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H o w Motivatio n Affect s Learnin g 

Regin a Vollmeye r  (V0LLMEYE@RZ.U1M1-P0TSDAM.DE) 
Wolfra m Rollet t  (ROLLETT@RZ.UNI-POTSDAM.DE) 

Faik o Rheinber g {RHE1NBERG@RZ.UNI-P0TSDAM.DE) 
Institu t  flir  Psychologic ,  Universita t  Potsda m 
Postfac h 601553 ,  1441 5 Postdam ,  German y 

Abstrac t 

I n ou r  cognitive-motivationa l  proces s mode l  (Vollmeye r  & 
Rheinberg ,  i n press )  w e assume d tha t  motivationa l  factor s 
hav e a n impac t  o n ho w peopl e lear n abou t  a  tas k an d ho w 
wel l  the y ca n perfor m it .  Man y motivatio n theorie s (i f  no t 
all )  hav e suc h assumption s i n common .  Ou r  approac h 
emphasize s fou r  tas k specifi c  motivationa l  factors :  masier y 
confidence ,  incompetenc e fear ,  interest ,  an d challenge .  W e 
investigate d ho w thes e motivationa l  factor s influenc e th e 
learnin g outcom e throug h mediators .  Ou r  framewor k 
propose s tha t  th e motivationa l  stat e an d th e strateg y 
systematicit y coul d mediat e motivationa l  effect s o n learning . 
Pat h analysi s supporte d thi s assumptio n i n tw o studies . 

Introduction 

Simo n (1967 )  emphasize d th e importanc e o f  motivationa l 
and emotiona l  influenc e o n cognition .  Referin g bac k t o 
Neisse r  (1963) ,  Simo n argue d tha t  th e critica l  differenc e 
betwee n a  compute r  progra m an d a  perso n consist s o f  tw o 
mechanisms :  (1 )  a n interruptio n mechanism ,  whic h h e see s 
as emotion ,  an d (2 )  a  goal-terminatin g mechanism ,  whic h i s 
motivation .  However ,  peopl e hav e multipl e goal s rathe r 
tha n onl y on e goal .  Thus ,  motivatio n determine s whic h goa l 
wil l  b e activate d an d ha s attentio n allocate d t o it .  I f  a  perso n 
pay s attentio n t o th e goa l  o f  learning ,  motivatio n woul d lea d 
t o bette r  learning . 

However ,  th e construc t  o f  motivatio n ha s bee n largel y 
ignore d b y Cognitiv e Science .  Similarly ,  i n motivatio n 
theorie s cognitiv e processe s hav e bee n largel y ignored . 
Motivationa l  factor s wer e mainl y conceptualize d a s drives , 
habits ,  o r  trait s whic h influenc e th e situationa l  behavio r 
(example s o f  suc h trait s ar e achievemen t  motive ,  goal -
orientation ,  o r  persona l  interest) .  Th e traditiona l  a s wel l  a s 
mor e recen t  concept s o f  motivatio n (e.g. ,  goa l  theory ,  se e 
Locke ,  1991 )  d o no t  specif y th e proces s b y whic h 
motivationa l  factor s influenc e cognitio n an d learning . 
However ,  th e importanc e o f  suc h investigation s ha s bee n 
recentl y pointe d ou t  b y Schiefel e an d Rheinber g (i n press) . 
Th e followin g tw o studie s examin e th e lin k betwee n 
motivatio n an d learning . 

Motivational Factors and Learning 

W h en a  learne r  approache s a  learnin g tas k th e literatur e 
suggest s tha t  severa l  motivationa l  factor s ca n aris e an d b e 
measured .  (1 )  Learner s ca n var y i n thei r  certaint y tha t  the y 

wil l  succee d i n understandin g th e task .  Thi s facto r  w e wil l 
cal l  master y confidenc e (simila r  concept s hav e bee n 
proposed ,  e.g. ,  subjectiv e probabilit y  o f  succes s [Atkinson , 
1957] ;  self-efficac y [Bandura ,  1977]) .  (2 )  Learner s ca n b e 
differen t  i n anxiet y abou t  failin g i n th e task .  Thi s facto r  w e 
wil l  cal l  incompetenc e fea r  ( a simila r  concep t  i s Atkinson' s 
fea r  o f  failure ,  however ,  fo r  hi m thi s concep t  i s measure d a s 
a trait) .  (3 )  Learner s ca n perceiv e thi s tas k a s a  challeng e 
(e.g. ,  Czikszentmihaiyi ,  1975) .  (4 )  Th e tas k ma y o r  ma y no t 
evok e th e learner' s interes t  (se e Schiefele ,  1991) .  Al l  thes e 
motivationa l  factor s ar e sai d t o affec t  learning ,  however ,  i t  i s 
not  clea r  how . 

