
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Towards the Relation between Language and Thinking - the Influence of Language on 
Problem-Solving and Memory Capacities in Working on a Non-Verbal Complex Task

Permalink
https://escholarship.org/uc/item/4rh8q1q2

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 21(0)

Author
Bartl, Christina

Publication Date
1999
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4rh8q1q2
https://escholarship.org
http://www.cdlib.org/


Toward s th e Relatio n betwee n Languag e an d Thinkin g -

th e Influenc e o f  Languag e o n Problem-Solvin g an d M e m o r y Capacitie s i n Work in g 

on a  Non-Verba l  Comple x Tas k 

Christ in a Bart I  (christina.bartl@ppp.uni-bamberg.de ) 
Lehrstuh l  Psychologi c II ;  Otto-Friedrich-Universita t 

D-9604 5 Bamberg ,  German y 

Abstrac t 

This study focuses on the ..classical" topic of the relation 
betwee n languag e an d thinking .  Empirica l  studie s investi -
gatin g th e interactio n o f  verbalizatio n an d proble m solvin g 
sho w inconsisten t  results .  Studie s diffe r  wit h respec t  t o th e 
instructio n o f  verbalizatio n an d th e characteristic s o f  th e task . 
The ai m o f  th e stud y i s t o compar e th e performanc e i n a  non -
verba l  proble m wit h an d withou t  language .  Fo r  thi s purpos e 
we investigat e th e performanc e o f  si x group s o f  subject s 
workin g unde r  differen t  conditions :  som e o f  the m wer e dis -
turbe d i n thei r  languag e behavior ,  other s wer e encourage d t o 
verbalize .  I t  coul d b e show n tha t  thoug h the y ha d t o wor k o n 
a non-verba l  problem ,  subject s disturbe d i n thei r  linguisti c 
behavio r  showe d a  wors e performanc e tha n controls .  Fur -
thermor e i t  ca n b e show n tha t  ..thinkin g aloud "  i n itsel f  doe s 
not  guarante e a n improvemen t  o f  performance .  Moreove r 
ther e ar e specifi c  aspect s o f  thinkin g alou d supportin g prob -
le m solving .  Cas e studie s revea l  interestin g result s wit h re -
spec t  t o th e specifi c  structur e o f  ..helpful "  verbalization .  Th e 
difference s foun d canno t  b e explaine d b y differen t  memor y 
load s o r  b y th e degre e o f  distraction . 

Introduction 

W h en childre n wor k o n a  difficul t  tas k yo u ca n observ e 
the m talkin g t o themselves .  Verbalizatio n seem s t o hel p t o 
carr y ou t  activitie s whic h ar e clos e t o th e m a x i m u m a  chil d 
ca n achiev e accordin g t o hi s o r  he r  developmenta l  stat e 
(Dia z &  Berk ,  1992) .  Severa l  method s i n psychotherap y 
make us e o f  th e positiv e effec t  o f  self-verbalizatio n o n ac -
tio n regulation .  Meichenbau m &  G o o d m a n (1971 )  devel -
ope d a  progra m fo r  impulsiv e children .  The y traine d the m 
t o tal k t o themselve s whil e workin g o n cognitiv e o r  motori c 
tasks .  Th e verbalization ,  firs t  aloud ,  late r  whisperin g an d 
finall y tacitl y ca n improv e proble m solvin g performanc e 
and hel p impulsiv e childre n t o contro l  themselves .  Simila r 
observation s ca n b e m a d e w h e n subject s wor k o n comple x 
problems :  bein g i n a  crucia l  situation ,  the y spontaneousl y 
begi n t o verbaliz e aspect s o f  th e proble m o r  thei r  o w n be -
havior .  Althoug h w e ar e no t  ye t  reall y sur e whic h specifi c 
aspect s o f  verbalizatio n facilitat e th e organizatio n o f  cogni -
tiv e processes ,  th e nee d t o "tal k t o oneself "  whil e solvin g 
problem s seem s t o b e almos t  irresistable . 

Experiment s concernin g th e treatmen t  o f  "thinkin g aloud " 
and "self-verbalization "  howeve r  d o no t  giv e clea r  evi -
dence .  O n th e on e han d ther e ar e a  lo t  o f  studie s whic h 
suppor t  th e hypothesi s tha t  thinkin g alou d ca n improv e 
proble m solvin g behavio r  i n non-verba l  tasks ,  suc h a s th e 

T o w er  o f  Hanoi ,  Raven' s Standar d Progressiv e Matrice s o r 
othe r  non-verba l  intelligenc e task s (se e Berr y &  Broadbent , 
1984 ;  Franze n &  Merz ,  1976 ;  Gagn e &  Smith ,  1963 ;  Hussy , 
1987) .  O n th e othe r  hand ,  studie s giv e indicatio n fo r  a  con -
trar y assumption .  Phela n (1965 )  force d subject s t o thin k 
alou d whil e workin g o n concep t  learnin g task s an d foun d 
negativ e effect s o n thei r  performance .  Severa l  studie s indi -
cat e n o difference s i n performanc e betwee n a  verbalizin g 
grou p an d control s (e.g .  Deffner ,  1989 ;  Lass ,  Klettke ,  Liie r 
& Ruhlender ,  1991 ;  Rheniu s &  H e y d e m a n n ,  1984) . 

