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A n A C T - R M o d e l  o f  Individua l  Difference s i n C h a n g e s 

i n Adaptivit y d u e t o Men ta l  Fatigu e 

Linda Jongman (Iinda@tcw3.ppsw.rug.nl) 
Experimenta l  an d W o r k Psychology ,  Universit y o f  Groninge n 

Grot e Kruisstraa t  2/1 ,  971 2 T S Groningen ,  th e Netherland s 

Niels Taatgen (niels@tcw3.ppsw.rug.nl) 

Cognitiv e Scienc e an d Engineering ,  Universit y o f  Groninge n 

Grot e Kruisstraa t  2/1 ,  971 2 T S Groningen ,  th e Netherland s 

Abstrac t 

In this paper we show that adaptivity is reduced when people 
become fatigued .  Fatigue d peopl e adap t  wors e t o changin g 
probabilit y  distribution s a s compare d t o non-fatigue d individ -
uals .  I n a n ACT- R mode l  o f  th e tas k w e sho w tha t  thi s 
decrease d adaptivit y i s  du e t o a  decreas e i n th e us e o f  on e spe -
cifi c  strategy .  W e argu e tha t  th e us e o f  thi s strateg y i s 
decreased ,  becaus e i t  place s hig h demand s o n workin g mem-
ory .  I n previou s researc h w e als o foun d indication s tha t  menta l 
fatigu e i s relate d t o change s i n workin g memor y functioning . 
We argu e tha t  modelin g individua l  difference s i n performanc e 
wil l  provid e bette r  insigh t  i n th e processe s involve d i n menta l 
fatigue . 

I n t r o d u c t i o n 

In this paper, mental fatigue is defined as the subjective feel-
in g o f  bein g fatigued ,  combine d whic h negativ e change s i n 
performance ,  apar t  fro m th e influence s o f  tim e o f  day ,  o r 
investmen t  o f  physica l  effort .  M a n y researc h project s con -
cernin g menta l  fatigu e hav e faile d t o sho w decrease s i n per -
formanc e a s a  resul t  fro m fatigue .  I t  appear s tha t  peopl e ar e 
abl e t o maintai n adequat e performanc e fo r  a  substantia l 
amount  o f  time .  A  growin g numbe r  o f  investigation s revea l 
indication s tha t  i t  i s th e w a y i n whic h thi s performanc e i s 
attaine d tha t  change s whe n peopl e becom e fatigued ,  a s wa s 
akead y suggeste d b y Bartlet t  (1943 )  an d Broadben t  (1979) . 
I n di e 1970's ,  Shingledecke r  an d Holdin g (1974 )  showe d 
tha t  afte r  24-3 2 hour s o f  continuou s wor k o n a  mentall y 
loadin g tas k battery ,  peopl e change d th e orde r  i n whic h the y 
teste d possibl y defectiv e component s o n a  fault-diagnosi s 
task .  Th e tas k consiste d o f  finding  th e defectiv e resisto r  i n 
thre e bank s o f  resistor s containin g one ,  tw o an d thre e resis -
tor s respectively .  Al l  resistor s ha d a n equa l  probabilit y o f 
bein g defective ,  s o th e probabilitie s fo r  th e thre e bank s o f 
containin g th e defectiv e resisto r  wer e respectivel y 17 ,  3 3 an d 
5 0 percent .  Th e difficult y o f  th e calculation s tha t  ha d t o b e 
m a de fo r  finding  th e defectiv e transisto r  wer e easies t  fo r  th e 
ban k wit h on e transisto r  an d mos t  difficul t  fo r  th e ban k con -
tainin g thre e transistors .  I t  appeare d tha t  participants ,  i n th e 
beginnin g o f  th e experiment ,  chos e t o star t  testin g th e ban k 
wit h thre e transistor s whic h wa s mos t  likel y t o contai n th e 
defectiv e component .  A t  th e en d o f  th e experiment ,  however , 
the y starte d mor e ofte n wit h th e ban k wit h onl y on e transis -
to r  whic h wa s th e easies t  on e t o test . 