I n ou r  cognitive-motivationa l  proces s mode l  (Vollmeye r 
& Rheinberg ,  i n press )  w e assum e tha t  thes e fou r 
motivationa l  factor s influenc e th e motivationa l  stat e durin g 
th e learnin g process .  Motivationa l  stat e i s conceptualize d a s 
a proces s variabl e tha t  monitor s state s suc h a s fu n th e 
participan t  ha s durin g th e learnin g task ,  his /  he r  confidenc e 
i n finding  th e correc t  solution ,  an d s o o n (se e Tabl e 1) .  A 
secon d proces s variabl e i s th e systematicit y o f  participants ' 
strategies .  Becaus e systematicit y require s effortfti l  action s 
lik e calculatio n an d inductio n thi s variabl e shoul d b e 
affecte d b y motivation .  I n th e followin g studie s w e 
investigate d h o w th e initia l  leve l  o f  th e fou r  motivationa l 
factor s describe d affecte d learnin g vi a th e mediatin g 
variable s motivationa l  stat e an d strateg y systematicity . 

For  thi s investigatio n w e neede d a  learnin g tas k whic h wa s 
difficul t  enoug h t o b e challengin g an d whic h allowe d th e 
possibilit y  o f  failin g t o lear n th e task .  Als o i t  shoul d las t 
lon g enoug h t o allo w u s t o stud y learnin g a s a  process . 

Biology-Lab: A Complex System 

As i n Vollmeyer ,  B u m s ,  an d Holyoa k (1996 )  w e use d a 
computer-drive n syste m calle d biology-la b tha t  wa s 
constructe d wit h th e shel l  D Y N A M I S (Funke ,  1991) .  I n ou r 
cove r  story ,  participant s wer e tol d tha t  the y wer e i n a 
biolog y la b i n whic h ther e i s a  tan k wit h thre e wate r  qualit y 
factor s (oxygenation ,  chlorine ,  temperature) .  Thes e factor s 
wer e affecte d b y thre e inpu t  variable s (salt ,  lime ,  carbon) . 
The structur e o f  th e system ,  illustrate d i n Figur e 1  (whic h 
was neve r  show n t o ou r  participants) ,  wa s suc h tha t  on e 
outpu t  i s  relativel y simpl e t o manipulat e becaus e i t  i s 
influence d b y onl y on e inpu t  (lim e - > oxygenation) .  Th e 
othe r  tw o output s ar e mor e complex ,  becaus e eac h i s 
influence d b y tw o factors .  O n e outpu t  (chlorine )  i s affecte d 
by tw o inputs ,  an d th e othe r  (temperature )  i s affecte d b y a 
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deca y facto r  (marke d a s a  circl e connecte d t o th e output )  i n 
additio n t o a  singl e inpu t  variable .  Th e deca y facto r  wa s 
implemente d b y subtractin g a  percentag e o f  th e output' s 
previou s valu e o n eac h trial .  Deca y i s a  dynami c aspec t  o f 
th e system ,  becaus e i t  yield s stat e change s eve n i f  ther e i s n o 
inpu t  (i.e. ,  al l  input s ar e se t  t o zero) .  Th e syste m i s thu s 
comple x i n tha t  i t  involve s multipl e inpu t  variable s tha t  mus t 
be manipulate d t o contro l  multipl e outpu t  variables ,  an d 
dynami c i n tha t  th e stat e o f  th e syste m change s a s a  join t 
functio n o f  externa l  input s an d interna l  decay . 

sal t 

l im e 

ca rbo n 

+2 

/ \ ^ 

^ 
y ^ 

X + 4 

oxygenatio n 

chlorin e 

t e m p e r a t u r e 

^ 
t ^ 

Figur e 1 :  Biology-la b system. 

To explore the system, participants in Vollmeyer et al. 
(1996 )  wer e give n a  learnin g phas e (thre e round s o f  si x trial s 
on whic h participant s entere d number s fo r  inputs )  an d a n 
applicatio n roun d (si x trials) .  I n th e applicatio n roun d 
participant s ha d t o appl y thei r  knowledg e abou t  th e system' s 
structur e i n orde r  t o reac h a  certai n targe t  amoun t  fo r  eac h 
outpu t  variable .  Vollmeye r  e t  al .  showe d tha t  a  goo d 
strateg y fo r  learnin g abou t  th e syste m wa s t o var y onl y on e 
inpu t  variabl e a t  a  time .  Thi s strateg y wa s explaine d t o al l 
participant s i n th e followin g studie s i n orde r  t o reduc e th e 
varianc e o f  thei r  performance . 

