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ABSTRACT 

Many experimental studies have shown that learning and memorization of complex information are 
strongl y influence d b y th e learners '  prio r  knowledge .  Thus ,  detaile d analyse s o f  th e structure s an d 
th e processe s involve d i n learnin g an d memorizatio n requir e precis e assessmen t  o f  th e leamer' s 
prio r  knowledg e i n relatio n t o th e characteristic s o f  th e domai n t o b e acquired . 
We hav e develope d a  formalizatio n i n term s o f  systems :  relational ,  transformational ,  teleologica l 
(functiona l  an d intentional )  whic h permit s u s t o simultaneousl y describ e tha t  domai n bein g 
acquired ,  th e representaio n o f  th e acquirin g organism ,  an d ou r  representatio n o f  tha t 
representation . 
Here ,  w e wil l  repor t  a  stud y i n whic h thi s formalizatio n wa s employe d i n assessin g th e 
representatio n tha t  student s wit h differen t  level s o f  knowledg e abou t  automobil e mechanic s hav e o f 
a functiona l  system :  th e starte r  syste m o f  a n automobile . 
The prediction s mad e b y thi s formalizatio n wer e compare d wit h th e performance s o f  thre e group s 
of  student s wit h differen t  level s o f  knowledg e o n a  serie s o f  fou r  tasks :  fre e interview ,  causa l 
questioning ,  completin g lacunar y even t  triples ,  an d a  multipl e choic e questionair e o n th e existenc e 
of  event s an d causa l  relations .  Th e criteriu m use d t o choos e thes e fou r  task s wa s tha t  the y diffe r 
accordin g t o th e demand s the y mak e i n th e retrieva l  o f  store d informatio n i n memory . 
The result s sho w that : 
(i )  subject s wit h a  goo d leve l  o f  knowledg e hav e a  representatio n organize d i n a  fuctiona l 
autonomou s syste m organize d i n sub-systems ,  whil e 
(ii )  subject s wit h lowe r  level s o f  knowledg e d o no t  hav e a  representatio n organize d a s a  functiona l 
system ,  an d 
(iii )  subject s fro m th e intermediat e grou p buil t  a  representatio n organize d a s a  functiona l 
autonomou s syste m bu t  containin g les s informatio n an d mor e poorl y organize d i n sub-systems . 

The emergence of cognitive research on the acquisition of knowledge from texts has led to 
a brea k fro m a n approac h centere d exclusivel y o n tex t  an d linguisti c knowledg e an d t o tak e int o 
accoun t  th e specifi c  characteristic s o f  thos e type-representation s tha t  ar e knowledg e an d belief s 
(Denhier e &  Baudet ,  1988) .  Whil e processin g a  text ,  a n individua l  construct s severa l  type s o f 
representatio n fro m th e textua l  information .  I n th e descriptio n o f  thos e representations ,  a n 
importan t  ste p ha s bee n th e introductio n o f  th e concep t  o f  menta l  mode l  (Johnson-Laird ,  1983 )  o r 
situatio n mode l  (va n Dij k &  Kintsch ,  1983 )  t o conceptuahz e th e worl d representatio n tha t 
individual s buil d throug h thei r  experience s an d thei r  learning ,  an d whic h the y activat e durin g th e 
readin g o f  a  text .  Th e concep t  o f  a  model ,  however ,  onl y ha s valu e i f  th e mode l  i s  rigorousl y 
define d an d i f  th e description s o f  th e worl d an d othe r  representation s tha t  a n individua l  ha s o f  i t  ar e 
clearl y specified .  So ,  w e propos e a n analysi s i n term s o f  system s a s a n attemp t  t o produc e a 
conceptualizatio n tha t  allow s fo r  a  precis e descriptio n o f  th e representatio n tha t  w e hav e o f  th e 
worl d an d o f  th e representatio n o f  th e representatio n tha t  th e learne r  build s fo r  himsel f  (Baude t  & 
Denhiere ,  i n press) . 
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R E C O U R SE T O TH E NOTIO N O F SYSTE M 

To characterize our description of a complex domain involving several individuals or objects, their 

characteristic s an d thei r  relations ,  an d ou r  representatio n o f  th e learner' s representation ,  w e hav e 

develope d a  mode l  depictin g relational ,  transformationa l  o r  teleologica l  systems ,  functiona l  o r 

intentiona l  (se e Baude t  an d Denhiere ,  1988) . 

