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SIMULATION O F TAS K PERFORMANCE A S GUID E T O TH E IDENTIFICATIO N 
OF SOLUTIO N STRATEGY FROM EYE-MOVEMENT RECORDINGS 

Gerhar d Deffne r 

Department of Psychology, University of Hamburg 

Von-Melle-Park 5, 2000 Hamburg 20, West Germany 

phone: 0049 40 4123 5471 

Summary 

An approach is presented which was developed for the goal of 
comparin g subject s wit h respec t  t o thei r  us e o f  solutio n 
strategies .  The y wer e give n a  serie s o f  eigh t  task s o f  a  typ e 
whic h ca n wel l  b e solve d b y tw o distinctl y differen t  methods : 
n-ter m serie s task s i n th e for m o f  statement s abou t  spatia l 
relations .  On e o f  thes e method s relie s o n menta l  imager y 
(Metho d o f  Serie s Formation )  whil e th e othe r  i s mor e o f  a n 
abstract ,  analytica l  metho d (Elimination) .  Fo r  th e purpose s 
of  comparison ,  eye-movement s wer e recorde d durin g tas k 
performance .  Th e sequenc e o f  gaze s recorde d durin g eac h 
individua l  solutio n attemp t  wa s subsequentl y matche d t o 
pattern s derive d fro m informatio n processin g model s o f  tas k 
performanc e whic h simulat e th e differen t  strategies .  Th e per -
centag e o f  successfu l  matche s t o on e o r  th e othe r  patter n wa s 
use d i n furthe r  analyse s comparin g th e tw o group s o f  sub -
ject s . 

Keywords :  cognitiv e simulation ,  eye-movemen t  data ,  strateg y 
identificatio n 
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Ident i f icat io n o f  Strategie s 

1. Introduction 

The methodology described here was developed for an experi-
ment  whic h continue d a  serie s o f  studie s (Deffner ,  1984 )  i n 
whic h silen t  contro l  subject s wer e compare d t o subject s wh o 
wer e require d t o thin k alou d durin g thei r  attemp t  t o solv e 
experimenta l  tasks .  I n th e ne w experiment ,  th e mai n variabl e 
of  interes t  wa s strateg y use ,  especiall y shift s i n th e 
selectio n o f  strategie s ove r  t ime . 

2. Material 

The experimental tasks were derived from Ohlsson's (1980) 
col lectio n o f  tasks .  The y consis t  o f  n-ter m serie s task s 
wher e proposit ion s refe r  t o th e relativ e posit ion s o f  person s 
sitt in g o n a  bench ,  thu s th e 'terms '  i n thes e task s ar e 
names,  an d th e proposit ion s us e spatia l  relat ions .  I n 
contras t  t o Ohlsson ,  wh o fo r  th e purpose s o f  studyin g th e 
solutio n o f  mor e comple x task s use d a  large r  numbe r  o f 
relationa l  term s (immediatel y t o th e left/r igh t  of ,  left -
/r ightmost ,  left-/r ightmos t  bu t  one ,  left /  r ight ,  between ) 
onl y on e typ e o f  relat io n wa s use d i n th e presen t  context .  A n 
exampl e i s give n i n Figur e 1 ,  wher e lin e number s ar e include d 
t o ai d i n th e understandin g o f  subsequen t  examples . 

SEVERAL BOYS ARE SITTING ON A BENCH: (line 0) 

KEITH IS LEFT OF CHUCK (line 1) 
CHUCK I S LEF T O F ROY (lin e 2 ) 
MARK I S RIGH T O F ROY (lin e 3 ) 
MARK I S LEF T O F PHI L (lin e 4 ) 

Figure 1: n-term series task 

In each task, subjects are required to answer a specific 
questio n wit h respec t  t o th e th e posit io n o f  on e particula r 
person ,  fo r  example : 

"Who is immediately to the right of Mark?" 

Eight experimental tasks were used (four 4-term and four 5-
ter m serie s tasks ) .  Eye-movement s wer e recorde d usin g a n 
Applie d Science s 199 6 system. ^  Thi s equipmen t  measure s x -
an d y-coordinate s fo r  gaz e directio n a t  a  samplin g rat e o f  6 0 