Study 1 

Method 

Participants .  Sevent y student s fro m th e Universit y o f 
Potsda m an d loca l  hig h school s (17-1 9 year s old ) 
participate d i n th e stud y an d receive d D M 1 5 ( = $ U S 10) . 

Procedure. The biology-lab system required participants on 
eac h tria l  t o se t  th e level s o f  th e thre e inpu t  variable s an d t o 
observ e th e resultin g value s o f  th e outpu t  variable s (number s 
fo r  eac h o f  thre e factor s fo r  wate r  quality) .  Th e underlyin g 
structur e o f  th e syste m wa s a s depicte d i n Figur e 1 .  Eac h 
serie s o f  si x trial s wa s define d a s a  round .  Al l  participant s 
receive d thre e initia l  leamin g round s followe d b y a  fourt h 
roun d i n whic h the y wer e aske d t o produc e a  specfi c goa l 
stat e (namely ,  5 0 oxygenation ,  70 0 chlorine ,  an d 90 0 
temperature) . 

Befor e startin g t o manipulat e th e syste m o n th e compute r 
al l  participant s receive d genera l  instruction s abou t  th e task . 
whic h emphasize d tha t  th e bes t  strateg y fo r  explorin g th e 
syste m wa s t o var y on e inpu t  variabl e a t  a  time .  Afte r 
hiivin g rea d th e instruction s th e participant s answere d a 
questionnair e whic h measure d thei r  initia l  motivatio n o n th e 
fou r  factor s master y confidence ,  incompetenc e fear ,  interest , 
and challeng e (se e Tabl e 1) . 

Durin g th e leamin g phas e (round s 1-3) ,  participant s 
complete d a  structur e diagra m a t  th e completio n o f  eac h 
round ,  i n whic h participant s indicate d h o w the y believe d th e 
inpu t  variable s affecte d th e outpu t  variables .  The y wer e 
provide d wit h a  diagra m showin g th e input s an d output s a s 
i n Figur e 1 ,  bu t  wit h al l  link s omitted .  Th e participants '  tas k 
was t o dra w link s betwee n variable s tha t  the y believe d t o b e 
dependent ,  an d als o t o assig n weight s indicatin g h o w stron g 
the y fel t  eac h influenc e was .  Afte r  filling  i n th e structur e 
diagram ,  participant s answere d thre e item s tha t  measure d 
thei r  motivationa l  stat e (se e Tabl e 1) . 

I n th e applicatio n phas e (roun d 4) ,  al l  participant s wer e 
presente d wit h a  goa l  state .  Th e entir e experimen t  too k on e 
an d a  hal f  hour s t o complete . 

Tabl e 1 :  Exampl e item s fo r  th e motivationa l  factor s an d al l 
item s fo r  th e motivationa l  state . 

Master y confidenc e 
I  thin k everyon e coul d d o thi s task . 
I  can' t  wai t  t o start . 
I  thin k I  a m u p t o th e difficult y o f  th e task . 

Challeng e 
Thi s tas k i s a  rea l  challeng e fo r  m e . 
I f  I  ca n d o thi s task ,  I  wil l  fee l  prou d o f  mysel f 
I' m excite d abou t  h o w wel l  1  wil l  perfor m i n thi s 
task . 

Incompetenc e fea r 
I' m a  littl e bi t  worried . 
I  fee l  paralyze d b y th e demand s o f  th e task . 
I' m afrai d I  wil l  mak e a  foo l  ou t  o f  mysel f 

Interes t 
Afte r  havin g rea d th e instruction ,  th e tas k seem s 
t o b e ver y interesting . 
I  lik e riddle s an d puzzles . 
I  woul d wor k o n thi s tas k eve n i n m y fre e time . 

Motivationa l  Stat e (al l  items ) 
Th e tas k i s fiin . 
I' m sur e 1  wil l  find  th e correc t  solution . 
It' s clea r  t o m e h o w t o continue . 

