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T H E C O M P R E H E N S I ON O F C O M P L EX G R A P H I C S : 

F A C I L I T A T I N G E F F E C T S O F T E X T O N I N T E G R A T I O N A N D 

I N F E R E N C E - M A K I NG 

JANICE D. GOBERT 
Scientifi c  Reasonin g Researc h Institut e 

Hasbrouc k Laborator y 

Universit y o f  Massachusetts ,  Amhers t 

Amherst ,  M A 0100 3 

e-mail :  GOBERT@srri.umass.ed u 

Abstrac t 

The goal of the present research was to 
investigat e th e effect s o n comprehensio n an d 
inference-makin g whe n prio r  knowledg e abou t 
a buildin g wa s manipulate d b y mean s o f  a  text . 
The tex t  presente d a n expert-lik e "walk -
through "  descriptio n o f  th e building ,  a s wel l  a s 
exemplar s o f  th e eigh t  type s o f  semanti c 
informatio n previousl y fovm d t o b e employe d i n 
th e comprehensio n o f  architectura l  plans .  Thi s 
was motivate d b y previou s researc h which :  1 ) 
foun d tha t  th e natur e o f  th e encodin g proces s i s 
relate d t o bot h specifi c  prio r  knowledg e o f  th e 
buildin g an d t o expertise ,  an d 2 )  suggeste d tha t 
experts '  representation s o f  th e buildin g 
include d m u c h mor e 3-dimensiona l  infonnatio n 
wherea s sub-experts '  representation s o f  th e 
buildin g wer e m u c h mor e simila r  t o th e 2 -
dimensiona l  plan s use d t o depic t  th e building . 

Result s indicate d tha t  th e tex t  ha d 

positiv e effect s o n specifi c  type s o f  semanti c 

informatio n acquire d abou t  th e building ,  an d 

tha t  inference s o n thi s informatio n permitte d 

th e developmen t  o f  menta l  model s whic h 

include d a  greate r  numbe r  o f  3-dimensiona l 

aspect s o f  th e building .  Ther e wer e als o 

importan t  finding s relate d t o expertis e whic h 

sugges t  tha t  th e search ,  pattern-recognition , 

an d inference-makin g operator s applie d b y 

novice s wer e differen t  fro m thos e applie d b y 

experts . 

Introductio n 

This research investigates the nature of the 

cognitiv e processe s involve d i n th e 

comprehensio n o f  graphi c ir\formatio n source s 

and subsequen t  inference-makin g i n th e don\ai n 

of  architecture .  Thi s tas k i s inherentl y 

interestin g t o cognitiv e scienc e sinc e learnin g 

fro m thes e symboli c graphi c source s i s a  highl y 

develope d an d multi-levele d proces s involvin g 

th e comprehensio n o f  severa l  differen t  type s o f 

informatio n abou t  a  building ,  includin g 

visual/spatia l  characteristic s a s wel l  a s 

conceptual ,  an d semanti c informatio n abou t  th e 

buildin g depicte d (Gobert ,  1989 ;  Gober t  & 

Frederiksen ,  1988,1989) . 

The metho d employe d i n th e presen t  stud y 

i s base d o n th e underlyin g theor y tha t 

comprehensio n i s a  stratifie d proces s i n whic h 

semanti c informatio n fro m a  tex t  o r  graphi c i s 

represente d b y th e learne r  i n severa l  levels . 

The comprehensio n proces s involve s bot h th e 

comprehensio n o f  th e informatio n sourc e a s wel l 

as th e inference s whic h th e learne r  make s o n 

thi s information .  Th e workin g hypothesi s 

employe d i s tha t  th e semanti c processe s whic h 

ar e use d i n th e understandin g o f  discoiu-se ,  i.e. , 

tex t  o r  language ,  shoul d als o operat e i n th e 

understandin g o f  graphi c informatio n sources . 

Thi s i s no t  t o sugges t  tha t  ther e m a y no t  b e 

differen t  componen t  processe s specifi c  t o 

particula r  modalitie s o f  information ,  i.e. , 

visua l  o r  graphic ,  rathe r  tha t  ther e m a y b e 

some commonalit y betwee n thos e fo r  graphic s 

and thos e fo r  tex t  a t  certai n level s o f  th e 

comprehensio n process . 

