

EE 
( n =  88 ) 

LC 
(71 =  88 ) 

F 
(4,375 ) 

P 

Instructio n 

2.0 5 

1.8 8 

1.6 7 

1.5 2 

1.7 8 

8.7 8 

< 0.00 1 

Prob-Solvin g 

1.9 8 

2.9 6 

3.1 6 

3.9 6 

2.1 3 

40.3 8 

< 0.00 1 

Tota l 

4.0 3 

4.8 4 

4.8 5 

5.4 7 

3.9 1 

12.7 4 

< 0.00 1 

Notes :  A  =  Abbreviated ,  E  =  Extended ,  an d L C =  Learne r 
Contro l  practic e conditions . 

Three ANOVAs were computed on instruction time, 
problem-solvin g time ,  an d tota l  tim e require d t o complet e 
th e tutor .  Al l  thre e variable s showe d significan t  difference s 
due t o condition .  Th e orde r  o f  tota l  tim e b y conditio n wa s 
unexpected :  L C <  A A <  A E =  E A <  EE .  Contrar y t o ou r 
hypothesis ,  th e L C learner s wer e fastes t  o f  al l  (se e Tabl e 1) . 

The fma l  variabl e tha t  w e examine d combhe d outcom e 
scor e (i.e. ,  adjuste d posttes t  data )  an d tutor-completio n tim e 
t o yiel d a n outcome-efficienc y inde x (i.e. ,  posttes t  scor e 
divide d b y tim e o n tutor) .  Th e interpretatio n o f  thi s variabl e 
i s tha t  large r  value s reflec t  greate r  efficienc y (i.e. ,  highe r 
learnin g outcom e score s relativ e t o tim e spen t  o n th e tutor) . 
Lower  value s indicat e les s ef^cien t  learning . 

We compute d a n A N O V A o n thi s rati o b y conditio n an d 
th e result s wer e significant :  F{A ,  375 )  =  6.00 ,  p  <  .001 .  Th e 
orderin g o f  thi s index ,  b y condition ,  was :  E E < A E s i E A < 
A A <  LC .  A s ca n b e see n i n Figur e 2 ,  L C learner s showe d 
superio r  learnin g efficienc y relativ e t o th e othe r  conditions . 

o 1 8 

AA A E E A E E L C 
Treatmen t  Conditio n 

Figur e 2 :  Learnin g outcom e efficienc y dat a b y condition . 

Retention (Preliminary Results) 

Currently ,  w e hav e dat a from  7 7 =  7 6 o f  th e origina l  N  = 
38 0 participant s fo r  th e retentio n par t  o f  th e stud y (i.e. , 
phas e 2) .  Thi s phas e wil l  b e complete d Jun e 1996 .  Th e 
questio n her e i s h o w th e practic e conditions ,  i n general , 
affec t  retentio n o f  thi s material .  Becaus e thi s represent s a n 
incomplet e study ,  th e followin g shoul d b e viewe d a s 
preliminar y analyse s an d tentativ e conclusions . 

Prio r  t o makin g comparison s amon g condition s o n 
retention ,  w e neede d t o insur e tha t  th e subse t  o f  returnin g 
learner s wer e comparabl e t o th e origina l  sampl e (phas e 1 
dat a overall ,  an d pe r  practic e condition) .  W e compute d one -
way A N O V As o n demographi c measure s (age ,  gender , 
education ,  compute r  experience) ,  b y phase .  N o n e o f  thes e 
measure s wer e significantl y different .  W e als o compare d 
returnin g t o origina l  participants '  dat a o n phas e 1  posttes t 
score s (adjuste d fo r  pretest) .  Score s from  th e returnin g 
sampl e di d no t  diffe r  significantl y from  th e origina l  sampl e 
on thi s measure ,  t(454 )  =  -0.11 ,  / ? =  .91 . 