1 I  wan t  t o than k Richar d Ohlsso n fro m th e Universit y o f 
Colorad o fo r  th e privi leg e t o us e hi s laborator y an d fo r  hi s 
generou s help . 
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h z ,  an d r e c o r d i n g s ar e mad e o n th e leve l  o f  f i x a t i o n s (K l ieg l 
& O h l s s o n ,  1 9 8 1 ) .  T h i s mean s tha t  s u c c e s s i v e samp le s a r e 
aggregate d a s lon g a s the y l i e o n th e sam e c h a r a c t e r  p o s i t i o n 
of  th e d i sp l a y (K l ieg l ,  1 9 8 1 ) .  T h i s a g g r e g a t i o n i s v e r y f i n e 
an d i t  r esu l t s i n a  r eso lu t i o n o f  d i s t i n c t  f i x a t i o n p o i n t s 
w i th i n i nd i v i dua l  w o r d s .  Fo r  th e p r e s e n t  a n a l y s i s ,  a  m o r e 
na tu ra l  u n i t  o f  a n a l y s i s i s th e 'gaze '  r a t h e r  t h a n ' f i xa -
t ion '  .  G a z e s i n c o r p o r a t e a l l  f i x a t i o n s o n th e sam e w o r d .  T h i s 
reso lu t i o n w a s c h o s e n b e c a u s e i n th e p r e s e n t  c o n t e x t  w e a r e 
no t  conce rne d w i t h a n a n a l y s i s o f  th e r e a d i n g p r o c e s s d u r i n g 
tas k p e r f o r m a n c e b u t  w a n t  t o u s e u n i t s w h i c h a r e r e l e v a n t 
en t i t i e s i n i n f o r m a t i o n p r o c e s s i n g m o d e l s o f  tasl c p e r f o r m a n c e 
(fo r  a  d i s c u s s i o n o f  t h i s p r i n c i p l e ,  s e e :  J u s t  &  C a r p e n t e r , 
1 9 7 6 ) .  Fo r  t h i s r e a s o n ,  o n l y t h re e g a z e p o s i t i o n s w e r e 
iden t i f i e d p e r  l i n e : 

1) the term (name) on the left, 
2 )  th e r e l a t i o n a l  i n f o r m a t i o n i n th e m i d d l e 

("i s t o th e l e f t / r i g h t  o f " ) , 
3 )  th e te r m (name )  o n th e r i g h t . 

Figure 2 shows the beginning of a recorded sequence of gazes 
wher e th e f i r s t  n u m b e r  i n eac h p a r e n t h e s i s s t a n d s f o r  g a z e 
pos i t i o n r e l a t i v e t o th e l ayou t  o f  th e tas k (th e f i r s t  d i g i t 
refer s t o l i n e n u m b e r  an d th e secon d d i g i t  s t a n d s f o r  f i r s t , 
secon d o r  th i r d p o s i t i o n i n a  p r o p o s i t i o n ) ;  th e secon d n u m b e r 
stand s fo r  th e d u r a t i o n o f  th e gaz e o n tha t  l o c a t i o n . 

(0 3 38 ) (0 2 7 ) ( 0 1 13 ) (0 3 25 ) (1 1 5 ) (1 3 15 ) (1 2 7 ) ( 1 1 7 ) 
(1 3 70 )  (2 1 8 )  (1 3 36 )  (1 2 7 )  (1 1 12 )  (1 3 51 )  (1 2 13 )  (1 1 6 ) 
(1 3 61 )  (2 2 14 )  (2 1 17 )  (2 3 15 )  (2 1 13 )  (2 3 11 )  (2 2 7 )  (2 1 9 ) 
(2 3 7 )  (2 2 6 )  (2 1 10 )  (1 3 12 )  (2 2 8 )  (2 1 8 )  .. . 

Figure 2: Sequence of gazes recorded during performance 
o f  a n n - te r m se r i e s tas k 

Dat a o f  th i s k in d w e r e r eco rde d fo r  1 8 t h i nk -a lou d s u b j e c t s 
an d 1 8 s i l en t  c o n t r o l s . 

3.  Tas k ana l ys i s 

There has been much research on how subjects solve n-term 
serie s p rob lem s (se e S te rnbe rg ,  198 0 fo r  a n o v e r v i e w ) .  T h i s 
resul te d i n a  la rg e va r i e t y o f  m o d e l s fo r  th e s o l u t i o n 
p rocess .  T h e s e o n th e on e ex t rem e ar e base d upo n th e ide a o f 
subject s b u i l d i n g a  men ta l  imag e o f  th e sequen t i a l  a r r a n g e -
ment s o f  te rm s i n th e p r o p o s i t i o n s p r e s e n t e d t o them .  W h 6 n 
the y answe r  th e f ina l  q u e s t i o n the y " rea d o f f "  f ro m the i r 
menta l  imag e (DeSoto ,  Londo n &  H a n d e l ,  1 9 6 5 ;  H u t t e n l o c h e r , 
1 9 6 8 ) .  O n th e o the r  ex t rem e i s tha t  p o s i t i o n wh i c h c l a i m s 
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tha t  subject s extrac t  informatio n fo r  eac h ter m separatel y 
an d the n answe r  th e fina l  questio n o n th e basi s o f  integra -
tin g al l  individua l  piece s o f  informatio n (Clark ,  1969 ) .  Mor e 
recently ,  i t  ha s bee n argue d tha t  w e shoul d no t  tr y t o 
determin e whic h o f  thes e model s i s th e righ t  one ,  bu t  rathe r 
pa y attentio n t o th e tim e cours e o f  strateg y choic e durin g 
repeate d trial s (Johnson-Laird ,  1972 ) .  Wood ,  Shotte r  &  Godde n 
(1974 )  hav e show n tha t  subject s ten d t o begi n wit h a n imager y 
strateg y an d durin g succesiv e trial s chang e ove r  t o a n 
analytica l  strategy . 