H o w ca n w e explai n suc h inconsistencies ? Lookin g ex -
actl y upo n th e experimenta l  design s o f  th e cite d studies ,  th e 
hypothesi s arise s tha t  difference s i n th e instructio n o f 
"thinkin g aloud "  lea d t o contradictor y results .  Accordin g t o 
th e mode l  o f  Ericsso n &  S imo n (1980 ,  1984) ,  verbalizatio n 
ca n onl y improv e performanc e w h e n i t  content s aspect s no t 
include d i n workin g m e m o r y before .  S o meta-cognitiv e 
processe s suc h a s self-explanatio n o r  self-reflectio n coul d 
modif y an d improv e proble m solvin g strategies .  Th e stud y 
of  Ch i  e t  al .  (1989 )  coul d demonstrat e tha t  bette r  achiever s 
hav e mor e spontaneou s utterance s reflectin g an d evaluatin g 
thei r  o w n behavior .  Othe r  studie s sho w tha t  treatment s 
enforcin g meta-cognitiv e processe s hav e positiv e effect s o n 
subjects '  proble m solvin g capacitie s (Beradi-Collett a et .  al. , 
1995 ;  Ch i  e t  al. ,  1994 ;  Tisdale ,  1998) . 

Anothe r  reaso n fo r  th e differen t  result s coul d b e foun d i n 
th e experimenta l  designs .  Subject s instructe d t o thin k alou d 
wer e compare d wit h control s withou t  an y specifi c  instruc -
tion .  O n e coul d argu e tha t  th e control s als o verbalized , 
eithe r  loudl y o r  silently .  Obviousl y i t  i s necessar y t o control , 
whethe r  th e subject s indee d refraine d fro m verbalizing .  O n e 
metho d t o suppres s verbalizatio n i s  th e techniqu e o f  "ar -
ticulator y suppression" .  I n thi s treatmen t  subject s hav e t o 
carr y ou t  speakin g routin e tasks ,  s o tha t  thei r  motori c 
speec h syste m i s permanentl y busy .  Ye t  studie s i n th e con -
tex t  o f  Baddeley' s phonologica l  loo p mode l  (Baddeley , 
1990 )  show ,  tha t  articulator y suppressio n ha s negativ e ef -
fect s o n subjects '  m e m o r y loads .  Th e influenc e o f  articula -
tor y suppressio n o n proble m solvin g processe s ha s no t  bee n 
investigate d yet . 

T h e ai m o f  thi s stud y i s t o explai n th e reason s fo r  th e dif -
feren t  findings .  Firstl y w e investigat e i f  a n instructio n o f 
self-explicatio n an d self-evaluatio n ha s stronge r  positiv e 
effect s o n proble m solvin g tha n th e unspecifi c  instructio n t o 
thin k aloud .  Secondl y w e tes t  th e hypothesi s tha t  suppres -
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sio n o f  th e interna l  dialogu e lead s t o a  wors e proble m solv -
in g performance . 

Beside s th e impact s o f  differen t  languag e treatment s o n 
proble m solvin g performance ,  w e wil l  hav e a  loo k a t  possi -
bl e influenc e o f  th e treatment s o n attentio n an d o n m e m o r y 
fo r  element s o f  th e proble m space . 

Method 

Subjects 

The experimen t  wa s carrie d ou t  wit h 6 0 subjects ,  3 2 fe -
male s an d 2 8 males ,  w h o wer e distribute d t o si x experi -
menta l  group s b y random .  Th e ag e varie d betwee n 1 4 an d 
40 year s wit h a  mea n o f  2 3 years .  Mos t  o f  th e subject s ( n = 
54 )  wer e student s o f  differen t  field s o f  th e universitie s 
Bamberg ,  Eriange n an d Trier .  Furthermor e on e pupi l  an d 
fiv e postgraduate d person s joine d th e experiment . 