facto r  scor e 

.7 3 

.6 7 

.6 5 

.7 6 

.7 5 

.7 0 

.7 2 

.7 2 

.71 

.7 5 

.7 5 

.7 5 

Cronbac h 
a =.8 0 

Result s 

Mediatin g variables .  T w o mediatin g variable s wer e 
measure d t o explai n th e proces s betwee n motivationa l 
factor s an d th e leamin g outcomes .  (1 )  Strateg y 
systematicity .  Eac h o f  th e si x trial s durin g on e leamin g 
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roun d wa s code d fo r  systematicity .  W e ha d thre e categories : 
hig h systematicity :  onl y on e o r  n o inpu t  variabl e wa s varie d 
(Thi s i s th e strateg y w e explaine d t o th e participant s a t  th e 
beginning.) ,  med iu m systematicity :  a  systematicit y wa s 
recognizabl e (e.g. ,  tw o variable s ar e varied ;  fo r  on e variabl e 
ther e i s a  positiv e number ,  fo r  tw o a  negative) ,  lo w 
systematicity :  al l  inpu t  variable s ar e varied .  Th e interrate r 

reliabilit y  wa s k = .9 4 (Cohen ,  1960) .  Thes e si x coding s fo r 
on e roun d wer e averaged .  A s man y participant s chos e th e 
highl y systemati c strateg y a s instructe d thi s variabl e ha d a 
skewe d distribution .  Thu s w e correcte d i t  b y applyin g a 
logarithmi c transformation .  Participant s ha d a  scor e fo r 
eac h o f  th e thre e rounds .  (2 )  Motivationa l  state .  A t  th e en d 
of  ever y learnin g roun d participant s answere d thre e 
question s o n a  seven-poin t  scal e (se e Tabl e I) ,  whic h wer e 
average d together . 

Dependent variables. Two dependent variables measured 
learning .  (1 )  Structur e scor e (acquire d knowledge) .  Th e 
structur e diagra m complete d b y al l  participant s afte r  eac h o f 
th e firs t  thre e round s wa s use d t o deriv e a  scor e reflectin g 
degre e o f  knowledg e o f  th e underlyin g structur e o f  th e 
system .  Thi s structur e scor e wa s compute d a s th e su m o f  th e 
number  o f  correc t  specification s o f  links ,  directions ,  an d 
weights ,  adjuste d wit h a  correctio n fo r  guessing .  (2 )  Goa l 
achievement .  Goa l  achievemen t  i n reachin g th e goa l  stat e 
durin g roun d 4  (applicatio n round )  wa s compute d a s th e su m 
of  th e absolut e difference s betwee n th e targe t  an d th e 
obtaine d numbe r  fo r  eac h o f  th e fou r  outpu t  variables .  A s 
thi s measur e produce d a  skewe d distribution ,  th e varianc e 
was correcte d b y applyin g a  logarithmi c transformation . 
Goal  achievemen t  wa s compute d fo r  eac h o f  th e si x trial s 
tha t  comprise d roun d 4 ,  i n orde r  t o determin e h o w 
participant s wer e abl e t o approac h th e targe t  goal .  A s ther e 
was n o differenc e i n performanc e betwee n trials ,  th e mea n 
erro r  fo r  th e si x trial s wa s used .  Not e tha t  i n Vollmeye r  e t 
al .  (1996) ,  thi s measur e wa s referre d t o a s solutio n error , 
instea d o f  b y th e ter m goa l  achievement .  However ,  thi s 
meant  tha t  hig h score s wer e indicator s o f  poo r  performance . 
So tha t  al l  performanc e measure s woul d b e i n th e sam e 
direction ,  w e subtracte d al l  thes e score s from  a n arbitrar y 
constant ,  a  linea r  transformatio n tha t  ha s n o effec t  o n th e 
correlation s tha t  w e wil l  report ,  excep t  t o revers e thei r  sign . 

Preliminary analyses. The motivational factors were 
constructe d vi a facto r  analysi s guide d b y theoretica l 
assumptions .  Firs t  w e facto r  analyze d preselecte d item s tha t 
expresse d interes t  o r  incompetenc e fear ,  an d foun d whic h 
item s wer e mos t  importan t  fo r  thes e factors .  W e the n facto r 
analyze d item s expressin g master y confidenc e an d challeng e 
(fo r  facto r  scores ,  se e Tabl e 1 )  an d confirme d th e 
expectatio n o f  tw o independen t  factors ,  whic h w e name d 
master y confidenc e an d challenge .  Ou r  theoretica l 
definition s o f  th e concept s implie d tha t  th e motivationa l 
factor s shoul d intercorrelat e (wit h th e exceptio n o f  master y 
confidenc e an d challenge) ,  whic h wa s th e cas e (se e Tabl e 
2) .  T o reduc e th e erro r  varianc e fo r  eac h motivationa l 
factor ,  w e measure d th e factor s wit h th e facto r  score s instea d 
of  th e ra w scores . 