A relationa l  syste m represent s comple x stativ e situation s :  state s i n whic h ar e foun d 

individual s o r  object s fo r  a  possibl e world .  Define d b y intension ,  a  relationa l  syste m i s a  collectio n 

of  individual s affecte d b y th e definitio n o f  on e o r  severa l  relation s betwee n thes e individuals . 

Formally ,  a  relationa l  syste m i s a  sequenc e <I ,  Rl,... ,  R n > wher e I  i s  a  non-nul l  se t  an d Rl,... , 

Rn ar e relation s tha t  appl y t o element s o f  I  (se e Coombs ,  D a w e s an d Tversky ,  1975) . 

A transformationa l  syste m represent s comple x events :  transformatio n sequence s o f 

stativ e situations .  Define d b y intension ,  a  transformationa l  syste m i s use d t o transform ;  i .  e .  i n a n 

interva l  o f  time  t :  i ,  j ,  i t  i s characterize d b y modification s i n th e "  norma l  cours e o f  th e world" , 

change s i n th e "natura l  tendency "  o f  successiv e state s o f  th e syste m eithe r  t o remai n a s i s 

(conservatio n o f  states )  o r  t o chang e (events )  (vo n Wright ,  1967 ;  Francois ,  1988) . 

A teleologica l  syste m represent s structure s an d behavior s o f  organism s :  set s o f 

interrelate d functiona l  units .  W h e n th e functiona l  unit s — h u m an being s an d b y extension , 

animals — ar e credite d wit h intentionality ,  the y wil l  b e considere d t o b e intentiona l  systems ;  whe n 

the y ar e component s o f  a  technica l  o r  biologica l  devic e the y wil l  b e referre d t o a s functiona l 

systems .  Define d b y intension ,  thes e system s ar e teleological ,  i .  e .  the y for m a  functiona l  unit .  I n 

an interva l  o f  time  t :  i ,  j ,  th e initia l  stat e o f  th e system ,  define d b y th e individual s initiall y  present , 

thei r  relationship s an d th e initia l  value s o f  thei r  attribute s i s modifie d s o a s t o attai n a  configuratio n 

(fina l  state )  whic h constitute s th e targe t  goa l  o f  th e system .  Eac h modificatio n intervenin g durin g 

interva l  o f  tim e t :  i ,  j ,  function s a s a  mean s o f  achievin g thi s goal,tha t  is ,  i t  create s th e necessar y 

condition s i n th e circumstance s (se e Mackie ,  1974 )  t o reac h thi s goal . 

CAUSAL CONNECTIONS 

Causal connections are crucial to transformational and teleological systems. The present 

model  draw s o n th e philosoph y o f  actio n (vo n Wright ,  1967 ;  Mackie ,  1974 ;  Trabass o &  va n de n 

Broek ,  1985 )  b y takin g accoun t  o f  knowledg e abou t  th e constructio n o f  state ,  event ,  an d actio n 

representations ,  an d naiv e causality .  Recen t  experimenta l  wor k (Hilto n an d Slugoskd ,  1986 )  i s i n 

lin e wit h th e hypothesi s tha t  th e cognitiv e representatio n o f  causa l  relation s i s buil t  u p vi a a  causa l 

explanator y operatio n (searc h throug h a  se t  o f  event s fo r  th e caus e o f  a  give n even t  o r  state )  whic h 

implement s contrafactua l  reasonin g base d o n th e criteriu m o f  necessar y conditio n an d judgmen t  o f 

naturalnes s o f  event s i n th e situation .  Thus ,  th e naiv e concep t  o f  causalit y whic h wil l  b e activate d 

by th e occurrenc e o f  a  causa l  connectio n i n languag e o r  i n th e worl d ca n b e interprete d a s (Mackie , 