Briefly ,  thi s stratifie d model ,  a s wel l 

specifie d i n discours e comprehensio n 

(Frederiksen ,  1988 ;  vanDij k &  Kintsch ,  1983 ) 

encompasse s thre e level s o f  representation ,  1 ) 

syntacti c parsing ,  2 )  th e encodin g o f  semanti c 

information ,  an d 3 )  developmen t  o f  a  menta l 

model  (Johnson-Laird ,  1983 )  o r  situatio n mode l 

(vanDij k &  Kintsch ,  1983) .  M y previou s wor k 

(Gober t  &  Frederiksen ,  1988,1989 )  investigate d 

specificall y th e semanti c leve l  o f 

representatio n o f  architectura l  plan s vi a a 

thin k alou d task .  Usin g method s o f  semanti c 

analysi s base d o n a  B N F gramma r  (Backus -
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Naur  Form ;  Wirth ,  1976) ,  i t  wa s determine d 

tha t  ther e ar e eigh t  specifi c  type s o f  semanti c 

iixformatio n require d t o comprehen d a  buildin g 

fro m it s architectura l  plans ,  whic h are :  objec t 

identity ,  objec t  description ,  geometry ,  function , 

location ,  supportin g structure ,  par t  structure , 

and circulation/access .  Furthermore ,  i t  wa s 

foun d tha t  th e natur e o f  thi s encodin g proces s i s 

relate d t o bot h prio r  knowledg e an d t o 

expertis e suc h tha t  th e attentiona l  searc h 

strategie s employe d b y expert s i n orde r  t o 

acquir e ir\formatio n fro m th e plan s resulte d i n 

representation s o f  th e buildin g whic h wer e 

isomorphi c t o th e buildin g itsel f  a s a  3 -

dimensiona l  entity .  Novices ,  o n th e othe r 

hand ,  use d a  "floo r  b y floor "  attentiona l  searc h 

strateg y resultin g i n representation s whic h 

wer e poore r  i n tha t  the y wer e mor e simila r  t o 

th e plan s use d t o depic t  th e building . 

The presen t  researc h examine s thi s 

interactio n o f  expertis e an d prio r  knowledg e o n 

th e acquisitio n an d comprehensio n o f 

informatio n depicte d i n architectura l  graphic s 

and investigate s th e resultin g knowledg e 

representatio n b y mean s o f  a  numbe r  o f 

architecturall y relevan t  tasks . 

Method 

In order to precisely determine the effects of 

prio r  knowledg e o n knowledg e acquisitio n an d 

comprehension ,  prio r  knowledg e o f  th e buildin g 

was manipulate d b y mean s o f  a  tex t  whic h 

presente d a n expert-like ,  "walk-through " 
descriptio n o f  th e chose n buildin g a s a n 

exampl e o f  a n expert-lik e searc h strateg y a s 

wel l  a s exemplar s o f  th e eigh t  type s o f 
semanti c informatio n use d t o interpre t  plan s 

(Gobert ,  1989 ;  Gober t  &  Frederiksen ,  1988 , 

1989) .  Th e tex t  an d graphi c ar e no t 

informationall y o r  computationall y equivalen t 

(Larki n &  Simon ,  1987 )  an d ar e no t  intende d t o 

be;  rather ,  th e purpos e o f  th e tex t  wa s t o tes t 

th e efficac y o f  providin g bot h procedura l 
informatio n regardin g searc h strategie s a s wel l 

as descriptiv e informatio n abou t  th e buildin g 

specificall y o n subsequen t  architecturall y 

relevan t  tasks . 

I n orde r  t o determin e th e effect s o n 

knowledg e acquisitio n an d comprehensio n 

whic h ar e du e t o expertise ,  thi s stud y employ s 

a full y  crosse d design . 

Material s 

The building which has been chosen as the 

inpu t  fo r  thi s stud y i s Hous e I I  b y Pete r 

Eisenma n (Eisenman ,  1982) .  O f  thi s building , 

thre e plan s (lower ,  upper ,  roof )  wer e provided . 