Most research concentrated upon tasks using the left/right 
dimension ,  askin g subject s question s wit h respec t  t o th e 
extrem e end s o f  th e series .  Thi s leave s roo m fo r  quit e a 
number  o f  strategies .  B y choosin g Ohlsson' s wa y o f  concludin g 
th e experimenta l  task s (askin g fo r  a  specifi c  positio n withi n 
th e se r ies ) ,  th e fiel d ca n b e narrowe d dow n t o tw o strate -
g ies .  Thes e i n on e cas e g o bac k t o th e origina l  (DeSoto , 
Londo n &  Handel ,  1965 ;  Huttenlocher ,  1968 )  imager y model : 
Serie s Formation ,  an d i n th e othe r  ar e a  combinatio n o f 
Quinto n an d Fel lows '  (1975 )  an d Clark' s (1969 )  model : 
El imination .  Bot h strategie s a t  thei r  to p leve l  ca n easil y b e 
describe d a s LIS P programs . 

First, this is the definition of the Series Formation 
strategy : 

(DEFUN S F (PROP-LIS T QUESTION) 

(READ-OFF (SERIATE PROP-LIST) (CADR^QUESTION) (CAR QUESTION))) 

wher e PROP-LIS T contain s th e proposit ion s o f  a  tas k (term s 
symbolize d b y "T l " ,  "T2 "  ... ;  relation s b y "R "  o r  " L " ) ,  an d 
QUESTION i s a  lis t  continin g a  relatio n an d a  term .  READ-OFF 
build s a  serie s usin g SERIAT E an d return s tha t  elemen t  o f  th e 
serie s whic h i s connecte d t o th e targe t  (CAD R QUESTION) 
throug h th e targe t  relatio n (CA R QUESTION) .  SERIAT E i s 
define d as : 

(DEFUN SERIAT E (PROP-LIST ) 

(DO ((SERIES (PREFERRED-DIRECTION (CAR PROP-LIST))) 
(P-LIS T (CD R PROP-LIST)) ) 

((NUL L P-LIST )  SERIES ) 
(SETQ SERIE S (INTEGRAT E SERIE S (PREFERRED-DIRECTION (CA R P-LIST))) ) 
(SETQ P-LIS T (CD R P-LIST))) ) 
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wher e P R E F E R R E D - D I R E C T I ON re tu rn s th e tw o t e r m s o f  a  p r o p o -
s i t io n i n th e (p re fe r red )  l e f t - t o - r i gh t  o r d e r  an d I N T E G R A T E 
re turn s a  ne w s e r i e s f ro m a n o l d on e c o m b i n e d w i t h a  n e w p a i r 
of  te rm s i n l e f t - t o - r i g h t  o r d e r . 

Next is the definition for the Elimination strategy: 

(DEFUN E L (PROP-LIS T QUESTION) 

(DO ((ANSWER NIL) 
(ANSWER-TEMP NIL ) 
(TARGET-RELATION (CA R QUESTION) ) 
(TARGET (CAD R QUESTION)) ) 

((NUL L PROP-LIST )  ANSWER) 
(COND ((MEMBE R TARGET (CA R PROP-LIST) ) 

(SETQ ANSWER-TEMP (GET-ANSWER TARGET (CA R PROP-LIST ) 
TARGET-RELATION)) 

(SETQ ANSWER (CON D ((NUL L ANSWER-TEMP)  ANSWER) 
( T ANSWER-TEMP)))) ) 

(SETQ PROP-LIS T (CD R PROP-LIST))) ) 

(DEFUN GET-ANSWER (TARGET PROP RELATION ) 

(COND ((NULL PROP) NIL) 
((EQUAL (CAD R PROP)  RELATION ) 

(COND ((EQUA L (CADDR PROP)  TARGET)(RETURN (CA R PROP)) ) 
( T NIL)) ) 

( T (COND ((EQUA L (CADDR (CONVERT PROP) )  TARGET)(CADDR PROP) ) 
( T NIL)))) ) 

(DEFUN CONVERT (PROP ) 
(LIS T (CADDR PROP) 

(COND ((EQUA L (CAD R PROP)  'R )  ' D 
( T 'R) ) 

(CAR PROP)) ) 

Thes e tw o s t r a teg ie s hav e t o b e ex tende d s o tha t  the y ca n 
cop e w i t h a n i nc reas e i n tas k d i f f i c u l t y :  p r o p o s i t i o n s nee d 
no t  b e p resen te d i n th e o rde r  o f  sequen t i a l  o v e r l a p o f  t he i r 
terms .  A s a n e x a m p l e ,  th e tas k i n F igu r e 1  ca n b e p r e s e n t e d 
as show n i n F igu r e 3 : 
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S E V E R AL B O Y S A R E S I T T I N G O N A  B E N C H: 