1974 )  :  X  Cause s Y  :  th e occurrenc e o f  X  i s a  necessar y condition ,  i n th e 

circumstances ,  fo r  th e occurrenc e o f  Y .  Causa l  connection s ar e buil t  i n relatio n t o a 

specifi c  context :  th e circumstances .  Th e caus e an d th e effec t  represen t  modification s i n th e norma l 

cours e o f  th e world :  "Caus e i s a n I N U S conditio n (Insufficien t  bu t  Necessar y par t  o f  a n 

Unnecessar y bu t  Sufficien t  condition) ,  a  modificatio n introduce d int o th e causa l  fiel d which ,  i n th e 

absenc e o f  an y othe r  modification ,  i s  a  necessar y conditio n fo r  th e effec t  t o occur "  (Mackie ,  1974) . 

By causa l  field  w e mea n th e se t  o f  necessar y condition s fo r  th e occurenc e o f  th e effe t  whic h ar e no t 

modificatio n i n th e norma l  cours e o f  th e world . 

THE TELEOLOGICAL DESCRIPTION OF A FUNCTIONAL SYSTEM 

In general, a teleological description of a system can be expressed as follows (see Mackie, 

1974 )  :  I  ha s C  i n E  becaus e C  i n E  lead s t o B ,  i n whic h I  =  individua l  o r  se t  o f 
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individuals, C = behavior of a system described by the sequence of states or events, E = 
environmen t  o r  circumstances ,  an d B  =  goa l  o f  syste m (fina l  stat e aime d a t  b y th e system) .  A t  th e 
same leve l  o f  analysis ,  i n th e cas e o f  a  comple x description ,  th e syste m mus t  b e decompose d int o 
subsystem s whos e descriptio n i s mor e elementary .  Th e teleologica l  natur e o f  th e functiona l 
system ,  i.e .  it s  hierarchicall y structure d organizatio n int o goals/subgoal s make s thi s decompositio n 
possible .  Thi s decompositio n reflect s th e structur e o f  realit y :  th e functiona l  syste m i s tangibl e 
evidenc e o f  proble m solvin g activit y implemente d b y th e designer .  Eac h subsystem ,  lik e th e 
syste m itself ,  make s u p a  functiona l  unit .  I t  i s  characterize d b y it s rol e i n th e genera l  functionin g o f 
th e syste m :  th e final  stat e o f  th e subsyste m serve s a s a  subgoa l  o f  th e system .  Th e syste m i s thu s 
analyze d a s a  se t  o f  hierarchicall y organize d functiona l  units ,  a  tre e structure .  Thes e unit s ar e 
relate d causally ,  temporall y an d topologically .  Thi s yield s th e followin g description s fo r  a 
functiona l  system : 

(i )  Causa l  pat h descriptio n o f  syste m functionin g : 
The descriptio n consist s o f  establishin g a  sequenc e o f  actions ,  event s an d state s whic h expres s a 
tempora l  sequenc e o f  syste m functioning .  A  stat e i s describe d b y a  relationa l  syste m an d a n even t 
and a n action s ar e describe d b y a  modificatio n o f  a  relationa l  system .  Loca l  semanti c coherenc e 
arise s fro m th e explanatio n o f  relation s betwee n actions ,  events ,  an d states . 

(ti )  Teleologica l  descriptio n o f  syste m 
Thi s i s represente d b y a  tre e structur e whos e origina l  nod e i s th e goa l  o f  th e system .  Th e 

subordinat e node s represen t  subgoal s o f  th e system ,  whic h mus t  b e attaine d fo r  th e mai n goa l  t o b e 
accomplished .  Thes e subordinat e node s ar e th e macro-event s o f  th e system .  Th e occurrenc e o f 
thes e macro-event s i s itsel f  conditione d b y th e occurrenc e o f  event s represente d b y th e node s 
immediatel y belo w them .  Th e constructio n o f  a  structur e o f  thi s typ e thu s consist s o f  a 
categorizatio n an d a  hierarchizatio n o f  event s int o goal s a s a  functio n o f  th e goal s assigne d t o th e 
system ,  whic h ma y o r  ma y no t  violat e th e tempora l  sequence .  Th e globa l  semanti c coherenc e i s 
ensure d b y thi s goa l  structure . 