Next ,  w e compute d a  facto r  analysi s (principa l 
component s analysis )  o n th e cognitiv e abilit y  tes t  dat a 
(percen t  correc t  scores) .  Thi s resulte d i n th e extractio n o f  a 
singl e factor :  genera l  aptitude .  Th e percentag e o f  varianc e 
accounte d fo r  b y thi s facto r  wa s 64.0% ,  wit h A / = 0 ,  an d S D 
= 1 .  Facto r  score s wer e save d fo r  eac h perso n an d use d a s a 
covariat e i n subsequen t  analyses . 

We the n combine d dat a from  individual s originall y 
learnin g from  th e A E an d E A condition s because :  (a )  thei r 
acquisition ,  outcome ,  an d efficienc y dat a from  phas e 1  wer e 
not  significantl y differen t  t o warran t  thei r  separation ,  (b ) 
thi s increase s th e powe r  o f  th e upcomin g analyses ,  an d (c ) 
thi s sam e procedur e wa s followe d i n th e origina l  Shut e & 
Gawlic k (1995 )  study .  Furthermore ,  w e combine d th e tw o 
retentio n tes t  score s int o a n averag e retentio n score . 

T o tes t  ou r  hypothese s concernin g conditio n an d gende r 
effect s o n retention ,  w e compute d a n A N O V A wit h 
retentio n a s th e within-subject s variabl e (i.e. ,  th e adjuste d 
posttes t  score s from  phas e 1  an d averag e retentio n score s 
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from  phas e 2  a s th e repeate d measures) .  Conditio n (AA , 
A E / E A ,  E E ,  L C )  an d gende r  (male ,  female )  wer e th e 
between-subject s variables .  W e include d th e aptitud e facto r 
scor e a s a  covariat e i n th e equatio n t o contro l  fo r  an y 
difference s i n aptitud e tha t  m a y mediat e an y obtaine d mai n 
effect s o r  interactions .  Result s from  th e A N O V A showe d n o 
mai n effec t  o n retentio n du e t o origina l  practic e conditio n 
( F < \ ) ,  n o mai n effec t  oigende r  ( F <  1) ,  bu t  a  significan t 
conditio n x  gende r  interaction :  F(3 ,  67 )  =  3.79 ,  p  =  .01 . 
Thi s interactio n i s depicte d i n Figur e 3 . 
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Figur e 3 .  Condi t io n b y gende r  interactio n o n retentio n 

Finally, we created a retention-efficiency index—retention 
scor e (wit h adjuste d posttes t  scor e from  phas e 1  partialle d 
ou t  a n d th e retentio n scor e residual s save d fo r  eac h person ) 
divide d b y origina l  learnin g time .  A g a i n ,  highe r  n u m b e r s 
m e an greate r  retentio n relativ e t o acquisitio n time .  W e 
compute d a n A N O V A o n thi s inde x b y conditio n an d th e 
result s wer e significant :  f(3 ,  72 )  =  3.54 ,  p  =  .02 .  B y 
condition ,  th e ordere d indice s were :  E E (13.4) ,  A E / E A 
(14.2) ,  A A (18.7) ,  an d L C (24.6) .  Comparin g jus t  th e 
relativ e indice s relate d t o th e L C an d E E conditions ,  th e 
effec t  siz e =  1.6 ,  wit h a  stron g L C advantag e ove r  th e E E 
condition . 