I n a  mor e recen t  article ,  Schun n an d Rede r  (1998 )  sho w 
fo r  a  numbe r  o f  differen t  task s tha t  peopl e adap t  thei r  strate -
gie s t o change d succes s rate s o f  thes e strategies .  The y als o 
showe d tha t  this ,  wha t  the y cal l  extrinsi c adaptivity ,  i s a 
sourc e o f  difference s acros s individual s an d tha t  working -
m e m o ry capacit y an d reasonin g abilit y  ar e goo d predictor s 
of  thi s adaptivit y ability . 

We develope d a  task ,  whic h i s a  combinatio n o f  thes e tw o 
approaches ,  t o investigat e whethe r  adaptivit y i s influence d 
by change s i n menta l  circumstances ,  i n thi s cas e b y menta l 
fatigue . 

The Coffee Task 

I n stea d o f  diagnosin g transistor s a s wa s don e i n th e Shingle -
decke r  an d Holdin g experiment ,  participant s hav e t o weig h 
packet s o f  coffee .  O n eac h trial ,  participant s ar e show n thre e 
balance s containin g a  tra y wit h one ,  tw o an d thre e packet s o f 
coffe e respectively .  Th e weight s o f  th e si x packet s an d th e 
thre e tray s differ s fo r  eac h trial .  Th e tas k i s t o find  th e on e 
packe t  tha t  ha s th e sam e weigh t  a s th e tra y i t  i s  on .  Partici -
pant s canno t  weig h individua l  packets ,  bu t  ar e onl y allowe d 
t o weig h th e whol e tray .  T o find  th e weigh t  o f  a  specifi c 
packet ,  th e balanc e ha s t o b e weighed ,  th e packe t  mus t  b e 
take n o f  th e balanc e an d th e balanc e ha s t o b e weighe d agai n 
and th e differenc e i n weigh t  ha s t o b e calculated .  Packet s 
canno t  b e pu t  bac k o n th e balance .  Th e tas k wa s designe d i n 
thi s wa y t o ensur e tha t  calculation s fo r  th e balanc e wit h thre e 
packet s i s  hardest ,  lik e i n th e Shingledecke r  an d Holdin g 
experiment .  Figur e 1  show s th e interfac e o f  th e task . 

To investigat e adaptivity ,  th e probabilit y  o f  succes s fo r  th e 
thre e balance s i s manipulated .  A t  th e beginnin g o f  th e exper -
iment ,  th e probabilit y  tha t  th e goa l  packe t  i s  o n a  certai n bal -
anc e i s 1 0 % (fo r  th e balanc e wit h on e packet) ,  2 0 % (fo r  th e 
balanc e wit h tw o packets )  an d 7 0 % (fo r  th e balanc e wit h 
thre e packets. )  So ,  th e probabilit y  pe r  packe t  i s  highes t  a t  th e 
balanc e wit h thre e packets .  However ,  afte r  ever y five  trials , 
th e probabilitie s ar e change d accordin g t o whic h balanc e th e 
participan t  choose s t o weig h first.  Th e balanc e tha t  i s  starte d 
wit h mos t  ofte n i s  reduce d i n probability .  Participant s ar e 
tol d tha t  th e probabilit y  change s i n thi s direction ,  bu t  no t 
precisel y whe n th e probabilitie s ar e change d an d ho w bi g 
thi s chang e i n probabilit y  is .  The y ar e pointe d ou t  tha t  i t  i s 
wis e t o star t  wit h th e balanc e wit h th e highes t  probabilit y  pe r 
packe t  an d the y ar e instructe d t o complet e a s man y trial s a s 
possible ,  makin g a s fe w mistake s a s possible . 
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Figur e 1 :  T h e interfac e o f  th e coffe e tas k 