Tabl e 2 :  Correlation s o f  th e motivationa l  factor s an d th e 
dependen t  variable s (/ /  =  70) . 

incompetenc e 
fea r 
challeng e 

interes t 

motivat .  stat e 
(roun d 3 ) 
structur e scor e 
(roun d 3 ) 
goal 
achievemen t 

master y 
confidenc e 

-.62* * 

.1 0 

.54* * 

.38* * 

.0 5 

.1 5 

incompet . 
fea r 

.0 3 

-.52* * 

-.41* * 

-.1 8 

.31* * 

challeng e 

.44* * 

.1 3 

.1 4 

.2 0 

interes t 

.43* * 

.24 * 

.24 * 

*p< .0 5 **p<.00 1 

The cognitive-motivational process model. As we wanted 
t o examin e h o w th e motivationa l  factor s o f  master y 
confidence ,  incompetenc e fear ,  interest ,  an d challeng e affec t 
learnin g vi a mediatin g variables ,  i t  wa s necessar y t o 
reconstruc t  th e proces s wit h a  pat h analysi s (usin g EQS) . 
The resul t  i s  presente d i n Figur e 2 .  Th e empirica l  dat a fitte d 

our  theoretica l  expectation s quit e well ,  C F I  =  .96 ,  y\̂ (48 )  = 
67.47 ,  / ? <  .05' .  A s expected ,  ther e wa s a  cognitiv e path : 
Participant s usin g th e give n goo d strateg y gaine d a  bette r 
knowledg e ove r  th e thre e learnin g round s (link s from 
sfrategie s t o structur e scores )  an d wit h thi s bette r  knowledg e 
the y coul d reac h th e goa l  stat e mor e accuratel y i n th e 
applicatio n roun d (structur e scor e - > goa l  achievement) . 
Thi s resul t  replicate d a n earlie r  findin g (Vollmeye r  e t  al. , 
1996) .  Mor e interestin g i s h o w motivatio n affect s thi s 
cognitiv e process .  Fro m Tabl e 2  i t  i s  eviden t  tha t  challeng e 
was no t  a  goo d predicto r  fo r  learnin g o n thi s tas k a s i t  di d 
not  correlat e wit h th e dependen t  variables .  Therefore , 
challeng e coul d no t  b e include d i n th e model .  Als o interest , 
whic h wa s correlate d wit h th e learnin g variable s (structur e 
score ,  goa l  achievement) ,  di d no t  fi t  int o th e model . 
However ,  incompetenc e fea r  an d master y confidence , 
combine d a s th e laten t  variabl e motivation ,  affecte d ho w th e 
participant s fel t  durin g learnin g {motivationa l  state) . 
Participant s w h o (initially )  ha d les s fea r  an d mor e 
confidenc e enjoye d workin g wit h th e syste m more ,  an d thi s 
positiv e motivationa l  stat e ha d th e effec t  tha t  participant s 
continue d t o us e th e systemati c strateg y i n roun d 2 . 
Participant s i n a  mor e positiv e motivationa l  stat e learne d 

Linea r  structura l  equatio n modelin g i s a  methodolog y fo r 
specifying ,  estimating ,  an d testin g hypothesize d interrelationship s 
among a  se t  o f  meaningfu l  variables .  Ther e ar e tw o criteri a 
whethe r  th e hypothesize d mode l  fit s  th e empirica l  data :  (1 )  th e 
goodnes s o f  fit  (e .  g. ,  Comparativ e F\ \  /ndex) ,  whic h ha s th e 
maximu m valu e I.O ,  (2 )  an d A* ,  whic h shoul d b e no t  significant . 
The methodolog y als o calculate s regressio n coefficient s (i n Figur e 
2 an d 3  ther e ar e th e weight s clos e t o th e links) . 
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r o u n d 1  r o u n d 2  r o u n d 3 

,2 1 

incompetenc e 

fea r  \  .̂ q s 
20 5 2 

strategy•••) j  strateg y — » •  strateg y 
.3 1 ."̂ 9 

.55m o 

motivation""^sta 1 

ivat .  -7 2 moti \ 

e '  ^  stat e 
.1 9 

.6 5 

at .  .8 2 motivat . 

~ ^  stat e 
.1 8 .1 1 :  :.1 1 

82 .  ̂ T .6 1 

.2 0 

master y 

confidenc e 

structure— •  structure— •  structure- ^  goa l 

scor e scor e scor e achievemen t 

^  P < 0 6 

Figur e 2 :  Pat h analysi s fo r  th e cognitive-motivationa l  proces s mode l  i n Stud y 1 . 

more abou t  th e structur e o f  th e system ,  perhap s becaus e the y 
put  mor e effor t  int o calculatin g th e system' s weights .  Th e 
positiv e motivationa l  stat e als o helpe d participant s reac h th e 
goal  stat e mor e accuratel y i n th e applicatio n phas e 
(motivationa l  stat e - > goa l  achievement) .  Thi s pat h analysi s 
demonstrate s h o w initia l  motivatio n affect s learnin g 
(knowledg e an d application )  vi a mediatin g variable s 
{motivationa l  stat e an d strateg y systematicity) . 