EXPERIMENTS TO TEST THE VALIDITY OF THE MODEL 

We carried out four tasks (free interview, causal questioning, completing lacunary event triples, 
and multipl e choic e questionaire s o n th e existenc e o f  event s an d causa l  relations )  wit h thre e group s 
of  student s (n=7 )  havin g differen t  level s o f  knowledg e o f  ca r  mechanic s (G1>G2>G3) .  Ou r 
objectiv e wa s t o identif y thei r  representatio n o f  th e starte r  system . 
We pu t  forwar d th e tw o followin g genera l  hypothesi s : 

HI  :  Th e acquisitio n o f  knowledg e abou t  a  functiona l  syste m i s a n activit y whic h result s i n th e 
constructio n o f  a  coheren t  significatio n whic h correspond s t o th e descriptio n o f  a  functiona l  syste m 
as propose d above . 

H2 :  Subject s i n grou p 0 1 wit h a  goo d knowledg e o f  th e starte r  syste m wil l  hav e a 
representatio n o f  thi s syste m whic h correspond s t o ou r  descriptio n o f  a  functiona l  system . 
Subject s fro m grou p 0 3 wil l  no t  hav e constructe d a  representatio n o f  th e starte r  syste m a s a n 
autonomou s functiona l  system .  Th e grou p 02 ,  wh o hav e demonstrate d a  lowe r  leve l  o f 
acquisitio n tha n grou p 0 1 shoul d eithe r  lac k a  representatio n o f  th e starte r  syste m organize d a s a n 
autonomou s functiona l  system ,  eve n thoug h the y kno w mor e element s o f  thi s syste m tha n G3 ,  o r 
hav e a  representatio n o f  tiie  starte r  syste m organize d a s a n autonomou s functiona l  syste m but ,  i n 
relatio n t o grou p 01 ,  thi s shoul d b e les s elaborate d insofa r  a s i t  shoul d contai n fewe r  element s an d 
be les s wel l  organize d wit h respec t  t o sub-systems . 

The following predictions are deduced from the hypothesis 1 : 

Distance Effect (D). The majority of recalled and recognized information (objects, events, 
relations )  i n th e intervie w protocol s an d th e questionnaire s wil l  belon g t o th e starte r  system .  I n th e 
protocols ,  th e numbe r  o f  inttiision s belongin g t o system s othe r  tha n th e starte r  syste m wil l  b e 
inversel y proportiona l  t o th e distanc e o f  tha t  syste m fro m th e starte r  syste m :  S T A R T S  Y S T >  AD J 
SYST >  O T H ER SYST . 
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Position effect (P) in the sub-systems. The initial and final event of a sub-system will have a 

highe r  probabilit y  o f  bein g expresse d i n th e intervie w protocol s an d questionnaire s tha n th e 

intermediat e event s (boundar y effect) .  Furthermore ,  th e teleologica l  natur e o f  th e representatio n 

allow s u s t o predic t  a  highe r  probabilit y  o f  occurrenc e fo r  th e fina l  even t  leadin g t o th e realizatio n 

of  th e sub-system' s goal :  H N A L >  INITIA L > I N T E R M E D I A T E . 

Interaction T* S between the type of task (T) (interview vs. questionnaire) and the level of 

structur e o f  th e informatio n (S )  (micro -  vs .  macro-proposition) :  providin g assistanc e t o acces s 

informatio n (questionnaire )  allow s fo r  easie r  recover y fo r  tha t  informatio n whic h ou r  analysi s i n 

term s o f  system s identifie s a s belongin g t o th e micro-structur e rathe r  tha n th e macro-structure . 

From the second general hypothesis H2 we can predict the following interactions: 

Interaction D* K between the factors distance (D) and knowledge level (K) predicted on the 

basi s o f  th e hypothesi s (H2) :  th e distanc e effec t  wil l  no t  b e observe d fo r  grou p G 3 whos e 

cognitiv e representatio n i s no t  organize d a s a  functiona l  system . 

Interaction M* K between the membership level (M) and the knowledge level (K): the effect 

of  membershi p leve l  i n th e syste m wil l  no t  b e observe d fo r  grou p G 3 . 