T h e E x p e r i m e n t 

32 undergraduate students participated in the experiment dis-
tribute d ove r  tw o conditions .  I n bot h condition s participant s 
performe d th e coffe e tas k fo r  2 5 minute s a t  th e beginnin g o f 
th e experimen t  (th e PRE-test )  an d a t  th e en d o f  th e experi -
ment  (th e POST-test) .  Befor e bot h tests ,  participant s ha d t o 
rat e ho w fatigue d the y fel t  o n a  150-poin t  word-anchore d 
scale .  I n th e tim e betwee n th e PRE-an d POST-test ,  partici -
pant s o f  th e experimenta l  conditio n ha d t o continuousl y 
solv e comple x schedulin g problem s unde r  time-pressur e fo r 
tw o hour s (fo r  a  descriptio n o f  th e tas k se e Taatgen ,  1997) . 
Participant s i n th e contro l  conditio n coul d watc h vide o tape s 
or  rea d book s fo r  tw o hours .  Al l  participant s wer e U-aine d o n 
th e tas k fo r  3  time s 2 5 minute s o n th e da y precedin g th e 
experiment . 

Results 

Analysi s o f  th e reporte d feeling s o f  fatigu e reveale d a  mai n 
effec t  o f  sessio n (F(l,30 )  =  23.937 ,  p<.001 )  an d a n interac -
tio n o f  sessio n an d conditio n ( F (1,30 )  =  4.343 ,  p< .05) ,  indi -
catin g tha t  th e fatigue-manipulatio n ha d th e intende d effect . 
As a  who l e grou p th e participant s ar e m o r e fatigue d o n th e 
POST-test ,  an d thi s effec t  i s  stronge r  fo r  th e participant s 
fro m th e experimenta l  condition .  Figur e 2  s h o w s th e fatigu e 
ratings . 

As fo r  th e strateg y measures ,  contrar y t o th e finding s o f 
Shingledecke r  an d Hold in g (1974) ,  n o differenc e i n globa l 
preferenc e fo r  on e o f  th e balance s coul d b e foun d o n th e 
POST-tes t  a s c o m p a r e d t o th e PRE-test . 

M o r e interestin g i s  h o w wel l  participant s adap t  thei r 
choice s accordin g t o th e changin g probabilit y  distribution . 
T h e neutra l  probabilitie s fo r  th e thre e balance s ar e 17 ,  3 3 
an d 5 0 percen t  respectivel y (a s use d i n th e Shingledecke r 
an d Holdin g experiment) .  I f  a  participant s a lway s choose s 
th e balanc e wit h th e highes t  probabilit y pe r  packet ,  th e dis -
tributio n wil l  remai n clos e t o 17,3 3 an d 5 0 percent .  Larg e 
deviation s f ro m thi s neutra l  probabilit y  distributio n indicat e 
tha t  th e participan t  ofte n choose s a  balanc e tha t  w a s no t  opti -

contro l 

PRE POST 

Figur e 2 :  Subjectiv e measu remen t s o f  fatigu e fo r  th e P R E -

an d POST-test . 

mal. This deviation for participant i at trial (j) can be calcu-
late d accordin g t o formul a (1) . 

Deviation ,  (7 )  =  5 0 - F 3 (1 ) 

I n thi s formula ,  P 3 represent s th e probabilit y  (a s a  percent -
age )  tha t  th e goal-packe t  i s  o n th e balanc e containin g thre e 
packets .  T h e deviatio n i s zer o w h e n P 3 =  5 0 ,  a s i s th e cas e i n 
th e neutra l  distribution .  T h e deviatio n i s  plotte d positiv e i f 
th e participan t  chos e th e optima l  balanc e an d negativ e i f  th e 
participan t  chos e a  non-optima l  balance .  A  deviatio n clos e t o 
zer o m e a n s tha t  th e participan t  adapt s t o th e changin g proba -
bilities ,  wherea s a  deviatio n fa r  f r o m zer o m e a n s h e i s not . 
Figur e 3  s h o w s a n e x a m p l e o f  a  deviatio n plot ,  w h e r e th e 
participan t  start s ou t  wit h a  larg e deviation ,  bu t  attain s a  per -
fo rmanc e clos e t o zer o deviatio n i n th e secon d hal f  o f  th e 
test . 

50 
g 2 5 . 

-2 5 
-5 0 

o~"-\l\Pf][J-\ĵ ^^ -̂̂ ,̂ r̂ ^ ^ •^\f-^ ^ •̂.jA / 

tria l  numbe r 

Figure 3: Example of a deviation plot 

For each participant, an adaptivity score was calculated for 
eac h sessio n (th e POST-tes t  an d th e PRE-test )  accordin g t o 
formul a (2) . 