Task 

I n thi s stud y w e use d th e computer-aide d scenari o "Bio -
Beetle" ,  whic h ca n b e classifie d a s a n interpolatio n proble m 
(Domer ,  1976 )  i n th e traditio n o f  th e Towe r  o f  Hanoi .  I n th e 
"BioBeetle "  scenario ,  subject s have  t o transfor m a  give n 
initia l  stat e int o a  targe t  stat e b y usin g give n operator s i n a 
specifi c  sequence .  T h e scenari o i s  semanticall y e m b e d d e d 
as a  laborator y fo r  breedin g beetle s wher e th e morpholog y 
of  beetle s ca n b e transforme d b y radiation .  T h e beetle s 
diffe r  i n si x characteristic s (color ,  shape ,  for m o f  feet ,  eyes , 
tentacle s an d m o u t h ) .  Eac h o f  th e characteristic s ca n hav e 
tw o value s (p.e .  th e colo r  ca n b e re d o r  green) ,  s o tha t  2 6 
animal s ca n b e distinguished .  T h e morpholog y o f  th e bee -
tle s ca n b e transforme d b y twelv e kind s o f  radiatio n ( = 
operators) .  Severa l  radiation s onl y chang e on e characteristi c 
o f  th e beetle ,  other s affec t  severa l  morphologica l  attributes . 
Furthermor e s o m e radiation s nee d certai n condition s t o 
work ,  s o tha t  th e subject s first  hav e t o achiev e sub-ordinat e 
target s fo r  usin g them . 
Al l  informatio n necessar y t o solv e th e breedin g problem s i s 
give n i n pictures .  Startin g th e simulation ,  th e subject s se e o n 
th e lef t  sid e o f  th e scree n th e initia l  beetl e an d o n th e righ t 
sid e th e targe t  stat e (se e figure  1) . 
I n th e lef t  uppe r  c o m e r  th e actua l  stat e ("aktuelle r  Zustand" ) 
o f  th e beetl e i s  visualized .  I n th e righ t  corne r  ther e i s th e 
targe t  stat e ("Ziel") .  I n orde r  t o transfor m th e beetle ,  sub -
ject s hav e t o pres s th e button s n a m e d wit h Gree k letters . 
Q ick in g o n th e button s n a m e d wit h Gree k letters ,  th e sub -
ject s ge t  informatio n abou t  th e prerequisit s an d th e effect s 
o f  th e chose n radiation .  T h e n the y ca n decid e whethe r  o r 
not  the y wan t  t o appl y it .  I f  th e necessar y condition s fo r  a 
radiatio n ar e no t  given ,  nothin g wil l  happen .  Afte r  a  suc -
cessfu l  modification ,  th e actua l  stat e o f  th e beetl e appear s 
o n th e screen . 
T h e informatio n abou t  th e operator s i s als o give n i n picture s 
(se e figure  2 ) .  A s a  result ,  th e subject s alway s k n o w th e 
actua l  stat e o f  th e beetle ,  th e targe t  stat e an d th e impac t  o f 
an y possibl e measure .  Thei r  proble m i s t o appl y th e opera -
tor s i n th e righ t  sequenc e i n orde r  t o attai n al l  th e character -
istic s o f  th e targe t  state .  Lookin g a t  figur e 2  th e firs t  lin e 
("IN" )  represent s th e prerequisits .  T h e radiatio n i s no t  ap -

pliabl e unles s th e actua l  stat e o f  th e beetl e ha s th e charac -
teristic s s h o w n i n th e first  line .  W h e n al l  prerequisit s wer e 
give n an d th e radiatio n i s  applie d th e beetl e wil l  chang e it s 
morpholog y th e w a y s h o w n i n th e lin e belo w ("OUT") .  I n 
thi s cas e th e radiatio n change s th e color ,  i f  th e beetl e ha s a n 
ova l  shap e an d lon g tentacles . 

aktuelle r  Zustan d Zie l 

Das Kaferlabor l  ftutgabe:  1 

link* Tut*te«sirahl\x^, rccht* Tmivi Op«rator 

nipx a Ut i 
Z.I .  .1 . 

m ] |  D.H .  lltwllon l 

F i g u r e 1 :  S u r f a c e o f  t h e c o m p u t e r - a i d e d t a s k 
" B i o B e t t l e " . 
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* 

* 

/ 

/ 

Figur e 2 :  Pictora l  informatio n abou t  th e radiation s effect . 