KEITH IS LEFT OF CHUCK 
M A RK I S L E F T O F P H I L 
C H U CK I S L E F T O F R O Y 
M A RK I S R I G H T O F R O Y 

Figure 3: n-term series task without sequential overlap of 
t e r m s 

In order to process such tasks, an additonal function is 
r e q u i r e d fo r  S e r i e s F o r m a t i o n w h i c h c h e c k s w h e t h e r  p r o p o -
s i t i o n s o v e r l a p ( f unc t i on :  O V E R L A P ? ) .  U s i n g th i s f unc t i on , 
t h e r e a r e tw o a l t e r n a t i v e s fo r  e x t e n d i n g th e d e f i n i t i o n o f 
S E R I A T E:  1 )  S E R I A T E - D I S C A R D :  i f  a  secon d p r e m i s e doe s no t 
o v e r l a p ,  t he n th e o l d s e r i e s i s d i s c a r d e d an d a  ne w ser ie s i s 
b u i l t ;  th e o l d p r o p o s i t i o n w i l l  h a v e t o p r o c e s s e d aga i n 
l a t e r ,  2 )  S E R I A T E - 2 N D - S E R I E S :  i f  t h e r e i s n o o v e r l a p ,  a 

s e c o n d s e r i e s i s b u i l t  w h i c h h a s t o i n t e g r a t e d in t o th e f irs t 
o n e a f t e r  a l l  p r o p o s i t i o n s h a v e b e e n p r o c e s s e d . 

(DEFUN SERIATE-DISCAR D (PROP-LIST ) 
(DO ((SERIE S (PREFERRED-DIRECTION (CA R PROP-LIST)) ) 

(P-LIS T (CD R PROP-LIST)) ) 
({NUL L P-LIST )  SERIES ) 
(COND ((OVERLAP ? SERIE S (CA R P-LIST) ) 

(SETQ SERIE S (INTEGRAT E SERIE S 
(PREFERRED-DIRECTION (CA R P-LIST))) ) 

(SETQ P-LIS T (CD R P-LIST)) ) 
( T (SET Q SERIE S (PREFERRED-DIRECTION (CA R P-LIST)) ) 

(SETQ P-LIS T 
(APPEND (CD R P-LIST)(LIS T (CA R PROP-LIST))))))) ) 

(DEFUN SERIATE-2ND-SERIE S (PROP-LIST ) 

(DO ((SERIESl (PREFERRED-DIRECTION (CAR PROP-LIST))) 
(P-LIS T (CD R PROP-LIST) ) 
(SERIES2)(PAIR) ) 

((NUL L P-LIST)(CON D (SERIES 2 (INTEGRAT E SERIES l  SERIES2) ) 
( T SERIESl)) ) 

(SETQ PAI R (PREFERRED-DIRECTION (CA R P-LIST)) ) 
(COND ((OVERLAP ? PAI R SERIESl ) 

(SETQ SERIES l  (INTEGRAT E SERIES l  PAIR)) ) 
( T (SET Q SERIES 2 (INTEGRAT E SERIES 2 PAIR))) ) 

(SETQ P-LIS T (CD R P-LIST))) ) 
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For  Elimination ,  th e situatio n i s mor e simple ,  becaus e 
checkin g fo r  th e occurrenc e o f  targe t  term s i s alread y par t 
of  th e strategy ,  an d overla p therefor e doe s no t  hav e an y 
importance . 

Before these models can be used any further, they have to be 
judge d wit h respec t  t o thei r  plausibil i ty .  On e importan t 
qestio n is ,  whethe r  the y us e storag e mechanism s tha t  ar e 
compatibl e wit h ou r  knowledg e o f  huma n memory .  I n th e cas e o f 
Serie s Formation ,  a n analo g representatio n i s postulate d 
whic h hold s u p t o fiv e item s i n sequentia l  orde r  tha t  ca n b e 
rehearse d an d recalle d ove r  a  shor t  perio d o f  t ime .  I n th e 
cas e o f  Elimination ,  thre e item s hav e t o b e kep t  availabl e 
fo r  immediat e access :  TARGET,  TARGET-  RELATION ,  an d ANSWER; 
durin g intermediat e steps ,  on e additiona l  temporar y variabl e 
i s required :  ANSWER-TEMP.  N o matte r  wha t  limitation s an d 
mechanism s o f  shor t  ter m memor y w e assume :  bot h thes e 
assumption s ar e extremel y plausible . 

Another question is related to the complexity of the opera-
tion s use d i n th e models .  Thi s i s no t  critica l  i n th e presen t 
case :  th e mos t  difficul t  operation s ar e thos e concernin g th e 
conversio n o f  relationa l  information ,  i.e .  fro m "T l  i s  lef t 
of  T2 "  t o "T 2 i s righ t  o f  T l " ,  an d w e d o conside r  human s 
capabl e o f  this . 

4.  Strateg y identificatio n 

In contrast to earlier approaches (Deffner, 1985) where 
verba l  description s o f  informatio n processin g model s o f  tas k 
performanc e serve d a s a  basi s fo r  strateg y identif ication , 
th e program s Serie s Formatio n an d Eliminatio n ca n b e use d i n 
th e presen t  case .  Inpu t  an d outpu t  t o an d fro m operator s i n 
thes e model s ca n b e see n i n analog y t o attentiona l  proccesse s 
durin g tas k performance .  Bu t  no t  al l  attentiona l  processe s 
ar e observable ,  sinc e referenc e t o internall y represente d 
informatio n nee d no t  b e relate d t o observabl e behaviour . 
Acces s t o item s i n th e externa l  displa y nevertheles s i s 
accompanie d b y over t  behaviour :  gaze s o n thes e item s ca n b e 
understoo d t o b e indicator s o f  suc h attentiona l  processes , 
and th e overal l  gaz e sequenc e i s a  sequenc e o f  item s attende d 
to . 