Discussion 

I s i t  reall y th e cas e tha t  mor e practic e opportunitie s yiel d 
bette r  achievement ,  regardles s o f  regimen ;  o r  i s th e 
relationshi p mor e complicated ? Th e fu-s t  purpos e o f  thi s 
stud y wa s t o replicat e rathe r  unexpecte d findings from  ou r 
origina l  stud y (Shut e &  Gawlick ,  1995 )  tha t  teste d thi s 
query .  Disregardin g th e learne r  contro l  manipulatio n fo r  a 
momen t ,  w e specificall y replicate d th e following :  (a ) 
Reduce d practic e opportunitie s resul t  i n wors e accurac y 
acquisition ,  bu t  (b )  despit e thes e acquisitio n differences , 
outcom e performance s acros s al l  condition s ar e equivalen t 
(eve n i n thi s differen t  domain) ,  an d (c )  learner s i n th e 
abbreviate d condition(s )  complet e th e tuto r  significantl y 
faste r  tha n learner s i n th e mor e extende d conditions . 
Moreover ,  whe n w e vie w tutor-tim e dat a separate d int o it s 
componen t  part s (instructio n an d problem-solvin g time) ,  w e 
see ,  predictably ,  tha t  problem-solvin g tim e increase s a s a 
functio n o f  practic e conditio n ( A A <  A E <  E A <  EE) . 
However ,  instructio n tim e show s areversa l  o f  thi s ordering : 
E E <  E A <  A E <  A A .  Thi s suggest s tha t  abbreviate d 
learner s m a y hav e bee n attemptin g t o compensat e fo r  thei r 

spars e practic e environment s b y spendin g relativel y mor e 
tim e reviewin g th e instructiona l  section s o f  th e tutor . 

A secon d goa l  o f  phas e 1  o f  thi s stud y wa s t o examin e th e 
effect s o f  learne r  contro l  o n thes e sam e parameter s (i.e. , 
acquisition ,  outcome ,  an d efficiency) .  Whil e th e L C learner s 
di d sho w a n intermediat e leve l  o f  acquisitio n accuracy , 
surprisingly ,  the y complete d th e tuto r  faste r  tha n an y othe r 
condition .  A n d whe n w e compute d an d teste d a n outcome -
efficienc y inde x b y condition ,  result s showe d th e L C 
learner s greatl y surpasse d th e othe r  group s (se e Figur e 2) . 

I n th e secon d phas e o f  thi s study ,  w e ar e (a )  attemptin g t o 
replicat e fmding s from a  previou s retentio n stud y (Shut e & 
Gawlick ,  1995) ,  wher e greate r  retentio n o f  fligh t 
engineerin g knowledg e an d skill s  wer e exhibite d b y thos e 
w ho originall y learne d from  mixed-practic e condition s (A E 
and E A ) ,  an d (b )  examinin g di e effect s o f  practic e conditio n 
and gende r  o n retention . 

Followin g si x month s betwee n origina l  instructio n (phas e 
1)  an d retentio n testin g (phas e 2 )  i n th e presen t  study ,  usin g 
a differen t  domain ,  w e foun d n o significan t  mai n effec t  o f 
origina l  practic e conditio n o n retention ,  thu s w e faile d t o 
replicat e th e fmdin g o f  th e mixed-practic e condition' s 
advantag e o n retentio n (althoug h th e dat a ar e stil l 
incomplete) .  However ,  w e hav e foun d a  ver y interestin g 
conditio n b y gende r  interaction .  Figur e 3  clearl y show s tha t 
fo r  males ,  learnin g from  th e L C conditio n represent s th e 
superio r  learnin g environment-their  outcom e an d retentio n 
score s ar e muc h highe r  compare d t o male s learnin g i n th e 
othe r  practic e conditions .  Th e femal e dat a revea l  a  ver y 
differen t  story-female s lear n bette r  an d remembe r  mor e 
from  th e consistentl y extende d conditio n (EE) ;  thei r  poores t 
performance s ar e associate d wit h th e L C condition .  Thi s 
interactio n i s eve n mor e compellin g i n tha t  i t  appear s eve n 
wit h aptitud e bein g controlle d i n th e equation . 