Treatmen t 

The subject s worke d o n th e "BioBeetle "  proble m unde r  si x 
differen t  condition s (1 0 subject s i n eac h group) .  On e par t  o f 
th e sampl e wa s encourage d i n thei r  verba l  behavio r  b y dif -
feren t  treatment s (treatmen t  1 :  "thinkin g aloud "  an d treat -
ment  2 :  "self-reflection") .  Other s wer e disturbe d i n thei r 
inne r  dialogu e (treatmen t  3 :  "n o verbalization "  an d treat -
ment  4 :  "articulator y suppression") .  I n orde r  t o determin e 
whethe r  a n influenc e o f  articulator y suppressio n ca n b e 
attribute d t o th e specifi c  verba l  interferenc e o r  t o a n unspe -
cifi c  impairmen t  o f  attention ,  anothe r  grou p o f  subject s 
carrie d ou t  a  comparabl e motoric ,  bu t  non-verba l  routin e 
tas k (treatmen t  5 :  motori c interference )  whil e solvin g th e 
problem .  A  grou p o f  control s complete s th e experimenta l 
design .  Th e experimenta l  treatment s ar e describe d below : 
Treatmen t  1  ("thinkin g aloud") :  Befor e the y starte d t o wor k 
o n th e BioBeetle ,  thes e subject s go t  th e instructio n t o ver -
baliz e thei r  thoughts ,  tha t  i s  t o vocaliz e everythin g tha t 
woul d c o m e int o thei r  mind .  T h e y wer e reminde d o f  th e 
instructio n afte r  eac h task . 
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Treatmen t  2  ("self-reflection") :  Th e subject s wer e inter -
rupte d i n interval s o f  fou r  minutes .  The y wer e aslce d t o 
describ e wha t  the y wer e doing ,  t o evaluat e thei r  strateg y 
and t o giv e themselve s som e instruction s fo r  thei r  futur e 
behavior .  I n th e res t  o f  th e tim e th e subject s coul d verbaliz e 
alou d o r  silentl y a s the y liked . 
Treatmen t  3  ("n o verbalization") :  I n thi s grou p th e subject s 
got  th e instructio n t o refus e verbalization ,  lou d an d tacit ,  a s 
completel y a s possible .  The y shoul d no t  as k themselve s 
question s no r  giv e themselve s instructions . 
Treatmen t  4  ("articulator) /  suppression") :  Subject s o f  thi s 
grou p ha d t o carr y ou t  a  verba l  routin e tas k whil e solvin g 
th e problem .  The y wer e instructe d t o spea k tw o figure s (3 2 
and 43 )  i n chang e agai n an d again .  W e suppose d tha t  whil e 
bein g bus y wit h speakin g continuously ,  the y wouldn' t  b e 
abl e t o verbaliz e problem-relevan t  topic s a s wel l  a s withou t 
thi s distraction . 
Treatmen t  5  ("motori c  interference") :  Subject s wer e bus y 
wit h a  motori c routin e tas k whil e solvin g th e problem .  I n 
contrar y t o treatmen t  4 ,  the y di d no t  carr y ou t  a  tas k re -
quirin g th e motori c syste m o f  speech ,  bu t  knocke d a  rhyth m 
on th e table . 
The sixt h grou p ("controls" )  go t  n o specifi c  instruction . 

Procedure 

At  th e beginnin g o f  th e experiment ,  subject s worke d o n 
thre e eas y tasks ,  s o tha t  the y coul d ge t  used  t o th e handlin g 
of  th e computer-aide d scenario .  The n the y ha d t o wor k o n 
thre e experimenta l  task s o f  increasin g difficulty .  Th e firs t 
tas k require s th e applicatio n o f  seve n radiation s i n th e righ t 
sequence ,  th e secon d eigh t  an d th e thir d twelve .  Th e sub -
ject s ha d th e possibilit y  t o restar t  eac h tas k an d t o g o bac k 
t o th e initia l  stat e o f  th e beetle ,  whe n the y believe d thei r 
sequenc e o f  operation s t o b e misleading .  Eac h tas k wa s 
aborte d whe n th e subjec t  di d no t  reac h th e targe t  stat e 
withi n 3 0 minutes . 
At  th e en d o f  th e experimen t  w e teste d th e subjects '  m e m-
or y load .  Firs t  th e subject s ha d t o memoriz e th e specifi c 
effect s o f  th e radiations .  The n the y go t  a  lis t  o f  th e pictora l 
code s o f  th e twelv e radiation s (se e figur e 2 )  an d ha d t o 
assig n th e picture s t o th e label s "Alpha "  t o "My" .  I n th e 
secon d par t  o f  th e m e m o r y tes t  th e subjects '  capabilit y  t o 
recogniz e th e operator s wa s evaluated . 

Results 

Effects of Verbalization on Problem-Solving Per-

fo rmanc e 

A differentiate d operationalizatio n o f  proble m solvin g per -
formanc e wa s develope d b y analyzin g th e solutio n times . 
W h en a  tas k wa s no t  solve d th e subjec t  go t  n o point s fo r  it . 
The m a x i m u m scor e o f  fiv e point s wa s achieved ,  whe n th e 
solutio n tim e wa s a m o n g th e shortes t  2 0 % o f  th e sampl e 
(solutio n tim e <  20t h percentile) .  Fou r  point s wer e achieve d 
when th e solutio n tim e wa s betwee n th e 20t h t o 40t h per -
centil e an d s o on .  I n thi s wa y a  m a x i m u m scor e o f  1 5 point s 
coul d b e achieve d i n th e thre e experimenta l  tasks .  Th e 
Kruskal-Walli s  analysi s show s significan t  difference s be -
twee n th e si x experimenta l  treatment s (x ^  =  14.10 ,  d f  =  5 ,  p 

< 0.05) .  Th e highes t  score s wer e achieve d i n th e treatmen t 
"self-reflection" ,  followe d b y "motori c interference "  an d 
control s (se e figur e 3) .  I n figur e 3  blac k line s i n th e boxe s 
mar k th e media n o f  th e group .  Withi n th e boxe s ther e ar e al l 
case s fro m th e 25t h t o th e 75t h percentile .  Th e "whiskers " 
sho w th e smalles t  resp .  th e highes t  value . 