One note of caution is necessary, though. Gaze direction is 
not  a  definit e indicato r  o f  subject s attendin g t o th e ite m 
looke d at .  A t  leas t  o n th e leve l  o f  f ixations ,  perceptua l 
processe s determin e som e eye-movement s (c.f .  Grone r  1978) , 
and als o ther e i s th e possibilit y  o f  'empt y stares '  wher e a 
gaz e i s no t  a t  al l  directe d a t  th e ite m o n th e display .  Fo r 
th e presen t  purposes ,  gaz e directio n nevertheles s remain s th e 
riches t  sourc e o f  dat a o n attentiona l  processe s a s the y ar e 
relate d t o visuall y displaye d tasks . 
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The basi c rat ional e o f  th e presen t  strateg y identif icatio n i s 
tha t  o f  matchin g observe d gaz e sequence s agains t  sequence s 
predicte d b y model s whic h stan d fo r  dif feren t  strategies .  Fo r 
eac h model ,  a  progra m trac e ca n provid e thi s predict ion .  Th e 
degre e t o whic h a n observe d sequenc e o f  gaze s resemble s 
trace s fro m thes e model s wil l  b e use d a s a  basi s fo r  quanti -
tativ e evaluat ion . 

4.1 .  Derivat io n o f  idea l  sequence s 

In order to establish these ideal sequences, both simulation 
program s wer e ru n o n al l  experimenta l  task s an d traced .  Task s 
3,4,7 ,  an d 8  wer e o f  th e non-sequential-overla p type ,  o f 
whic h SERIATE-DISCAR D coul d solv e task s 3  an d 4  an d onl y 
SERIATE-2ND-SERIE S coul d solv e th e las t  tw o tasks .  Thes e mor e 
comple x version s o f  SERIAT E wer e use d fo r  th e tas k whic h 
require d them .  Onl y thos e function s wer e traced ,  whic h ca n 
withou t  doub t  b e considere d informatio n processin g stage s 
involvin g visua l  input .  Thi s rule s ou t  processe s whic h hav e 
t o b e considere d perceptual ,  an d als o i t  rule s ou t  an y 
processe s involvin g symboli c processin g withou t  immediat e o r 
clea r  referenc e t o th e displaye d tas k {c.f .  storage/rehearsa l 
mechan isms) . 

For the SF-program, functions PREFERRED-DIRECTION, OVERLAP?, 
INTEGRATE,  an d READ-OFF wer e traced .  Figur e 4  show s a  trac e 
fo r  th e experimenta l  tas k fro m figur e 3  wher e term s ar e 
symbolize d b y "Tl "  throug h "T5 "  an d th e relation s lef t  an d 
righ t  b y "L "  an d "R "  respectively . 

In the case of EL, only GET-ANSWER and CONVERT were traced. 
MEMBER als o i s a n importan t  functio n i n th e program ,  bu t  i t 
was considere d to o clos e t o fas t  perceptua l  processe s t o b e 
relevan t  i n th e presen t  contex t  o f  slowe r  informatio n 
processin g stages .  Figur e 5  present s a  trac e o f  E L o n tas k 7 . 

I n a  nex t  step ,  element s i n th e trac e wer e matche d t o gaz e 
posit ion s an d segmente d int o stages .  Gaz e position s withi n 
eac h stag e wer e treate d a s havin g equa l  probabil it y  o f  bein g 
looke d at ,  an d wer e consequentl y joine d int o set s o f  possibl e 
gaz e location s fo r  a  give n stage .  Th e sequence s o f  set s mad e 
up idea l  pattern s o f  item s attende d t o unde r  th e on e o r  th e 
othe r  strategy .  Figur e 6  present s a n exampl e fo r  tas k 7 : 
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*  (S F TASK7 •( R T4) ) 
Entering :  PREFERRED-DIRECTION,  Argumen t  list :  {(T l  L  T2) ) 