Adaptivity( 0 =  - ^ 

•̂ 2 

(2 ) 

Dj(j )  i s  th e deviatio n scor e fo r  participan t  i  o n tria l  j .  Thi s 
adaptivit y i s  th e m e a n square d deviatio n scor e fo r  a  w h o l e 
session .  N  i s th e tota l  n u m b e r  o f  trial s th e participan t  c o m -
pleted .  W e chos e t o tak e th e square d deviatio n i n orde r  t o ge t 
ri d o f  th e sig n an d t o stres s larg e deviations .  Figur e 4  s h o w s 
h o w thi s adaptivit y change s f ro m th e PRE-tes t  t o th e P O S T -
test . 
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Figur e 4 :  Adaptivit y score s fo r  th e P R E -  an d POST-tes t  fo r 

al l  participant s (uppe r  figure),  an d onl y participant s w h o 

adap t  t o th e changin g probabilitie s (lowe r  figure) 

Whil e n o mai n effec t  o f  sessio n (PRE-test ,  POST-test ) 
coul d b e found ,  ther e wa s a  significan t  interactio n o f  sessio n 
by conditio n (F(l,30 )  =  9.912 ,  p<.01) .  A s ca n b e see n i n th e 
uppe r  hal f  o f  th e figure,  participant s fro m th e contro l  condi -
tio n adap t  bette r  o n th e POST-tes t  a s compare d o n th e P R E -
test ,  whil e participant s fro m th e experimenta l  conditio n d o 
adap t  wors e o n th e POST-test .  Th e differenc e betwee n th e 
tw o condition s o n th e PRE-tes t  wa s non-significan t  an d 
coul d b e attribute d t o five  participant s w h o di d no t  adap t  a t 
al l  t o th e changin g probabilities .  Th e lowe r  par t  o f  figure  4 
shows th e adaptivit y fo r  th e tw o condition s whe n thes e five 
participant s ar e remove d fro m th e set . 

Thes e result s indicat e tha t  strateg y adaptivit y i s reduce d 
when peopl e becom e fatigued .  Moreover ,  th e decreas e i n 
performanc e correlate s wit h th e chang e i n reporte d feeling s 
offatigue(r=.50,p<.01) . 

Strategies 

An interesting question is how to explain the difference in 
adaptivit y betwee n th e tw o conditions .  O n e approac h i s t o 
loo k a t  whic h strategie s ar e possibl e t o d o th e task .  W e 
hypothesiz e tha t  ther e ar e tw o possibl e strategies :  choos e th e 
same balanc e a s o n th e previou s tria l  (P) ,  an d choos e th e bal -
anc e whic h containe d th e answe r  o n th e previou s tria l  (A) . 
Th e latte r  o f  th e tw o i s a n adaptiv e strategy .  Becaus e thes e 
strategie s overla p i n thei r  predicte d responses ,  response s ca n 
be categorize d int o th e followin g fou r  categories : 

(I)PaA(PA ) 
(2 )  P  A-, A (PnA ) 
(3)-^PAA(nPA ) 
(4 )  -, P A-, A (nPnA ) 
Based o n th e distributio n o f  th e response s int o thes e fou r 

categories ,  w e estimate d th e us e o f  th e tw o strategie s (A )  an d 
(P) .  Response s i n categor y (3 )  strongl y indicat e th e us e o f 
th e adaptiv e A-strategy .  Participant s choos e th e balanc e tha t 
containe d th e answe r  o n th e previou s trial .  Response s i n cat -
egor y (2 )  indicat e th e us e o f  th e non-adaptiv e P-strategy . 
Categor y (4 )  i s som e kin d o f  res t  categor y i n whic h a  differ -
ent  balanc e i s  chosen ,  bu t  no t  th e on e tha t  containe d th e 
answer  o n th e previou s trial .  Response s i n thi s categor y ca n 
indicat e th e us e o f  a  differen t  strateg y a s th e tw o mentione d 
before . 