Figur e 3 :  Box-plot s o f  th e numbe r  o f  point s achieve d i n 
th e experiment . 

The "thinking aloud"-subjects showed a worse performance 
tha t  th e group s mentioned .  Thi s support s th e hypothesi s tha t 
self-explicatio n an d self-evaluatio n ha s stronge r  positiv e 
effect s o n proble m solvin g tha n th e unspecifi c  instructio n t o 
thin k aloud .  Moreove r  th e bette r  result s o f  th e control s 
indicat e tha t  th e deman d o f  thinkin g alou d coul d eve n dis -
tur b subjects ,  s o tha t  th e result s ar e eve n wors e tha n withou t 
any treatment .  Wherea s th e "self-reflection "  treatmen t  obvi -
ousl y improve s proble m solvin g performance ,  unspecifi c 
thinkin g alou d doe s no t  guarante e a n improvement . 
Th e tw o group s whic h wer e disturbe d i n thei r  linguisti c 
behavio r  sho w th e wors t  performance .  Articulator y suppres -
sio n show s eve n stronge r  negativ e effect s o n proble m solv -
in g tha t  th e mer e instructio n no t  t o verbalize .  Th e variance s 
withi n th e "n o verbalization "  grou p i s significantl y highe r 
tha n withi n th e "articulator y suppression "  grou p ( F =  6.28 , 
p <  .05) .  Thi s resul t  indicate s tha t  th e subject s wer e mor e o r 
les s successfu l  i n suppressin g thei r  "inne r  dialogue "  o r  tha t 
the y followe d th e instructio n mor e o r  les s carefully .  Obvi -
ously ,  th e articulator y suppressio n treatmen t  allow s bette r 
control . 
Beside s th e solutio n times ,  anothe r  indicato r  fo r  proble m 
solvin g performanc e i s th e numbe r  o f  operato r  applications . 
S o me subject s fin d th e solutio n directly ,  other s g o a  lon g 
w ay roun d o r  restar t  th e tas k severa l  times ,  unti l  the y reac h 
th e targe t  state .  "Econom y o f  radiatio n use "  wa s on e crite -
riu m explicitl y  mentione d i n th e instruction .  Fo r  th e fol -
lowin g evaluatio n case s o f  subject s wer e exclude d w h e n 
the y gav e u p befor e th e m a x i m u m tim e fo r  th e tas k wa s 
exceeded .  Lookin g a t  th e numbe r  o f  radiation s used ,  th e si x 
group s diffe r  significantl y ( F =  3.4311 ,  d f  =  5 ,  p  <  0.05) . 
Comparin g singl e treatments ,  ther e ar e significan t  differ -
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ence s betwee n th e grou p "articulator y suppression "  an d th e 
group s "thinkin g aloud" ,  "self-reflection "  an d controls . 
W h en solvin g th e proble m unde r  "articulator y suppression" , 
subject s neede d mor e radiation s t o reac h th e goal .  I n con -
trast ,  subject s workin g unde r  th e treatment s "self -
reflection" ,  "thinkin g aloud" ,  an d th e control s mad e us e o f 
th e radiation s mor e carefull y an d economically . 

Effects of Verbalization on Memory Load 

Investigatin g th e influenc e o f  verbalizatio n o n memor y 
load ,  w e looke d a t  th e activ e reproductio n o f  element s o f 
th e proble m space .  A  reproductio n o f  th e effect s o f  th e 
twelv e radiation s require d th e followin g steps :  th e subject s 
had t o memoriz e h o w man y o f  th e si x characteristic s wer e 
affecte d b y th e operator .  Ther e wer e radiation s whic h 
change d onl y on e aspec t  o f  th e beetl e an d other s whic h 
require d a  specifi c  valu e o f  al l  th e si x characteristic s t o 
work .  Secondl y th e subject s ha d t o memoriz e whic h char -
acteristic s wer e affecte d an d whic h not .  Thirdl y the y wer e 
aske d t o differentiat e whic h characteristic s wer e require -
ment s an d whic h o f  the m wer e change d b y th e radiation . 
Finall y the y ha d t o remembe r  i n whic h wa y th e value s 
change d (fo r  exampl e a  chang e o f  colo r  fro m re d t o gree n 
or  vic e versa) .  Thes e aspect s wer e s u m m e d u p an d fo r  an y 
correc t  answe r  subject s gaine d on e point .  A  m a x i m u m o f 
16 0 point s coul d b e achieved . 
I n th e recognitio n test ,  subject s ha d t o assig n picture s o f  th e 
radiatio n effect s (se e figure  2 )  t o thei r  labe l  (Alpha ,  Beta , 
G a m m a,  ... ,  M y ) .  Fo r  eac h correc t  answe r  the y go t  twelv e 
points ,  s o tha t  the y coul d achiev e a  m a x i m u m o f  14 4 points . 
Th e subject s wer e give n th e opportunit y t o nam e severa l 
alternatives .  W h e n the y name d tw o ahemative s an d on e o f 
the m wa s right ,  the y go t  si x points ,  whe n the y name d thre e 
alternative s fou r  point s coul d b e achieve d an d s o on . 
Figur e 4  show s th e score s achieve d b y th e si x experimenta l 
group s i n th e m e m o r y tests .  Th e score s ar e counte d i n per -
centage s o f  th e m a x i m u m score .  I n genera l  al l  subject s 
showe d a  ba d performance .  The y achieve d a n averag e o f 
3 2 % o f  th e m a x i m u m scor e i n th e activ e reproductio n an d 
3 6 % o f  th e m a x i m u m i n th e recognitio n task . 