Summary 

I n th e first  stud y w e constructe d a  questiormair e t o measur e 
th e initia l  motivatio n tha t  participant s ha d afte r  the y rea d 
abou t  a  task .  W e foun d fou r  factors :  master y confidence , 
incompetenc e fear ,  interest ,  an d challenge .  Fo r  ou r 
cognitive-motivationa l  proces s mode l  onl y tw o motivationa l 
factor s (combine d i n a  laten t  variable )  wer e influential ,  thes e 
wer e incompetenc e fea r  an d master y confidence .  Thes e 
factor s influence d motivatio n durin g learning .  Participant s 
wit h hig h score s o n th e motivationa l  factor s use d a  mor e 
systemati c strategy .  Therefore ,  initia l  motivatio n influence d 
learnin g i n ou r  tas k (knowledg e an d application )  vi a 
mediatin g variable s (motivatio n durin g th e task ,  strateg y 
systematicity) ,  whic h wa s predicte d b y ou r  model . 

Study 2 

Motivatio n theorie s propos e tha t  learnin g motivatio n 
influence s tim e spen t  o n a  task .  I n Stud y 1  participant s 
coul d no t  choos e h o w man y round s the y wante d t o spen d o n 
learnin g o r  o n tryin g t o reac h th e goa l  states .  Therefore ,  i n a 
secon d stud y w e allowe d participant s t o choos e h o w lon g 
the y worke d o n th e task .  Ou r  predictio n wa s tha t  motivatio n 
directl y influence s th e numbe r  o f  learnin g an d applicatio n 

rounds .  Th e secon d ai m wa s t o replicat e th e empirica l 
model  w e foun d i n Stud y 1 . 

Method 

Participants .  Fift y on e Psycholog y student s a t  th e 
Universit y o f  Potsda m participate d i n th e stud y an d the y 
receive d cours e credi t  fo r  ever y hou r  the y stayed . 

Procedure. As in Study 1, participants were presented with 
th e biology-la b system ,  whic h ha d th e underlyin g structur e 
show n i n Figur e 1 .  I n contras t  t o Stud y I ,  participant s wer e 
tol d tha t  the y ca n us e a s man y round s (eac h roun d ha d si x 
trials )  a s the y like d t o lear n abou t  th e system .  Als o fo r  th e 
applicatio n phas e participant s wer e free  t o us e a s m a n y 
round s a s the y wante d to .  Th e experimenta l  sessio n wa s 
fixed  a t  tw o hours ,  however ,  i f  participant s wer e motivate d 
t o continu e longe r  tha n tw o hour s the y coul d c o m e bac k a 
differen t  time . 

As i n Stud y 1 ,  al l  participant s rea d th e instruction s 
explainin g th e task ,  an d th e goo d strateg y fo r  explorin g th e 
system .  Afte r  th e instruction s the y filled  ou t  th e 
questionnair e measurin g thei r  initia l  motivatio n o n th e fou r 
factors :  master y confidence ,  incompetenc e fear ,  interest ,  an d 
challenge .  The n the y starte d manipulatin g th e input s o f  th e 
syste m t o induc e th e underlyin g structure .  Afte r  ever y roun d 
the y filled  ou t  th e structur e diagram ,  showin g whic h link s 
and weight s the y alread y knew .  The n the y answere d th e 
motivationa l  stat e questionnair e (se e Tabl e 1). 

W h en th e participant s sai d the y ha d learne d enough ,  the y 
wer e presente d wit h th e goa l  states .  Th e applicatio n phas e 
was finished  whe n th e participant s decide d tha t  the y wer e 
clos e enoug h t o th e goa l  states .  Dependin g o n th e 
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participant ,  th e entir e experimen t  too k betwee n on e an d fou r 
hours . 

Results 

Mediatin g variables .  Accordin g t o ou r  mode l  w e expecte d 
tha t  initia l  motivatio n woul d affec t  learnin g vi a mediatin g 
variables .  Thes e variable s wer e th e sam e a s i n Stud y 1 : 
strateg y systematicit y an d th e motivationa l  state .  I n contras t 
t o Stud y 1 ,  w e adde d tw o mor e mediatin g variables .  (1 ) 
learnin g rounds :  A s participant s coul d choos e ho w man y 
round s the y wante d t o spen d learnin g abou t  th e structure ,  th e 
number  o f  round s wer e counted .  (2 )  Applicatio n rounds : 
As participant s als o choul d choos e ho w man y round s the y 
wante d t o us e fo r  reachin g th e goa l  states ,  th e numbe r  o f 
round s wer e counted . 