As wa s describe d i n th e introduction ,  w e wante d t o se e 
whethe r  adaptivit y i s  influence d b y menta l  fatigue .  Th e 
result s o f  th e experimen t  indicate d tha t  th e experimenta l 
grou p ha d a  decrease d adaptivit y score .  A n interestin g ques -
tio n i s whethe r  thi s reductio n i n thei r  adaptivit y score s coul d 
be explaine d b y a  reductio n i n th e use  o f  th e adaptiv e A-strat -
egy .  I f  so ,  thi s shoul d b e visibl e b y a  decreas e i n response s i n 
th e nPA-category .  W e mus t  not e tha t  no t  al l  participant s wer e 
fatigue d t o th e sam e degre e b y th e experimenta l  manipula -
tion .  Therefore ,  w e hav e spli t  th e participant s i n a  high -
fatigu e grou p an d a  low-fatigu e group ,  base d o n th e media n 
increas e i n fatigu e score s fo r  th e experimenta l  group . 
Althoug h w e di d no t  find  a  mai n effec t  o f  sessio n i n th e num -
ber  o f  response s i n th e nP A category ,  ther e wa s a  significan t 
interactio n o f  sessio n an d th e tw o fatigu e group s (F(l,30 )  = 
5.548 ,  p=.025) .  So ,  onl y th e high-fatigu e grou p showe d a 
decreas e i n response s i n th e nP A category . 

Furthermore ,  th e fou r  differen t  categorie s conelat e 
strongl y wit h th e adaptivit y score s o f  th e participant s a s cal -
culate d accordin g t o formul a (2) : 

PA 

PnA 

nPA 

nPn A 

*  p<.05 . * * p < .01 , 

P RE adaptivit y 

.53* * 

.90** * 

-.67** * 

-.42 * 

** *  p<.00 1 

P O ST adaptivit y 

-.72** * 

.86** * 

-.61** * 

-.44 * 

As thi s tabl e shows ,  th e A-strategy ,  indicate d b y nP A 
responses ,  ha s a  stron g negativ e correlatio n wit h th e adaptiv -
it y score ,  whic h implie s usin g th e A-strateg y ha s a  positiv e 
effec t  o n performance .  Th e P-strateg y o n th e othe r  han d ha s 
a ver y negativ e effec t  o n performance ,  a s ca n b e conclude d 
fro m th e positiv e correlatio n betwee n P n A an d performance . 

The ACT-R Model 

In order to explore the question whether the proposed strate-
gie s full y  characteriz e th e behavio r  o f  participant s o n thi s 
task ,  w e develope d a n A C T - R mode l  t o simulat e th e behavio r 
of  individua l  participants . 

A C T - R (Anderso n &  Lebiere ,  1998 )  i s a  hybri d cognitiv e 
architectur e base d o n a  productio n system .  I t  ha s bee n use d 
t o explai n a  wid e rang e o f  cognitiv e phenomen a b y produc -
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in g model s tha t  mak e precis e prediction s abou t  choices , 
latencie s an d errors .  Th e mai n mechanis m w e wil l  us e i s 
ACT-R' s conflic t  resolutio n tha t  wil l  b e use d t o choos e 
betwee n strategies . 

The basi s fo r  thi s choic e betwee n strategie s consist s o f  th e 
followin g thre e rules : 

(1 )  A  rul e tha t  propose s t o star t  wit h th e sam e balanc e a s 
th e previou s trial ,  correspondin g t o th e P-strateg y 

(2 )  A  rul e tha t  propose s t o us e th e answe r  t o th e previou s 
tria l  a s th e basi s fo r  th e choice ,  correspondin g t o th e 
A-strateg y 

(3 )  A  rul e tha t  pick s a  rando m balanc e t o star t  with , 
whic h differ s fro m th e balanc e chose n first  i n th e pre -
viou s trial .  W e wil l  cal l  thi s th e res t  (R )  strategy . 

Thi s las t  rul e i s use d t o represen t  th e n P n A cases ,  fo r  whic h 
i t  i s  no t  clea r  wha t  strateg y th e participan t  pursues . 