O ne explanatio n o f  th e ba d performanc e i s th e difficult y 
of  th e task .  A  m a x i m u m scor e i n th e activ e reproductio n 
require s rememberin g th e exac t  effect s o f  twelv e partl y 
comple x operators .  Bu t  i n solvin g th e problem ,  i t  i s  no t 
necessar y t o remembe r  th e effect s o f  th e operator s i n detail , 
becaus e th e picture s representin g th e effect s ca n b e acti -
vate d o n th e scree n a t  an y time.  Therefor e i t  i s  no t  necessar y 
fo r  th e subject s t o memoriz e th e operator s i n detail . 
As t o th e numbe r  o f  point s achieve d i n th e activ e reproduc -
tion ,  analysi s o f  variance s show s significan t  difference s 
betwee n th e group s ( F =  4.1076 ,  d f  =  5/54 ,  p  <  .05) .  I n th e 
recognitio n task ,  th e experimenta l  group s d o no t  differ . 
Singl e test s (Tukey-b )  sho w significan t  difference s betwee n 
th e controls ,  w h o achieve d th e highes t  scores ,  an d th e 
group s "n o verbalization" ,  "articulator y suppression "  an d 
"motori c interference" . 
Th e result s sho w tha t  experimenta l  treatment s handicappin g 
th e verbalizatio n o f  subject s lea d t o a  wors e m e m o r y per -
formance .  However ,  th e verba l  motori c tas k ("articulator y 
suppression" )  doe s no t  sho w stronge r  effect s tha n a  non -

verba l  motori c interference .  A s a  result ,  on e canno t  b e sur e 
whethe r  th e effect s o n memor y loa d ar e result s o f  a n unspe -
cifi c  impairmen t  o f  attentio n o r  o f  th e specifi c  verba l  im -
pairment . 

-. % 

ŝ ' 

Figur e 4 :  Averag e percentag e o f  m a x i m u m scor e i n th e 
m e m o ry tasks .  Th e ligh t  bar s represen t  th e activ e reproduc -

tion ,  th e dar k bar s th e recognitio n task . 

One interesting result is that the group "motoric interfer-
ence "  show s comparabl y ba d score s i n th e memor y tests , 
thoug h showin g a  goo d proble m solvin g performance .  I n 
contrast ,  th e grou p "articulator y suppression "  show s th e 
wors t  proble m solvin g performance ,  wherea s thei r  memor y 
load s d o no t  diffe r  significantl y fro m othe r  group s wit h th e 
exceptio n o f  controls . 
I n general ,  ther e i s n o correlatio n betwee n th e score s i n th e 
memory tes t  an d th e point s achieve d i n th e proble m (Ken -
dall-Tau- b =  .11 ,  n  =  60 ,  p  <  .05) .  A n interactio n o f  proble m 
solvin g performanc e an d memor y loa d ca n onl y b e ob -
serve d i n th e first  experimenta l  tas k (Kendall-Tau- b =  2 2 ,  n 
= 60 ,  p  <  .05) .  Subject s w h o ca n remembe r  th e operator' s 
effect s i n mor e detail ,  tak e advantag e a t  th e beginnin g o f  th e 
experiment ,  late r  o n thi s advantag e i s no t  decisiv e an y 
more .  However ,  a  negativ e correlatio n betwee n th e result s 
i n th e memor y tes t  an d th e numbe r  o f  fals e click s ca n b e 
observe d (Kendall-Tau- b =  -.1990 ,  n  =  50 ,  p  <  .05) .  Sub -
ject s w h o hav e wors e memor y performanc e als o mak e mor e 
mistake s i n handlin g th e mouse .  Thi s support s th e hypothe -
si s tha t  difference s i n m e m o r y load s ar e cause d b y a n im -
pairmen t  o f  attention . 