Plan s depic t  building s floo r  b y floor ,  an d 

althoug h readin g o f  plan s provide s acces s t o 

some 3-dimensiona l  information ,  inference s ar e 

require d o n informatio n presente d i n th e plan s 

i n orde r  t o represen t  th e buildin g a s 3 -

dimensional .  Example s o f  2-dimensiona l 

infornnatio n whic h require s inference-makin g 

are :  1 )  dotte d line s sugges t  tha t  ther e i s a n 

objec t  abov e whic h i s lowe r  tha n th e ceiling ;  2 ) 

thic k pe n weight s indicat e th e locatio n i n th e 

buildin g throug h whic h th e pla n ha s bee n cu t 

and henc e a n objec t  whic h i s outline d b y a  thic k 

pen weigh t  rises  throug h tha t  floo r  level ;  an d 

3)  thi n pe n weight s indicat e tha t  th e objec t 

does no t  rise  u p completel y t o th e ceiling . 

Procedur e 

Fourty subjects in total participated in this 

study .  Th e novic e grou p consiste d o f  twent y 

student s i n thei r  secon d yea r  o f  architectur e 

schoo l  a t  th e Universit y o f  Toronto ;  an d twent y 

professiona l  architect s al l  wdt h a  m in imu m o f 

te n year s experienc e comprise d th e exper t 
group . 

The tex t  wa s give n t o on e grou p befor e 

viewin g th e plan s (pre-text) ,  versu s a  contro l 

group .  Th e task s whic h wer e require d were :  a 

semanti c interpretatio n task ,  a  comprehensio n 

test ,  an d drawin g o f  2  cross-sections ;  however , 

fo r  th e purpose s o f  thi s paper ,  onl y th e result s 

fro m th e comprehensio n tes t  an d th e cross -

section s wil l  b e discussed . 

The comprehensio n tes t  whic h wa s 

administere d immediatel y afte r  th e subject s 
had give n thei r  on-lin e semanti c interpretatio n 

of  th e plan s comprise d o f  item s evaluating :  a ) 
2-dimensiona l  comprehension ,  i.e. ,  informatio n 

whic h coul d b e directl y acquire d fro m th e 

plans ;  b )  3-dimensiona l  comprehension ,  i.e. , 

informatio n requirin g inference-makin g beyon d 

th e informatio n give n i n th e plans ;  c ) 

architectura l  genre ,  i.e. ,  knowledg e fro m long -

ter m memor y abou t  th e historica l  influence s o f 

th e building' s design ,  etc. ;  an d d )  eac h o f  th e 

eigh t  semanti c categorie s previousl y discussed . 
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Th e drawin g o f  th e cross-section s wa s 

requeste d immediatel y afte r  th e 

comprehensio n tes t  wa s completed .  A  te n 

minut e tim e linru t  wa s impose d fo r  eac h o f  th e 

tw o drawings .  Fo r  thi s task ,  eac h cross-sectio n 

was score d fo r  bot h it s overal l  characteristics , 

i.e. ,  spatia l  layout ,  an d specifi c 

characteristics ,  i.e. ,  presenc e o f  features . 

M e t h o d o f  Analysi s 

Manovas were performed using SPSS, as 

follows : 

To asses s comprehensio n o f  th e plan s an d 

building : 

1)  2-dimensiona l  comprehension ,  3-dimensiona l 

comprehension ,  an d architectura l  genr e b y tex t 

conditio n (pr e versu s none )  an d b y leve l  o f 

expertis e (novice s versu s experts) . 

2)  comprehensio n item s regardin g th e eigh t 

differen t  semanti c categorie s wer e analyze d 

wit h regar d t o difference s o n thes e type s o f 

semanti c knowledg e du e t o th e tex t  (pr e versu s 

none )  an d t o leve l  o f  expertis e (novice s versu s 

experts) . 