I n orde r  t o choos e betwee n rules ,  A C T - R (Anderso n & 
Lebiere ,  1998 )  use s a  conflict-resolutio n mechanis m base d 
on th e expecte d gai n o f  a  rule .  Th e expecte d gai n o f  a  rul e i s 
calculate d b y takin g th e followin g factor s int o account :  a n 
estimat e o f  th e probabilit y  tha t  th e rul e achieve s th e curren t 
goal ,  a n estimat e o f  th e cost s tha t  ar e involve d i n achievin g 
thi s goal ,  an d tha t  valu e o f  th e goa l  itself .  Basically ,  th e rul e 
wit h th e highes t  expecte d gai n i s selected .  However ,  sinc e 
nois e i s adde d t o th e expecte d gain ,  th e bes t  rul e no t  alway s 
fires,  i t  onl y ha s th e highes t  probabilit y  o f  firing,  governe d 
by th e followin g equation : 

Probabilit y  o f  choosin g rul e i  = 
p 7 -

(3 ) 

I n thi s equation ,  £ ,  represent s th e expecte d gai n o f  rul e i ,  an d 
th e t  paramete r  determine s th e leve l  o f  noise . 

Fro m th e experimen t  w e have ,  fo r  eac h participant ,  th e 
proportio n o f  time s the y chos e a  respons e i n th e categorie s 
PA,  PnA ,  n P A an d n P n A fo r  bot h th e P R E -  an d th e P O S T -
test .  Thes e value s ca n b e use d t o estimat e th e probabilit y  th e 
participan t  use s th e P-strategy ,  th e A-strategy ,  o r  th e R-strat -
egy .  Consequently ,  thes e estimate s ca n b e use d t o calculat e 
suitabl e expecte d gain s fo r  th e thre e rule s tha t  choos e th e 
strategies . 

To se e h o w wel l  th e mode l  ca n estimat e th e adaptivit y 
scor e fo r  eac h participan t  i n eac h test ,  th e mode l  wa s ru n fo r 
50 time s wit h th e thre e expected-gai n parameter s estimate d 
fo r  eac h participan t  an d eac h test .  Th e resul t  i s  show n i n 
figure  5 .  Eac h poin t  i n th e grap h correspond s t o on e tes t 
(PR E o r  P O S T )  o f  a  singl e participant) .  Th e correlatio n 
betwee n th e dat a an d th e mode l  prediction s i s 0.77 ,  whic h i s 
not  particularl y high ,  althoug h encouraging .  Th e proble m is , 
tha t  ther e i s a  lo t  o f  randomnes s involve d i n th e model .  Eve n 
i f  th e averag e scor e fo r  on e o f  th e model s i s 200 ,  value s fo r 
individua l  run s m a y rang e fro m 10 0 t o 500 .  S o w e decide d t o 
see ho w fa r  apar t  th e experimenta l  scor e an d eac h mode l  pre -
dictio n wa s i n term s o f  th e standar d deviatio n o f  th e mode l 
(base d o n th e 5 0 run s fo r  eac h score) .  Th e resul t  was ,  tha t 
6 6 % o f  th e experimenta l  score s wa s withi n on e S.D .  o f  th e 
model  prediction ,  an d 9 7 % withi n tw o S.D.'s ,  exactl y wha t 
one woul d expec t  i n a  norma l  distribution . 

To ge t  a  bette r  ide a o f  h o w th e model' s performanc e ca n 
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Figure 5: Predictions of the model compared to the data 

be compared to what goes within a test, we did a second run 
of  2 0 simulation s fo r  eac h participan t  an d eac h test .  I n stea d 
of  averagin g thes e simulations ,  w e picke d th e simulatio n 
whic h adaptivit y scor e wa s closes t  t o th e adaptivit y scor e i n 
th e experiment .  Thi s "bes t  o f  20 "  strategy ,  no r  surprisingly , 
boost s th e correlatio n betwee n th e dat a an d th e mode l  t o 
0.99 .  Figur e 6  show s th e matc h betwee n th e mode l  an d th e 
data . 
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Figur e 6 :  Prediction s o f  th e "bes t  o f  2 0 "  mode l  an d th e dat a 