Dependent variables. As in Study 1, the structure score 
indicate d th e knowledg e participant s ha d afte r  eac h round . 
The secon d dependen t  variabl e goa l  achievemen t  measure d 
h o w wel l  participant s reache d th e goa l  states . 

Preliminary analyses. To analyze the initial motivation we 
constructe d th e sam e scale s a s i n Stud y 1 .  Th e factors ' 
intercorrelation s ca n b e see n i n Tabl e 3 .  Agai n i t  i s  eviden t 
tha t  th e construct s wer e no t  independen t  from  eac h other . 
The highes t  correlatio n wa s betwee n incompetenc e fea r  an d 
master y confidence ,  whic h i s a n argumen t  fo r  combinin g 
the m int o a  laten t  variable . 

Table 3: Correlations of the motivational factors and the 
dependen t  variable s (A ^  =  51) . 

incompetenc e 
fea r 
challeng e 

interes t 

motivat .  stat e 
(las t  round ) 
structur e scor e 
(las t  round ) 
goal  achieve . 
(las t  round ) 
learnin g 
round s 
applicatio n 
round s 

master y 
confidenc e 

-.57* * 

-.0 6 

.48* * 

.2 5 

.1 0 

-.0 1 

.32 * 

.1 9 

incompet . 
fea r 

.32 * 

-.32 * 

-.2 8 

.1 4 

.2 5 

-.1 4 

.30 * 

challeng e 

.0 6 

-.0 4 

-.2 0 

.0 7 

-.0 3 

.1 2 

interes t 

.39* * 

.21 

.1 2 

.36* * 

.1 0 

'p< m '  p<.00 \ 

On average ,  participant s chos e t o spen d abou t  5  round s 
(A/ = 5.20 ,  S D =  2.56 )  learnin g th e structur e o f  th e syste m 
and abou t  4  round s ( M = 3.72 ,  S D =  2.50 )  tryin g t o reac h th e 
goal  state s i n th e applicatio n phase . 

Befor e runnin g a  pat h analysi s (usin g E Q S )  w e looke d a t 
th e correlation s betwee n th e motivationa l  score s an d th e 
mediatin g an d dependen t  variable s (se e Tabl e 3) .  A s 

participant s coul d choos e ho w man y round s the y wan t  t o 
spen d learning ,  w e use d thei r  structur e scor e fo r  th e las t 
roun d i n additio n t o thos e fo r  round s 1  an d 2 ,  a s indicator s 
of  learning .  Goa l  achievemen t  wa s measure d fo r  th e las t 
applicatio n round .  Th e motivationa l  stat e wa s als o take n fo r 
th e las t  learnin g roun d fo r  eac h participant .  Th e correlation s 
sho w agai n tha t  challeng e i s no t  a  goo d predicto r  fo r  th e 
learnin g proces s o n thi s task . 

The cognitive-motivational process model. As in Study 1 
an EQS-mode l  (se e Figur e 3 )  shoul d sho w whethe r  ou r 
empirica l  dat a coul d fit  t o ou r  theoretica l  assumption .  Agai n 
we ha d thre e measurin g point s fo r  th e learnin g phas e (roun d 
1,  roun d 2 ,  an d th e individua l  las t  round) .  I n th e applicatio n 
phase ,  2 5 % o f  th e participant s use d mor e tha n on e round . 
Therefore ,  fo r  th e EQS-mode l  w e chos e onl y th e goa l 
achievemen t  fo r  a  participant' s las t  round .  Despit e addin g 
tw o mor e variable s no t  presen t  i n Stud y 1  (learnin g rounds , 
applicatio n rounds) ,  w e expecte d a  simila r  mode l  t o fit. 
However ,  w e ha d t o mak e som e mino r  change s (explaine d 

later )  t o receiv e a  hig h mode l  fit,  CF I  =1.00 ,  ̂ ( 71 )  = 
67.02 ,  p  >  .05 .  Firs t  w e wil l  describ e wha t  th e model s 
from  Stud y 1  an d 2  hav e i n c o m m o n an d the n th e 
differences . 