Exiting :  PREFERRED-DIRECTION,  Value :  (T l  T2 ) 
Entering :  PREFERRED-DIRECTION,  Argumen t  list :  ({T 4 L  T5) ) 
Exiting :  PREFERRED-DIRECTION,  Value :  (T 4 T5 ) 
Entering :  OVERLAP?,  Argumen t  list :  ((T 4 T5 )  (T l  T2) ) 
Exiting :  OVERLAP?,  Value :  NI L 
Entering :  INTEGRATE,  Argumen t  list :  (NI L (T 4 T5) ) 
Exiting :  INTEGRATE,  Value :  (T 4 T5 ) 
Entering :  PREFERRED-DIRECTION,  Argumen t  list :  ((T 2 L  T3) ) 
Exiting :  PREFERRED-DIRECTION,  Value :  (T 2 T3 ) 
Entering :  OVERLAP?,  Argumen t  list :  ((T 2 T3 )  (T l  T2) ) 
Exiting :  OVERLAP?,  Value :  T 
Entering :  INTEGRATE,  Argumen t  list :  ((T l  T2 )  (T 2 T3) ) 
Exiting :  INTEGRATE,  Value :  (T l  T 2 T3 ) 
Entering :  PREFERRED-DIRECTION,  Argumen t  list :  ((T 4 R  T3) ) 
Exiting :  PREFERRED-DIRECTION,  Value :  (T 3 T4 ) 
Entering :  OVERLAP?,  Argumen t  list :  ((T 3 T4 )  (T l  T 2 T3) ) 
Exiting :  OVERLAP?,  Value :  T 
Entering :  INTEGRATE,  Argumen t  list :  ((T l  T 2 T3 )  (T 3 T4) ) 
Exiting :  INTEGRATE,  Value :  (T l  T 2 T 3 T4 ) 
Entering :  INTEGRATE,  Argumen t  list :  ((T l  T 2 T 3 T4 )  (T 4 T5) ) 
Exiting :  INTEGRATE,  Value :  (T l  T 2 T 3 T 4 T5 ) 
Entering :  READ-OFF,  Argumen t  list :  ((T l  T 2 T 3 T 4 T5 )  T 4 R ) 
Exiting :  READ-OFF,  Value :  T 5 

T5 

Figure 4: Trace of SF on task 7 

*  (E L TASK7 •( R T4) ) 
Entering :  GET-ANSWER,  Argumen t  list :  (T 4 {T 4 L  T5 )  R ) 

Entering :  CONVERT,  Argumen t  list :  ((T 4 L  T5) ) 
Exiting :  CONVERT,  Value :  (T 5 R  T4 ) 

Exiting :  GET-ANSWER,  Value :  T 5 
Entering :  GET-ANSWER,  Argumen t  list :  (T 4 (T 4 R  T3 )  R ) 
Exiting :  GET-ANSWER,  Value :  NI L 

T5 

Figure 5: Trace of EL on task 7 
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SF:  ((1 1 1 2 13)(2 1 2 2 23)(3 1 3 2 33)(4 1 4 2 43)(5 2 5 3 23) ) 
EL:  ((5 2 53)(2 1 2 2 5 2 5 3 23)(4 2 4 3 5 2 5 3 23) ) 

Figure 6: ideal patterns for SF and EL on task 7 

Ther e wa s on e mor e complicat ion ,  however :  wit h th e Elimina -
tio n method ,  ther e i s n o nee d t o us e onl y on e se t  orde r  i n 
whic h th e proposit ion s ar e processed .  Thoug h i t  doe s no t  see m 
reasonabl e t o assum e tha t  th e orde r  i s random ,  i t  mus t  b e 
concede d tha t  ther e ar e tw o plausibl e orders .  I n one , 
subject s wor k thei r  wa y dow n th e lis t  o f  thre e o r  fou r 
proposit ion s fro m th e to p t o bottom ,  wherea s i n th e othe r 
case ,  the y star t  fro m th e botto m lin e an d wor k upwards .  Fo r 
thi s reason ,  ther e hav e t o b e tw o idea l  sequence s to r  EL , 
thu s a  thir d patter n ha s t o b e adde d t o Figur e 6 :  EL-2 :  ((5 2 
53)(4 2 4 3 5 2 53)(2 1 2 2 5 2 5 3 2 3 ) ) . 

4.2 .  Matchin g gaz e sequence s t o progra m trace s 

Matching was straightforward: Starting with the first list in 
th e pattern ,  it s  element s wer e checke d agains t  successiv e 
element s o f  th e observe d gaz e sequence .  A  matc h starte d wit h 
th e firs t  elemen t  fro m tha t  lis t  an d wa s continue d unti l  mor e 
tha n on e successiv e elemen t  i n th e gaz e sequenc e wa s extrane -
ou s t o th e lis t  fro m th e pattern ,  o r  th e duratio n o f  a n 
individua l  extraneou s gaz e wa s longe r  tha n th e averag e gaz e 
duratio n i n th e tota l  gaz e sequence .  Whe n a  matc h wa s 
discontinued ,  th e nex t  lis t  fro m th e patter n wa s used ;  i f  th e 
patter n wa s exhausted ,  matchin g starte d fro m th e beginnin g o f 
th e pattern .  Becaus e o f  thi s stric t  sequentia l  orde r  i n whic h 
list s fro m th e patter n wer e matched ,  onl y suc h backu p i n tas k 
performanc e coul d b e identifie d whic h woul d star t  fro m th e 
ver y beginning .  Al l  attempt s t o allo w fo r  partia l  backu p 
resulte d i n substantia l  los s o f  clearnes s o f  strateg y 
identi f icat ion ,  an d wer e no t  include d i n th e fina l  versio n o f 
th e algorithm . 