Sinc e finding a  clos e matc h betwee n mode l  an d dat a i s no t 
suc h a  bi g fea t  i f  on e use s a  "bes t  o f  20 "  strategy ,  w e looke d 
at  h o w wel l  thi s mode l  ca n predic t  th e detail s o f  th e experi -
menta l  data .  W e plotte d th e cours e o f  th e individua l  devia -
tio n score s durin g th e experiment ,  an d compare d i t  t o th e 
prediction s o f  th e bes t  model .  Th e result s fo r  fou r  partici -
pant s ar e depicte d i n figure  7 .  Th e left-han d colum n show s 
dat a fro m th e experiment :  a  P R E -  an d POST-tes t  fo r  eac h 
participant .  Th e right-han d colum n show s th e prediction s o f 
th e mode l  fo r  eac h o f  th e individua l  runs .  Th e fou r  partici -
pant s show n ar e al l  fro m th e hig h fatigue-grou p an d al l  per -
forme d wors e o n th e POST-tes t  tha n o n th e PRE-test ,  a s 
measure d b y th e adaptivit y score .  A  tota l  o f  si x participant s 
satisfie d bot h o f  thes e criteria ,  s o two-thir d o f  th e "interest -
ing "  grou p i s show n i n figure  7 . 

As on e ca n se e i n figure  7 ,  th e plot s o f  th e deviatio n score s 
sho w hug e individua l  differences .  Th e model ,  however ,  cap -
ture s thes e difference s quit e nicely ,  especiall y give n th e fac t 
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Figur e 7 :  Deviatio n score s durin g th e cours e o f  th e experimen t  fo r  th e experimen t  an d th e model' s predictions .  T h e fou r 

participant s s h o w n ar e al l  firo m th e experimenta l  condition ,  al l  reporte d fatigu e a t  th e post-test ,  an d al l  ha d a  wors e performanc e 

o n th e post-tes t  compare d t o th e pre-test . 
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tha t  n o informatio n abou t  th e cours e o f  th e deviation s ha s 
been pu t  int o th e model .  Basically ,  eac h mode l  i s base d o n 
fou r  parameter s fro m th e experimenta l  data ;  th e PC ,  nPC , 
PnC,  an d th e adaptivit y score . 

Each o f  th e fou r  fatigue d participant s i n th e figure  show s a 
slightl y differen t  patter n o f  fatigue .  Participan t  1 1 doe s quit e 
wel l  o n th e PRE-test ,  an d keep s he r  deviatio n scor e quit e 
clos e t o zero .  A t  th e POST-test ,  however ,  sh e show s hardl y 
any adaptivit y a t  al l  anymore .  Participan t  2 7 als o start s ou t 
ver y wel l  o n th e PRE-test ,  bu t  canno t  maintai n thi s perfor -
mance i n th e POST-test ,  wher e h e start s oscillating . 
Participan t  2 9 alread y start s wit h poo r  deviatio n scores ,  bu t 
get s eve n wors e i n th e POST-test ,  wher e sh e goe s dow n t o a 
deviatio n scor e o f  -5 0 wit h a n occasiona l  spik e t o +50 . 
Participan t  32 ,  finally,  exhibit s a  goo d performanc e o n bot h 
th e PRE -  an d th e POST-test ,  bu t  sh e take s slightl y mor e tim e 
t o arriv e a t  a  deviatio n o f  aroun d zer o i n th e post-test . 

I n al l  fou r  case s th e mode l  show s th e sam e patter n o f  th e 
effec t  o f  fatigu e a s th e data .  Thi s i s a n indicatio n tha t 
althoug h th e deviatio n plot s o f  th e participant s ar e al l  quit e 
different ,  th e essenc e i s capture d i n th e fou r  parameter s tha t 
ar e pu t  int o th e model . 