To asses s th e way s i n whic h knowledg e wa s 

use d o n a n architecturall y relevan t  task : 

3)  4  scores ,  1  overal l  an d 1  specifi c  fo r  eac h o f 

th e tw o cross-section s wer e taken ,  a 

multivariat e analysi s o f  varianc e teste d th e 

effect s du e t o boti i  tex t  conditio n (pr e versu s 

none )  an d b y leve l  o f  expertis e (novice s versu s 

experts) . 

comprehensio n questions , 

expertis e o r  tex t  group . 

regardles s o f 

Regardin g analysi s 2 :  (se e tabl e 1  an d 

figur e 1) : 

TABLE 1 

Multivariat e Analysi s fo r  Compreher«ion : 

Effect s  o f  Tex t  o n Semanti c Informatio n 

Multivariate F = .010 (Wilks) 

Univariat e F-test s (1.3 0 d O 

Variabl e 

Desc.  Info . 

Circ .  Info . 

Struc .  Info . 

Loc .  Info . 

SS 
57.8 2 

8.8 8 

12.3 7 

5.9 7 

MS 
12.0 0 

1.1 5 

3.8 0 

8.0 7 

F 
4.8 2 

7.6 9 

3.2 5 

0.7 4 

sig .  o f  F 

0.036 * 

0.009 » 

0.08 r 

0.397* * 

*  sig .  i n multivariat e an d univariat e test s 

* *  sig .  i n multivariat e tes t  onl y 

A significant multivariate effect was found 

fo r  th e pr e tex t  conditio n fo r  fou r  o f  th e eigh t 

type s o f  semanti c information ,  suggestin g tha t 

thos e i n th e tex t  conditio n ha d acquire d mor e 

informatio n abou t  th e buildin g i n term s o f  it s 

descriptiv e characteristics ,  it s  circulatio n / 

acces s routes ,  an d it s supportin g structura l 

system ,  thu s th e tex t  apparentl y facilitate d 

th e searc h proces s throug h th e plans ,  allowin g 

individual s t o acquir e mor e informatio n abou t 

th e building . 

20n 
Residt s a n d Discussio n 

Regarding analysis 1: 

There were no statistically significant 

difference s o n 2-dimensiona l  comprehension ,  3 -

dimensiona l  comprehension ,  o r  architectura l 

genr e b y tex t  conditio n o r  b y expertise . 

Althoug h ther e wa s a  tren d favorin g th e 

expert s i n th e pre-tex t  conditio n fo r  al l  thre e 

measures ,  thi s effec t  wa s no t  larg e enoug h t o 

reac h statistica l  significance .  Th e conclusio n t o 

be mad e her e wa s that ,  whe n subject s wer e 

querie d regardin g thes e feature s o f  th e 

building ,  the y wer e abl e t o us e th e knowledg e 

the y ha d i n orde r  t o generat e inference s whic h 

allowe d the m t o correctl y answe r  th e 

e 

01 
In 

s 

c 
a 

n o tex t 
I D pretex t 

circulatio n structxir e descriptio n 

Figtu e 1 :  Tex t  effect s fo r  comprehensio n o f 
semanti c informatio n 
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Regardin g analysi s 3 :  (se e tabl e 2  an d 

figur e 2) : 

TABLE 2 

Multivariat e Analysi s fo r  Cross-Sections : 

Expert s versu s Novice s 

Multivariate F = .000 (Wilks) 

Univariate F-tests (1,37 dO 

Variabl e 

sectio n 1 : 

overal l 

specifi c 

sectio n 2 : 

overal l 

specifi c 

SS 

15.1 8 

26.7 9 

27.5 5 

45.5 2 

MS 

.76 6 

4.0 3 

.74 9 

4.1 6 

F 

19.8 2 

6.6 6 

36.7 5 

10.9 5 

sig .  o f  F 

0.000 * 

0.01 4 * 

0.000 * 

0.002 * 

*  significan t  i n multivariat e an d univariat e 

test s 

(1 j  novice s 

expert s 

CS.1:  overal l  c s 1  speciH c cs.2 :  overal l  cs.2 :  specifi c 
Figtire 2: Expertise effects for cross-sections 