Interaction T* S* K between the type of task (T), the level of structure (S) and the 

knowledg e leve l  (K) :  th e interactio n i n predictio n 5  wil l  no t  b e observe d fo r  grou p G 3 whos e 

cognitiv e representatio n i s no t  organize d a s a  functiona l  system . 

Tasks 

The three groups participated in four tasks organized as follows: 

-  phas e 1 :  fre e intervie w followe d b y causa l  questioning , 

-  phas e 2 :  incomplet e even t  triples ;  thi s immediatel y succeed s phas e 1 , 

-  phas e 3 :  multipl e choic e questionnair e o n th e existenc e o f  event s an d causa l  relations ;  thi s 

follow s phas e 2  afte r  a  on e wee k delay . 

Task s execute d b y th e subject s ar e assume d t o var y i n term s o f  th e activitie s involve d i n th e 

recover y o f  knowledg e from  m e m o r y (Baudet ,  1988) . 

Protocol analysis : 

For each subject we thus have an interview protocol and a questioning protocol. 

First ,  a n inventor y o f  al l  objects ,  states ,  event s an d action s mentione d i n th e protocol s i s 

made an d the y ar e categorize d a s a  functio n o f  thei r  syste m membership :  starte r  system ,  system s 

adjacen t  t o th e starte r  system ,  othe r  system s (Blaizet ,  Cheritel ,  Legros ,  1988) .  States ,  event s an d 

action s ar e the n categorize d i n term s o f  thei r  membershi p leve l  withi n a  sub-system ;  initial , 

intermediat e an d fina l  positions .  The n the y ar e categorize d i n micro -  an d macro-proposition s 

dependin g o n whethe r  the y represen t  micro -  o r  macro-events .  Finally ,  w e m a k e a n inventor y o f 

th e relation s mad e b y subject s amon g th e states ,  event s an d actions .  The y ar e firs t  classifie d wit h 

respec t  t o thei r  positio n i n th e structur e analyze d i n term s o f  systems :  starte r  intra-system ,  inter -

systems ,  an d othe r  intra-systems .  Th e relation s ar e the n categorize d i n term s o f  thei r  natur e : 

C A U SE (C) ,  E N A B L I N G (E) ,  G O A L (G) ,  T E M P O R AL (T) ,  S P E C I H C A T I O N (SP) . 

Results : 

We present only the results of the first three tasks. The results of the multiple choice questionnaires 

on th e existenc e o f  event s an d causa l  relation s confir m th e result s obtaine d wit h th e previou s ones . 

1. Free interview and causal questioning : 
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1.1 .  Object s : 

1 :  Distanc e effec t  (D) :  Th e averag e numbe r  o f  object s mentione d i n th e intervie w protocol s 
and questionnaire s wer e ordere d accordin g t o th e predicte d hierarch y :  F2,3 6 =  55. 6 ;  p<.(X)l . 
S Y ST (m=16.2 )  >  A D J S Y S T (m=6.1 )  >  O T H E R S Y S T (m=1.0) . 

2_:  Interactio n K  *  D  .  Ther e i s a  significan t  differenc e betwee n th e mea n numbe r  o f  object s 
belongin g t o th e starte r  syste m an d thos e object s belongin g t o adjacent s system s fo r  group s G l 
and G 2 ,  bu t  no t  fo r  0 3 :  F4,3 6 =  9.33 ;  p<.01 . 

1.  2 .  Event s : 

1.: Distance effect (D): The mean number of events in the interview protocols and 
questionnaire s wa s ordere d accordin g t o th e predicte d hierarch y :  F 2 3 6 =  33. 6 ;  p<.01 .  S Y S T 

(m=4.9 )  >  A D J S Y S T (m=2.0 )  >  O T H E R S Y S T (m = 0.4) . 
2. :  Interactio n K  *  D .  Ther e i s a  significan t  differenc e betwee n th e mea n numbe r  o f  event s 

belongin g t o th e starte r  syste m an d thos e event s belongin g t o adjacent s system s fo r  group s G l  an d 
G 2,  bu t  no t  fo r  G 3 :  F4,3 6 =  7.8 ;  p<.01 . 