Case Studies 

The result s comparin g th e si x experimenta l  treatment s di d 
not  fulfi l  th e expectation s i n th e whole .  I t  coul d b e show n 
tha t  a  disturbanc e o f  th e "inne r  dialogue "  ha s negativ e ef -
fect s o n proble m solvin g performanc e an d tha t  "self -
reflection "  ca n improv e performance .  Mer e thinkin g alou d 
howeve r  doe s no t  lea d t o th e expecte d improvement .  Fur -
thermor e th e variance s withi n th e "thinkin g aloud"-grou p 
ar e high .  Th e performanc e withi n th e grou p i s heteroge -
nous :  som e subject s seeme d t o tak e advantag e o f  verbaliza -
tion ,  other s see m t o b e handicappe d b y thi s instruction .  Th e 
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spa n betwee n th e performanc e o f  th e "thinkin g alou d " -
subject s varie s betwee n 0  an d 1 2 o f  a  m a x i m u m o f  1 5 
points . 
Ther e see m t o b e certai n aspect s o f  verbalizatio n helpin g t o 
solv e problem s mor e efficiently .  Th e instructio n t o reca -
pitulat e one' s o w n action s regularly ,  t o criticiz e i t  an d t o 
giv e self-instruction s fo r  futur e strategies ,  lead s t o a  clea r 
improvemen t  o f  performance . 
I n th e followin g sectio n tw o come r  case s o f  thinkin g alou d 
subject s wil l  b e compare d regardin g t o thei r  verbalization . 
Th e comparin g metho d refer s t o th e metho d o f  "compara -
tiv e casuistics "  propose d b y Jiitteman n (1990) .  A n exac t 
analysi s o f  th e verba l  dat a ca n o n th e on e han d illustrat e 
h o w subject s diffe r  i n followin g th e instructio n o f  thinkin g 
aloud .  O n th e othe r  hand ,  a  comparativ e cas e stud y ca n 
show ,  whic h aspect s o f  verbalizatio n coul d improv e prob -
le m solving .  Fo r  th e compariso n th e verba l  dat a o f  th e firs t 
tas k wa s transcribe d an d evaluate d a s t o linguisti c catego -
ries. 
For  th e comer-cas e analysi s tw o subject s wer e elected ,  w h o 
wer e i n th e sam e group ,  bu t  showe d differen t  performance . 
One subjec t  wit h a  ver y goo d performanc e ("Logobene" ) 
wil l  b e compare d wit h th e wors t  subjec t  o f  th e "thinkin g 
aIoud"-grou p ("Logomale") .  Bot h subject s ar e femal e an d 
student s o f  psycholog y o f  th e universit y o f  Bamberg . 
Let  u s firs t  hav e a  loo k a t  th e score s achieve d b y th e tw o 
comer  cases :  Th e subjec t  "Logomale "  coul d no t  solv e th e 
task .  Afte r  sh e worke d o n th e proble m fo r  3 0 minutes "  th e 
tas k wa s give n up .  I n contrar y "Logobene "  solve d th e firs t 
tas k withi n 1 0 minute s an d go t  th e m a x i m u m scor e o f  5 
points .  Whil e "Logomale "  applie d 4 4 radiations ,  "Logo -
bene "  onl y neede d 1 0 t o reac h th e targe t  stat e o f  th e beetle . 
Questions ,  answer s an d self-instructions :  A s wit h th e n u m -
ber  o f  utterances ,  th e tw o subject s sho w clea r  differences . 
"Logobene "  show s 12 6 utterance s i n te n minutes ,  wherea s 
"Logomale "  make s no t  mor e tha n 7 1 utterance s whil e 
workin g 3 0 minute s o n th e solution .  Thei r  verba l  dat a wer e 
analyze d wit h respec t  t o th e thre e "classical "  linguisti c cate -
gorie s o f  questions ,  answers/statement s an d request s (i n thi s 
case :  self-request s resp .  self-instructions) .  Th e categor y 
sequence s m a k e th e difference s o f  th e verba l  dat a o f  th e tw o 
comer  case s obviou s (se e figure s 5  an d 6) . 

caltgor y 

f 

tim e (on e uni t  equal s 10 0 seconds ) 

"Logomale's "  whol e thinkin g alou d protoco l  show s onl y 
fou r  questions .  Moreover ,  ther e ar e onl y seve n self -
instructions .  T h e mai n par t  o f  "Logomale's "  verbalizatio n 
ar e statements ,  e.g .  "her e th e eye s ca n b e changed" ,  "her e 
th e colo r  wil l  no t  b e changed "  o r  "th e beetl e i s gree n n o w 
and ha s smal l  eyes" .  I n th e firs t  te n minute s o f  th e proble m 
solvin g procedure ,  "Logomale "  exclusivel y make s state -
ments .  Afterward s ther e ar e s o m e question s an d self -
instructions ,  w h e n "Logomale "  deliberate s whethe r  sh e 
shoul d star t  th e tas k onc e mor e o r  not .  unti l  th e end ,  h o w -
ever ,  statement s dominat e he r  thinkin g aloud . 
T h e sequenc e o f  "Logobene's "  verba l  dat a show s a  c o m -
pletel y differen t  patte m (se e figur e 6 ) .  Sh e formulate s hy -
pothesi s an d ask s hersel f  question s fro m th e beginning .  T h e 
question s ar e ofte n followe d b y answerin g statement s an d 
tha t  lead s t o self-instructions .  I n th e middl e o f  th e solutio n 
time ,  ther e i s a  vivi d chang e o f  thes e categorie s i n th e se -
quenc e described .  A  dominanc e o f  statement s ca n onl y b e 
foun d a t  th e end ,  w h e n th e solutio n i s almos t  foun d an d th e 
proble m turne d t o a  solvabl e task . 

tim e [on e uni t  equal s  10 0 seconds ] 

Figur e 5 :  "Logomale" :  Sequenc e o f  questions ,  statement s 
and self-instruction s i n th e thinkin g alou d protocol . 