I n Stud y 1  an d 2  participant s wer e instructe d ho w t o us e a 
systemati c strategy .  I f  the y use d thi s strateg y i t  le d i n bot h 
studie s t o bette r  learnin g and ,  hence ,  t o bette r  solutions .  W e 
calle d thi s pat h a  cognitiv e path .  However ,  w e wer e 
especiall y intereste d i n th e effect s o f  initia l  motivation . 
Interes t  wa s agai n a  wors e predicto r  tha n th e motivatio n 
laten t  variabl e {master y confidenc e an d incompetenc e fear) . 
Thi s initia l  motivatio n strongl y affecte d ho w participant s fel t 
durin g learning :  I f  the y wer e mor e confiden t  a t  th e 
beginnin g o f  th e tas k the y ha d mor e fi m an d wer e mor e 
confiden t  durin g th e learnin g phas e {motivationa l  state) . 
Simila r  t o Stud y 1 ,  th e motivationa l  stat e affecte d strateg y 
systematicit y an d als o knowledg e abou t  th e system' s 
structur e (i.e. ,  structur e score) . 

I n contras t  t o Stud y I ,  ther e wa s n o effec t  o f  motivationa l 
stat e o n goa l  achievement .  A  possibl e explanatio n i s tha t  w e 
change d th e procedur e a s participant s coul d choos e th e 
number  o f  round s fo r  learnin g an d application .  Wit h thi s 
procedur e th e motivationa l  stat e i n th e las t  roun d migh t  no t 
be comparabl e t o th e thir d roun d i n Stud y 1 . 

I n Stud y 2  tw o ne w mediatin g variable s wer e included : 
learnin g rounds(LR )  an d applicatio n rounds(AR) .  Th e bes t 
predictor s fo r  learnin g round s (LR )  wer e th e structur e scor e 
and master y confidence .  Participant s wit h confidenc e i n 
thei r  succes s trie d fo r  longe r  t o discove r  th e system' s 
structure .  Participant s wh o ha d mor e knowledg e i n Roun d I 
sto p learnin g abou t  th e syste m earlier .  Fo r  applicatio n 
round s (AR )  th e knowledg e i n Roun d 1  wa s a  goo d 
predictor ,  an d th e motivationa l  facto r  incompetenc e fea r  wa s 
als o good .  Participant s wh o ha d mor e knowledg e i n Roun d 
1 o f  th e learnin g phas e spen t  fewe r  round s tryin g t o reac h 
th e goa l  state s an d participant s wit h incompetenc e fea r  trie d 
longe r  t o reac h th e goa l  states .  Thi s resul t  demonstrate d tha t 
initia l  motivatio n influence s ho w lon g peopl e wor k o n a 
task . 
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incompetenc e 
fea r  \ - -7 6 

motivation " 

master y 
confidenc e 

r o u n d 1  r o u n d 2  las t  r o u n d 

37 3 9 
[ — Strateg y — ^  strateg y ^—•strateg y 

f  2 2 / .2 7 1  .2 2 
.66motivat .  /7 1 motivat .  .6 6 motivat . 
"*"stat e ^  stat e * "  stat e 

1 .2 8 f  2 1 
.4 4 structure5 3 structur e 7 0 structur e 3 2 goa l 
^  scor e — •  scor e — • s c o r e -•achievemen t 

•̂ ^  ^ ^ ^ " ^  learnin g ~^~~^ ^  applicatio n 
round s round s 

.2 8 A 

Figur e 3 :  Pat h analysi s fo r  th e cognitive-motivationa l  proces s mode l  i n Stud y 2 . 

Discussio n 

The ai m o f  ou r  tw o studie s wa s t o demonstrat e tha t 
motivationa l  factor s hav e a n impac t  o n cognitiv e 
processe s an d learning .  W e expecte d tha t  initia l 
motivatio n woul d affec t  performanc e (knowledg e an d 
application )  vi a tw o mediatin g variable s (strateg y 
systematicit y an d motivationa l  stat e durin g learning) . 
Thi s assumptio n wa s confirme d i n tw o studies . 

Simo n (1967 )  assume d tha t  motivatio n influence s 
cognitiv e processe s vi a th e allocatio n o f  attentio n t o a 
(learning- )  goal .  Followin g thi s idea ,  th e nex t  ste p i n 
our  researc h i s t o tr y t o includ e attentio n i n ou r  proces s 
model . 

Anothe r  challeng e i s t o connec t  ou r  motivationa l 
factor s t o alread y existin g concepts ,  fo r  example ,  wha t 
does Bandura s self-efficac y (1977 )  hav e t o d o wit h 
master y confidence ? O r  ou r  facto r  challeng e wit h th e 
concep t  o f  flow-experience  (Czikszentmihalyi ,  1975) . 
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