This algorithm was used three times for each gaze sequence: 
onc e fo r  th e Serie s Formatio n strateg y an d twic e fo r  th e 
Eliminatio n strateg y (usin g th e forwar d an d th e backwar d 
pa t te rn ) .  Th e numerica l  informatio n use d fo r  furthe r  dat a 
analyse s consiste d o f  th e percentag e o f  tota l  gaz e sequenc e 
whic h coul d b e matche d t o eac h pattern .  Fo r  Elimination ,  onl y 
th e highe r  o f  th e tw o percentage s wa s used ,  s o tha t  differen -
ce s betwee n backwar d o r  forwar d tas k performanc e coul d b e 
ignore d i n th e overal l  compariso n o f  Eliminatio n t o Serie s 
Formation .  Anothe r  extensio n wa s tha t  thes e analyse s wer e 
performe d fo r  bot h gaz e duratio n an d gaz e frequenc y a s a 
basi s o f  percentages .  Th e reaso n fo r  usin g bot h thes e 
measure s wa s tha t  n o plausibl e argumen t  coul d b e foun d t o 
favo r  eithe r  on e o r  th e othe r  o n theoretica l  grounds .  Tabl e 1 
present s a n exampl e o f  th e result in g output . 
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T a b l e 1 :  Samp l e ou tpu t  o f  p e r c e n t  m a t c h e s 

Sub j . 

S-E L 
1 0 
1 1 
1 3 
1 4 
1 5 
1 7 
1 8 

%SF/du r 

0.0 0 
86 .8 9 

0.0 0 
95 .4 5 
38 .0 3 
29 .4 1 
60 .8 7 
46 .5 1 

%EL/du r 

59.3 8 
25 .4 0 
68 .7 5 
40 .9 1 

8.2 2 
17 .0 7 
10 .2 0 
10 .2 0 

%SF/ f re q 

0.0 0 
86 .1 7 

0-0 0 
99 .0 8 
44 .1 8 
28 .6 4 
59 .6 8 
36 .6 3 

%EL/f  r e 4 

4 6 . 5 0 
14 .1 7 
38 .0 2 
48 .3 1 

9-3 5 
14 .0 7 

9.6 4 
5.5 5 

As ca n b e see n f ro m T a b l e 1 ,  us in g d u r a t i o n o r  f r e q u e n c y a s a 
basi s o f  p e r c e n t a g e s d i d no t  resu l t  i n g r e a t  d i f f e r e n c e s ,  th e 
tw o measu re s ar e h igh l y co r re l a ted .  A l s o ,  th e p e r c e n t a g e s fo r 
EL tende d t o b e s m a l l e r .  T h i s a rgue s fo r  les s a p p r o p r i a t e n e s s 
of  th e pa t t e rn s and/o r  p a t t e r n m a t c h i n g use d fo r  E L .  T h e s e 

f igure s n e v e r t h e l e s s cou l d b e use d w e l l ,  th e on l y c o n s e q u e n c e 
was tha t  the y shou l d no t  b e t rea te d a s v a r i a b l e s o n th e sam e 
d imens ions . 

Two methods were used to extract information from the four 
var iab le s pe r  p e r s o n an d t ask :  p r i n c i p a l  c o m p o n e n t s a n a l y s i s 
an d c lus te r  a n a l y s i s .  Th e fo rme r  resu l t e d i n ve r y c lea r 
facto r  s t r uc tu re s w i t h on e fac to r  e x p l a i n i n g a  la rg e p r o p o r -
t io n o f  th e v a r i a n c e .  I t  w a s i den t i f i e d a s a  b i p o l a r  S F -  E L 
facto r  an d sco re s o n th i s fac to r  w e r e use d fo r  ana l yse s 
invo lv in g con t i nous l y sca le d n u m e r c i a l  i n f o r m a t i o n . 

Cluster analysis was used as a basis of a binary categoriza-
t io n o f  i nd i v i dua l  tas k p e r f o r m a n c e s w i t h r e s p e c t  t o t he i r 
p redominan t  s t r a tegy .  U s i n g th e k -mean s m e t h o d ,  i t  wa s 
poss ib l e t o ob ta i n c lea r  two -c l us te r  s o l u t i o n s fo r  a l l  e i gh t 
tasks .  I n a l l  e igh t  c a s e s ,  thes e cou l d eas i l y b e i d e n t i f i e d 
as a n E l i m i n a t i o n c lus te r  an d a  Ser ie s F o r m a t i o n c l u s t e r . 
Cluste r  m e m b e r s h i p wa s the n use d fo r  th e c a t e g o r i z a t i o n o f 
tas k pe r fo rmance -

5.  Va l i d i t y 

The validity of these measures was checked in two ways. 
F i rs t ly ,  th e ana l ys i s wa s p e r f o r m e d o n a d d i t i o n a l  d a t a 
recorde d f ro m sub jec t s wh o ha d rece i ve d p r i o r  t r a i n i n g i n on e 
of  th e s t r a t e g i e s .  Ou t  o f  a  g r o u p o f  s i x ,  t he r e w e r e on l y tw o 
subject s wh o i n the i r  subsequen t  j udgemen t  w e r e p o s i t i v e o f 
havin g use d n o t h i n g bu t  th e t r a i ne d s t r a t eg y -  on e sub jec t 
traine d t o us e E l i m i n a t i o n (cal le d S-EL )  an d on e t ra ine d t o 
us e Ser ie s F o r m a t i o n ( S - S F ) .  Tab l e 2  p r e s e n t s th e p e r c e n t a g e 
of  success fu l  m a t c h e s fo r  thes e tw o se t s o f  d a t a . 
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Tabl e 2 :  percen t  matche s fo r  tw o traine d subject s 

Subj . %SF/(lur %EL/dur %SF/fraq %EL/freq 

Task l 

Task 2 

Task 3 

Task 4 

Task s 

Task s 

Task ? 