Figur e 6 :  "Logobene's "  vivi d soliloquy :  Sequenc e o f  ques -
tions ,  followin g statement s an d self-instructions . 

In summary it can be shown that the thinking aloud of 
"Logomale "  i s n o inne r  dialogue ,  bu t  mor e a  commentatio n 
of  he r  activities .  I n contrary ,  "Logobene "  talk s vividl y t o 
herself .  Sh e ask s hersel f  question s an d give s answers .  Fre -
quentl y a  question-answer-sequenc e i s followe d b y a  self -
instructio n fo r  futur e behavior . 

Discussion 

Summarizin g th e findings ,  th e differen t  treatment s lea d t o 
strikin g effect s o n th e performanc e o f  th e "BioBeetle "  tasks . 
The tw o experimenta l  group s whic h wer e disturbe d i n thei r 
"inne r  dialogue "  achieve d th e wors t  performance .  Subject s 
w ho wer e encourage d t o self-reflectio n showe d th e bes t 
performance .  Th e othe r  groups ,  "motori c interference" , 
"thinkin g aloud "  an d control s sho w a n averag e perform -
ance .  Moreove r  i t  ca n b e show n tha t  ther e ar e stron g differ -
ence s i n m e m o r y load .  Th e control s sho w th e bes t  m e m o r y 
performance .  Th e grou p "motori c interference" ,  thoug h 
belongin g t o th e bes t  proble m solvin g group s achiev e sig -
nificantl y lowe r  score s i n th e reproductio n task ,  a s wel l  a s 
th e group s "n o verbalization "  an d "articulator y suppres -
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sion" .  Ther e i s n o correlatio n betwee n memor y loa d an d 
proble m solvin g performance ,  bu t  betwee n memor y loa d 
and deficit s i n concentration . 
Difference s i n proble m solvin g performanc e ca n therefor e 
not  b e explaine d b y differen t  memor y loads ,  no r  b y differ -
ent  degree s o f  distraction .  On e conclusio n o f  thi s stud y is , 
tha t  a  specifi c  instructio n t o describ e an d evaluat e th e o w n 
behavior ,  whic h include s mcta-cognitiv e processe s lead s t o 
an improvemen t  o f  proble m solving .  Thinkin g alou d i n 
itsel f  ca n no t  guarante e a n improvement .  Moreove r  ther e a 
some indication s tha t  a n excessiv e commentatio n o f  actio n 
eve n ha s negativ e effects .  Th e cas e studie s coul d illustrat e 
individua l  difference s i n th e patter n o f  verbalization ,  bot h 
invoke d b y th e sam e instructio n t o "thin k aloud" .  This  give s 
some clue s fo r  explainin g th e hig h variance s withi n th e 
grou p o f  "lou d thinkers" .  S o m e o f  the m vividl y tal k t o 
themselves ,  other s ar e bus y wit h describin g th e actua l  stat e 
and th e action s carrie d out .  Th e result s o f  th e cas e analysi s 
le d t o a  followin g stud y i n whic h th e pattern s foun d ("com -
mentation "  vs .  "questions ,  answer s an d self-instruction" )  ar e 
use d a s experimenta l  treatments .  Preliminar y result s o f  thi s 
experiment ,  i n whic h a  differen t  scenari o wa s used ,  sho w 
tha t  thi s effec t  i s  robus t  ove r  differen t  setting s (Bartl ,  i n 
preparation) . 
The stud y ha s a  secon d centra l  finding :  A  disturbanc e o f  th e 
"inne r  dialogue "  lead s t o negativ e effect s o n proble m solv -
in g performance .  Bot h experimenta l  group s tha t  wer e dis -
turbe d i n thei r  linguisti c behavio r  showe d a  comparabl y ba d 
performance .  "Articulator y suppression "  ha s stronge r  ef -
fect s tha n th e instructio n "no t  t o verbalize" .  Th e hig h vari -
ance s i n th e latte r  treatmen t  indicat e tha t  th e subject s fol -
lowe d thi s instructio n mor e o r  les s carefully .  This  experi -
menta l  treatmen t  produce s th e sam e problem s a s th e 
"thinkin g aloud "  instruction :  th e subject s diffe r  i n th e wa y 
of  followin g them ,  whic h lead s t o heterogeneou s group s 
wit h hig h variances .  I n summar y th e result s indicat e a  clos e 
relationshi p betwee n languag e an d thinking ,  whereb y a 
soliloquy ,  includin g meta-cognitiv e processes ,  seem s t o 
improv e proble m solvin g capacities . 
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