What  woul d accoun t  fo r  th e obtaine d gende r  b y conditio n 
interactio n i n relatio n t o differentia l  retention ,  particularl y 
fo r  th e L C condition ? First ,  aptitude-treatmen t  interactio n 
(ATI )  researc h ha s show n tha t  certai n learne r  characteristic s 
ar e bette r  suite d t o specifi c  kind s o f  environment s t o 
achiev e optima l  outcom e performanc e (se e Shute ,  Glaser ,  & 
Raghavan ,  1989 ;  Tobias ,  1989 ,  1994) .  Second ,  Shut e 
(1993 )  reporte d tha t  individual s demonstratin g greate r 
explorator y behavior s perfor m bette r  i n mor e ope n learnin g 
environment s (simila r  t o th e L C condition ,  an d contrastin g 
wit h mor e didacti c ones )  whil e th e convers e wa s foun d fo r 
less-explorator y individuals .  Third ,  a  differen t  stud y (Shut e 
& Gluck ,  i n press )  fiirther  examine d explorator y behavior s 
i n term s o f  optional ,  on-lin e too l  usage ,  an d reporte d gende r 
effect s relate d t o too l  use .  Tha t  is ,  male s tende d t o mor e 
spontaneousl y emplo y th e on-lin e tool s compare d t o 
females ,  an d ther e wa s a  mai n effec t  o f  too l  us e o n learnin g 
outcom e (i.e. ,  mor e wa s better ,  overall) .  Finally ,  explorator y 
and independen t  kind s o f  behavior s hav e bee n linke d t o 
endogenou s testosteron e level ,  an d male s hav e significantl y 
mor e testosteron e tha n female s (e.g. ,  Broverman ,  Klaiber , 
Kobayashi ,  &  Vogel ,  1968 ;  Kimura ,  1992 ;  N e w c o m b e , 
1982) .  Testosteron e affect s brai n function s i n a  manne r 
simila r  t o a n adrenergi c stimulant-exertin g a n influenc e o n 
precisel y thos e trait s tha t  ar e bes t  suite d t o a  learnin g 
environmen t  offerin g mor e learne r  control . 
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Obviously ,  mor e researc h i s neede d t o tes t  al l  o f  thes e 
relationships .  W e ar e currentl y completin g a  scrie s o f  si x 
studie s tha t  examin e gende r  effect s acros s a  rang e o f 
learnin g environment s an d domains ,  assessin g testosteron e 
levels ,  an d relatin g thes e variable s t o performance .  M a n y 
ne w gende r  b y treatmen t  interaction s ar e emergin g tha t  hav e 
direc t  implication s fo r  adaptiv e instructiona l  desig n 

I n conclusion ,  participant s i n th e L C conditio n complet e 
th e tuto r  muc h faste r  tha n th e othe r  fixed-practice 
conditions ,  ye t  perfor m n o differentl y o n th e outcom e 
measur e compare d t o thos e havin g th e mos t  extensiv e 
practic e opportunities .  Moreover ,  w e continu e t o se e 
advantage s fo r  th e L C conditio n afte r  si x months ,  illustrate d 
by thi s group' s larg e retention-efficienc y inde x relativ e t o 
th e othe r  conditions .  Th e onl y downsid e i s tha t  thi s 
conditio n appear s t o b e bette r  fo r  male s tha n females ,  a t 
leas t  wit h regar d t o retention .  Overall ,  thes e findings 
sugges t  tha t  th e desig n o f  automate d instructiona l  system s 
may b e enhanced ,  an d learnin g efficienc y improved ,  b y 
providin g greate r  studen t  contro l  durin g learning . 
Furthermore ,  female s ma y benefi t  b y receivin g pre-trainin g 
tha t  specificall y focuse s o n way s t o improv e self-monitorin g 
skills .  I n fact ,  w e hav e dat a tha t  suggest s that ,  withi n th e L C 
condition ,  male s ten d t o adjus t  thei r  request s fo r  problem s 
i n relatio n t o perceive d nee d (i.e. ,  askin g fo r  additiona l 
question s i n relatio n t o mor e difficul t  CEs ,  an d fewe r 
question s fo r  les s problemati c  CEs) .  O n th e othe r  hand ,  ou r 
dat a sho w tha t  females ,  i n general ,  ten d t o as k fo r  fewe r 
problems .  W e pla n t o explor e thes e issue s i n greate r  detai l 
onc e al l  o f  th e retentio n dat a hav e bee n collected . 
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