T h e m o s t  interestin g o f  thes e effect s i s tha t 

ob ta ine d fo r  th e cross-sections .  A  larg e 

statisticall y significan t  mu l t i var ia t e effec t 

w as obtaine d b y th e exper t  g r o u p o n bo t h score s 

fo r  bo t h cross-sections .  Se e figur e 2 .  T h e s e 

effect s ar e ve r y interestin g i n tha t  a l t h o u g h 

ther e w e r e n o significan t  difference s i n th e 

conten t  o f  th e k n o w l e d g e d u e t o tex t  o r  expertis e 
when probe d fo r  2-dimensiona l  comprehensio n 

and 3-dimensiona l  comprehension ,  thes e stron g 

effect s yielde d fo r  th e cross-section s suggest s 

tha t  ther e i s a  larg e proces s differenc e favorin g 

th e expert s o n a  tas k requirin g th e 

transformatio n o f  2-dimensiona l  informatio n 

int o a  3-dimensiona l  depiction .  I t  i s  furthe r 

hypothesize d tha t  th e expert s emplo y 

inference-makin g operator s o n th e 2 -

dimensiona l  informatio n tha t  the y acquire d 

fro m informatio n source s give n i n orde r  t o 

construc t  a  3-dimensiona l  representatio n o f  th e 

building . 

Preliminar y analysi s o f  th e thin k alou d 

dat a suggest s tha t  th e larg e difference s 

observe d o n th e drawin g o f  cross-section s i s 

largel y du e t o th e us e o f  search ,  patter n 

recognition ,  an d inference-makin g processe s 

(Larki n &  Simon ,  1987 )  whic h wer e use d b y th e 

expert s durin g th e knowledg e acquisitio n 

phase .  Mor e specifically ,  fro m th e protocol s 

whic h hav e bee n analyzed ,  th e knowledg e 

acquisitio n phas e appear s t o b e a n iterativ e 

proces s whic h continue s unti l  th e learner' s 

menta l  mode l  i s complete ,  o r  s/h e ha s reache d 

an impasse .  Th e knowledg e acquisitio n proces s 

fro m th e architectura l  drawing s i s 

hypothesize d t o occu r  i n th e followin g manner . 

I n accordanc e wit h th e literatur e o n visua l 

perception ,  i t  i s  acknowledge d tha t  th e searc h 

proces s take s plac e i n tw o stage s (Arbi b e t  al. , 

1987 ;  Ullma n e t  al.,1988) ,  th e firs t  bein g a n 

effortless ,  paralle l  sca n o f  th e diagra m whic h 

i n thi s case ,  i s hypothesize d t o lea d t o th e 

classificatio n o f  a  buildin g type ,  i.e. ,  a  Moder n 

building .  Th e secon d stag e o f  searc h i s goal -

directe d an d serial ,  i n whic h expert s ar e likel y 

t o see k confirmatio n o f  thei r  classificatio n o f 

th e buildin g a s "Modern "  b y usin g informatio n 

fro m long-ter m memor y t o re-direc t  th e searc h 

proces s t o see k ou t  specifi c  feature s o f  "Modern " 

buildings ,  i.e. ,  free-standin g walls ,  columna r 

structure ,  rotatio n aroun d a  squar e grid ,  an d 

many glas s exterio r  walls .  I t  i s  hypothesize d 

tha t  thi s searc h an d knowledg e acquisitio n 

proces s take s plac e i n a n iterativ e fashio n unti l 
comprehensio n ha s bee n acquire d o n th e 

combinatoria l  basi s o f  th e graphics ,  knowledg e 

fro m long-ter m memory ,  an d inference s mad e o n 

th e tw o source s o f  knowledge .  Fo r  novices , 

lackin g th e domai n knowledg e t o eithe r 

correctl y classif y th e building ,  o r  lac k th e 

knowledg e o f  it s  definin g characteristics ,  th e 

searc h proces s i s muc h mor e random ,  leadin g t o 

a disjointe d menta l  model .  Furthermore ,  i t  i s 

hypothesize d tha t  th e novice s als o lac k th e 

461 



operator s u p o n whic h 2-dimensiona l 

informatio n fro m th e plan s i s constructe d int o a 

model  o f  th e building . 

Furthe r  dat a analysi s o f  th e on-lin e 

semanti c interpretatio n dat a i s necessar y i n 

orde r  t o furthe r  delineat e th e natur e o f  th e 

knowledg e acquisitio n process ,  a s wel l  a s t o 

determin e difference s i n strategie s whic h 

expert s an d novice s emplo y i n comprehendin g a 

3-dimensiona l  buildin g fro m it s plan s whic h 

ar e 2-dimensional . 
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