2. :  Positio n effec t  fo r  th e event s i n th e sub-syste m (P) :  Th e averag e numbe r  o f  event s i n 
th e intervie w protocol s an d questionnaire s wa s ordere d accordin g t o th e predicte d hierarch y : 
F2,3 6 =  115.0 ;  p<.001 .  F I N A L (m=13.2 )  >  INITIA L (m=6.4 )  > I N T E R M E D I A T E (m=2.4) . 

4. :  Interactio n K  *  P .  A n analysi s o f  th e simpl e effect s show s tha t  onl y i n th e fina l 
positio n d o significan t  difference s occu r  betwee n G l  an d th e othe r  tw o group s :  F 4 3 5 =  7.8 ; 

p<.01 . 
5_:  Interactio n T  *  S .  Th e questionin g whic h facilitate s th e recover y o f  information ,  affect s 

th e micro-structur e mainl y :  Fi,i 8 =  6.11 ;  p=.02 . 

^ :  Interactio n K  *  T  *  S  approache s significance :  F2,1 8 =  2.7 ;  p=.09 .  Th e questionin g 
resulte d i n a  relativ e improvemen t  o f  th e recover y o f  informatio n pertainin g t o th e micro-structur e 
fo r  group s G 1 an d G 2 bu t  no t  fo r  G 3 (multipl e comparison s o f  th e mean s wer e al l  significan t 
p=.05) . 

1. 3. Relations : 

\_: Membership level in the system (M). The average number of relations mentioned in the 
intervie w protocol s an d questionnaire s i s ordere d accordin g t o th e predicte d hierarch y :  F 2 3 6 = 

10.6 ;  p<.01 .  I N T R A S Y S T (m=10.6 )  >  I N T E R S Y S T (m=3.8 )  >  INTRASYST;. ^  (m=3.0) . 
2_:  Interactio n K  *  M .  Fo r  group s G l  an d G 2 th e numbe r  o f  relation s interna l  t o th e starte r 

syste m wa s significantl y greate r  tha n th e relation s belongin g t o eithe r  o f  th e othe r  tw o syste m 
categorie s an d thi s wa s no t  th e cas e fo r  grou p G3 :  F43 6 =  4.124 ;  p<.001 . 

2:  Interactio n M *  T .  Th e questionin g procedur e wa s effectiv e mainl y i n recoverin g 
relation s interna l  t o th e starte r  syste m :  F2,3 6 =  13.5 0 p<.001 . 

4_:  Interactio n M *  T  *  K .  Th e precedin g interactio n wa s no t  observe d fo r  grou p G 3 : 
F4,3 6 =  3.70 ;  p=.01 . 

f :  Interactio n M *  R .  Subject s us e mor e C A U S E relation s tha n G O A L relation s withi n th e 
syste m an d thi s i s no t  th e cas e betwee n system s :  Fio,l8 0 =  4.94 ;  p  <.001 . 

^:  Interactio n M *  R  *  K .  Th e thre e group s o f  subject s us e mor e C A U S E relation s tha n 
G O AL relation s withi n th e starte r  system .  However ,  wit h respec t  t o th e relation s betwee n system s 
one see s th e contrary :  subject s fro m group s G l  an d G 2 establis h mor e G O A L relation s tha n 
C A U SE relation s whil e subject s i n grou p G 3 us e mor e C A U S E relation s tha n G O A L :  F2 0 18 0 = 
2.54 ;  p<.01 . 
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2.  Incomplet e even t  triple s : 

X :  Distanc e effec t  (D )  t o th e sub-system :  .  Th e frequenc y o f  respons e type s follo w th e 
predicte d hierarch y (F3,5 4 =  11.9 ;  p<.01) : 

S -SUBSYST >  S-SYS T >  O T H E R S Y S T (OMISSIONS ) 
3 6 3 >  .17 9 >  ^09 5 (.363 ) 

2 : Interaction between D * K: F6,54 = 12.0: p<.01. Table 4 below shows the different 

pattern s o f  respons e frequencie s accordin g t o th e groups : 
Gl :  S -SUBSYS T >  S-SYS T >  O T H E R S Y S T :  .62 5 >  .25 0 >  .01 7 
G2:  S-SUBSYS T =  S-SYS T >  O T H E R S Y S T :  .37 5 >  .23 2 >  .05 4 
G3:  n o significan t  differenc e :  .09 0 >  .05 0 >  .02 1 

i.: Boundary effect of sub-systems (B): The significant interaction C * P: F3,54 = 5.9; p<.01 

shows tha t  th e correc t  response s ar e mor e numerou s whe n th e ga p occur s a t  th e borde r  o f  tw o sub -
system s rathe r  tha n withi n a  system . 