Task s 

S-E L 
S-S F 

S-E L 
S-S F 

S-E L 
S-S F 

S-E L 
S-S F 

S-E L 
S-S F 

S-E L 
S-S F 

S-E L 
S-S F 

S-E L 
S-S F 

0.0 0 
75.0 0 

0.0 0 
80.9 5 

0.0 0 
59.4 6 

0.0 0 
67.8 6 

0.0 0 
42.8 6 

0.0 0 
62.0 7 

0.0 0 
76.2 0 

0.0 0 
59.2 5 

59.3 8 
29.1 7 

47.0 6 
4.7 6 

100.0 0 
27.0 3 

91.6 7 
7.1 4 

60.0 0 
6.9 8 

63.6 4 
6.9 0 

35.2 9 
7.9 4 

25.0 0 
9.0 9 

0.0 0 
83.7 1 

0.0 0 
85.9 7 

0.0 0 
65-1 1 

0.0 0 
83.6 5 

0.0 0 
49.4 7 

0.0 0 
75.6 1 

0.0 0 
69.8 9 

0.0 0 
52.0 2 

46.5 0 
11.6 2 

58.2 4 
2.2 0 

100.0 0 
14.7 4 

98.0 2 
2.7 1 

76.9 5 
3.3 5 

54.9 6 
1.3 9 

30.3 2 
9.1 6 

23.6 3 
6.4 4 

As ca n b e see n fro m Tabl e 2 ,  ther e i s ver y goo d separatio n 
betwee n S-S F an d S-EL . 

The other line of approach was based on an idea used by Wood 
et  a l .  (1974) .  Thes e author s surprise d subject s wit h a 
repete d presentatio n o f  a  tas k wher e i n th e repetitio n the y 
di d no t  as k fo r  th e posit io n o f  on e specifi c  person ,  bu t 
require d subject s t o giv e th e tota l  arrangemen t  instead .  Th e 
differenc e i n solutio n tim e betwee n th e firs t  an d th e secon d 
solutio n o f  th e tas k wa s use d t o estimat e whethe r  subject s 
ha d bee n usin g th e Serie s Formatio n strateg y -  lon g time s o n 
th e repetit io n standin g fo r  prio r  us e o f  th e Eliminatio n 
strategy .  I n th e presen t  case ,  solutio n tim e o n th e repetio n 
of  tas k 8  (expresse d a s a  facto r  o f  solutio n tim e fo r  tas k 8 ) 
was compare d fo r  subject s whos e solutio n attemp t  ha d bee n 
classif ie d a s S F o r  E L o n th e basi s o f  cluste r  analyses . 
Tabl e 3  show s mean s scores : 
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Tabl e 3 :  Mean s score s fo r  relativ e solutio n tim e o n tas k 9 

SF ( N =  18 ) 

EL ( N =  17 ) 

X 

2.7 2 

7-0 4 

s 

3.0 5 

4.6 5 
t  =  3.90 8 P < .0 1 

Ther e i s a  clea r  differenc e i n th e expecte d direct ion : 
subject s whos e solutio n o f  tas k 8  wa s categorize d a s Serie s 
Formatio n require d significantl y les s tim e whe n aske d fo r  th e 
tota l  arrangement . 

Thus, both approaches to testing the validity of strategy 
identificatio n gav e ver y clea r  an d reassurin g results . 

6. Conclusion 

Instead of arguing for the appropriateness of the assumptions 
underlyin g th e approac h t o th e identificatio n o f  strategie s 
presente d here ,  I  shal l  presen t  a  brie f  glimps e a t  th e 
results . 

The comparison of mean factor scores {Factor SF-EL) revealed 
significan t  difference s i n th e cas e o f  tas k 3  an d 4 :  mea n 
score s wer e highe r  i n th e silen t  grou p (indicatin g mor e us e 
of  th e Eliminatio n st rategy) .  Thi s i s born e ou t  b y th e 
categorization s o n th e basi s o f  o n th e basi s o f  cluste r 
analyses ,  whic h len d themselve s mor e readil y fo r  graphica l 
presentation :  Figur e 7  show s th e frequenc y o f  Eliminatio n i n 
th e tw o groups . 

These differences can be interpreted as follows: There is no 
bi g differenc e betwee n th e tw o gropu s wit h respec t  t o 
strateg y use .  Wha t  i s different ,  i s  th e spee d a t  whic h the y 
discove r  th e Eliminatio n strategy :  Thinking-alou d subject s 
ar e slower . 
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Ident i f icat io n o f  Strategie s 
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Figur e 7 :  Us e o f  th e Eliminatio n strateg y ove r  8  task s 
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