Discussion 

In the introduction, we hypothesized that mental fatigue 
woul d influenc e adaptivity .  Th e result s fro m th e experimen t 
sho w tha t  adaptivit y i s reduce d whe n peopl e becom e 
fatigued .  Moreover ,  th e increas e i n reporte d feeling s o f 
fatigu e strongl y correlate s wit h a  reductio n o f  adaptivity .  I f 
we zoo m i n o n adaptivit y i n mor e detail ,  w e se e tha t  th e 
reductio n i n adaptivit y fo r  fatigue d peopl e coul d b e largel y 
explaine d b y a  reductio n i n th e us e o f  th e adaptiv e strategy . 
I n th e model ,  thi s adaptiv e strateg y wa s define d a s choosin g 
th e balanc e tha t  containe d th e answe r  o n th e previou s trial , 
whic h i s a  fairl y  simpl e implementation .  However ,  i t  i s  pos -
sible ,  peopl e d o no t  realiz e tha t  suc h a  simpl e strateg y wil l 
do th e job .  I t  i s  likel y tha t  peopl e wil l  bas e thei r  decision s o n 
whic h balanc e containe d th e answe r  o n th e las t  tw o o r  thre e 
trials .  I n tha t  way ,  thi s adaptiv e strateg y wil l  plac e hig h 
demands o n workin g memory .  Thi s i s consisten t  wit h th e 
findings  o f  Schun n an d Rede r  (1998 )  wh o repor t  tha t  work -
ing-memor y capacit y i s a  goo d predicto r  o f  adaptivity .  A 
possibl e reaso n tha t  thi s adaptiv e strateg y i s use d les s whe n 
peopl e becom e fatigued ,  i s tha t  workin g memor y functionin g 
i s impaire d b y menta l  fatigue .  Jongma n (1998 )  als o foun d 
some indication s tha t  workin g memor y functionin g coul d 
pla y a  rol e i n menta l  fatigue . 

As fo r  th e model ,  w e hypothesize d tha t  ther e ar e tw o pos -
sibl e strategie s t o perfor m th e task .  Figur e 7  show s tha t  th e 
model  i s abl e t o captur e man y aspect s o f  individua l  partici -
pants' s performanc e o n th e task .  So ,  th e tw o strategie s gav e 
an adequat e representatio n o f  people' s performance .  Thi s 

was als o confirme d b y th e stron g correlation s betwee n th e 
differen t  respons e categorie s an d th e adaptivit y scores .  H o w -
ever ,  w e als o foun d a  moderatel y significan t  negativ e corre -
latio n betwee n th e nPn A categor y an d th e adaptivit y scores . 
Thi s ma y indicat e tha t  participan t  use s a  mor e elaborat e 
adaptiv e strategy ,  relate d to t  th e A-strategy ,  bu t  usin g mor e 
trial s t o bas e th e decisio n on .  O r  i t  ma y indicat e a  totall y dif -
feren t  strategy ,  meanin g peopl e us e a t  leas t  a  thir d strateg y a s 
well ,  whic h wa s no t  capture d b y ou r  model ,  bu t  whic h di d 
hav e a  positiv e influenc e o n thei r  adaptivit y scores . 

Overall ,  th e mode l  gav e a n encouragin g fit  o f  th e data .  Si x 
peopl e fro m th e high-fatigu e grou p showe d hug e change s i n 
adaptivit y fro m th e PRE -  t o th e POST-test .  Althoug h th e pat -
ter n o f  chang e wa s differen t  fo r  th e si x persons ,  a s show n fo r 
fou r  person s i n figure  7 ,  th e mode l  fitted  thes e differen t  pat -
tern s quit e nicely .  So ,  th e difference s i n thes e pattern s ca n b e 
adequatel y explaine d b y change s i n th e frequencie s thes e 
strategie s ar e used . 

Many researc h project s concernin g menta l  fatigu e sho w 
ver y specifi c  change s i n performanc e fo r  differen t  individu -
als .  I n thi s pape r  w e showe d tha t  differen t  pattern s coul d b e 
explaine d b y change s i n th e us e o f  a  singl e strategy .  W e wil l 
argu e therefore ,  tha t  fatigu e researc h an d relate d fields  wil l 
benefi t  fro m a n approac h tha t  focuse s o n modelin g individ -
ual  differences ,  thu s avoidin g th e ris k o f  throwin g th e bab y 
out  wit h th e bat h water . 
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