CONCLUSIONS 

The four experiments provide a body of results compatible with the hypothesis that acquiring 
knowledg e abou t  a  functiona l  syste m i s a n activit y whic h culminate s i n th e constructio n o f  a 
coheren t  networ k whic h correspond s t o th e descriptio n o f  th e propose d functiona l  system .  The y 
als o provid e informatio n a s t o wha t  migh t  b e th e appropriat e step s necessar y fo r  achievin g master y 
of  a  comple x technica l  system :  fro m th e incoheren t  representatio n o f  som e events ,  state s o r  action s 
t o a  cohesiv e organization .  Tha t  cohesiv e uni t  i s  a  functiona l  syste m capabl e o f  differentiatin g thi s 
organizatio n int o sub-unit s o f  th e sam e typ e (sub-system s unit s a t  a  hig h leve l  o f  th e functiona l 
system) .  Actuall y whe n w e compar e th e performance s o f  th e thre e group s o f  subject s havin g 
differen t  knowledg e levels ,  i t  seem s tha t  th e grou p whic h wa s mos t  knowledgeabl e constructe d a 
representatio n organize d i n functiona l  system s an d sub-systems .  O n th e othe r  han d th e grou p 
whic h receive d th e sam e instructio n a s th e previou s on e bu t  whic h showe d a  les s wel l  develope d 
knowledg e abou t  th e syste m demonstrate d b y thei r  performanc e tha t  the y buil t  a  representatio n 
organize d a s a  functiona l  syste m bu t  no t  wit h sub-systems .  Thei r  cognitiv e representation s o f  th e 
starte r  system s differ s fro m thos e o f  th e precedin g grou p bot h i n term s o f  fewe r  rea l  unit s 
represente d an d als o b y th e structur e o f  thes e unit s int o a  syste m whic h coul d b e decompose d int o 
functiona l  sub-system s wit h difficulty ,  i f  a t  all .  Finally ,  th e grou p whic h receive d n o instructio n 
directi y concemin g th e starte r  syste m bu t  whic h ha s genera l  knowledg e an d intuitio n abou t  ca r 
mechanic s followin g a n introductor y course ,  perform s i n suc h a  wa y a s t o indicat e tha t  the y d o 
not  differentiat e th e starte r  syste m fro m thos e othe r  system s whic h mak e u p a  technica l  objec t  lik e a 
car .  I n particula r  the y mak e n o distinctio n betwee n th e starte r  syste m an d adjacen t  system s suc h a s 
th e therma l  interna l  combustio n engine ,  th e ignitio n system ,  th e energ y supplyin g system . 

Our analysis in terms of systems produces a conceptualization that allows for a precise 
descriptio n o f  th e representatio n tha t  w e hav e o f  th e worl d an d o f  th e representatio n o f  th e 
representatio n tha t  th e learne r  build s fo r  himsel f  I t  allow s u s t o formulat e i n ne w terms ,  question s 
regardin g comprehensio n an d tex t  production .  I t  i s  a  necessar y conditio n fo r  th e detaile d stud y o f 
th e processin g o f  comple x verba l  informatio n suc h a s th e interpla y o f  th e linguisti c an d logico -
Hnguisti c element s o f  th e text ,  th e cognitiv e characteristic s o f  individual s an d th e characteristic s o f 
th e worl d represente d i n a  text .  Ou r  mode l  allow s u s t o seriousl y conside r  th e constructio n o f 
computerize d system s t o assis t  learnin g i n comple x domain s (se e Tapiero ,  Poitrenaud ,  Denhiere , 
1988) . 
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