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Shiftin g Novices '  M e n t a l  Representation s o f  Text s T o w a r d Experts' : 

Diagnosi s a n d Repai r  o f  Novices '  M i s -  a n d Miss in g Concept ion s 

Bruce K. Britton and Pamela Tidwell 

Institute for Behavioral Research 

Universit y o f  Georgi a 

Athens ,  G A 3060 2 

(404 )  542-3094 ;  Email :  I B R @ U GA 

Abstract ^ 

Th e shap e o f  th e m e m o r y 

representatio n fo r  a  100 0 wor d tex t  wa s 

measure d fo r  th e text' s author ,  7 

independen t  subjec t  matte r  expert s an d 2 

group s o f  novice s ( N =  8 3 Ai r  Forc e 

recruits) .  T o measur e th e shapes ,  w e chos e 

th e 1 2 mos t  importan t  concept s fro m th e 

text ,  an d the n collecte d proximit y dat a o n al l 

possibl e pair s o f  them .  The n w e m a d e map s 

of  th e menta l  representation s fro m th e 

proximities .  I n Experimen t  1 ,  result s o f 

empirica l  test s o f  tex t  learnin g showe d tha t 

th e novices '  menta l  representation s afte r 

readin g th e Origina l  Versio n o f  th e tex t 

wer e correlate d onl y +. 1 wit h th e author' s 

or  experts '  representations .  Bu t  fo r  a 

Principle d Revisio n th e correlation s wer e 

abov e +.5 .  I n Experimen t  2 ,  th e proximit y 

dat a fro m Experimen t  1  wer e use d t o 

diagnos e specifi c  misconception s an d 

missin g conception s i n bot h th e Origina l  tex t 

and th e Prmciple d Revision .  Thi s reveale d 

unsuspecte d cognitiv e misconceptions ,  a s 

wel l  a s intrusion s o f  affectiv e an d attitudina l 

factor s int o th e novices '  menta l 

representations .  Thes e diagnose s wer e the n 

use d t o revis e bot h text s t o repai r  th e 

misconception s an d inser t  th e missin g 

conceptions .  Result s o f  empirica l  test s o f 

thes e revision s ( N =  16 0 Ai r  Forc e 

Recruits )  showe d tha t  novices '  correlation s 

wit h th e author' s an d experts ' 

representation s wer e shifte d clos e t o ceilin g 

( r  =  +  . 8 -  +  .9) .  Thes e result s sho w tha t 

novices '  menta l  representation s ca n b e 

shifte d t o correspon d wit h expert s b y usin g 

Thi s wor k wa s supporte d b y th e Learnin g Abilitie s 

Measuremen t  Projec t  a t  th e Ai r  Forc e H u m a n 

Resource s Laborator y unde r  A F O S R gran t  89 -

0515 .  W e acknowledg e indispensibl e assistanc e 

fro m Patric k Kyllone n an d Abraha m Tesser . 

our  method s t o diagnos e an d repai r  mis -

and missin g conceptions . 

The "shape" of the memory 

representation s tha t  ar e create d b y text s wa s 

investigated .  B y "shape "  w e m e a n th e configuratio n 

of  relation s betwee n th e concept s i n th e text .  Th e 

shap e i s  measure d b y askin g subject s t o rat e th e 

relatednes s o f  al l  possibl e pair s o f  importan t 

concept s fro m th e text .  Thi s yield s a  se t  o f 

proximit y measure s (i.e. ,  distanc e measures) ,  whic h 

ar e use d t o construc t  a  graphi c representatio n o r 

m ap o f  th e underlyin g menta l  structure .  Th e m a p 

represent s th e shap e o f  th e reader' s m e m o r y 

representation .  W e compar e eac h reader' s 

structur e t o th e structur e intende d b y th e text' s 

autho r  an d qualifie d expert s i n th e subjec t  matter . 

Th e resul t  provide s a  quantitativ e measur e o f  th e 

goodness-of-fi t  o f  th e readers '  structur e t o th e 

exper t  structure .  Sinc e thi s tes t  measure s cognitiv e 

structures ,  w e wil l  cal l  i t  th e Cognitiv e Structur e 

Test . 

Experiment 1: Comparing the Mental 

Representation s o f  Novices .  Expert s an d th e Text' s 

Autho r 

We measured the shape of mental 

representation s fo r  a  tex t  b y collectin g proximit y 

dat a o n th e importan t  concept s i n a  naturall y 

occurin g 100 0 wor d tex t  o n Ai r  Forc e histor y 

(Earhart ,  1978) . 

Method 

Th e proximit y dat a wer e collecte d a s 

follows :  (a )  T w o judge s chos e th e 1 2 mos t 

importan t  concept s fro m th e text ,  (b )  The n al l 

possibl e pair s o f  th e 1 2 concept s wer e constructe d 

-  6 6 i n all .  (c )  Sinc e thes e pair s represen t  al l 

possibl e relation s betwee n pair s o f  importan t 

concept s i n th e text ,  the y shoul d captur e al l  th e 

relation s betwee n importjm t  concepts ,  an d closel y 

approximat e a  collectio n o f  al l  th e importan t 

relation s i n th e text ,  (d )  Proximit y dat a wer e 
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of  Militar y Strategy .  Militar y Advisers ,  an d furthes t 

away.  Success .  Thos e familia r  wit h thi s perio d o f 

history ,  o r  wh o hav e rea d th e passage ,  (availabl e 

from  th e authors )  wil l  recogniz e thi s 

representation . 

Experiment 2: Diagnosing and Repairing Mis- and 

Missin g Conception s b v Revisin g th e Tex t 

I n thi s stud y w e successfull y use d thes e 

proximit y dat a t o revis e th e Ai r  Forc e Vietna m 

text ,  greatl y improvin g th e goodness-of-fi t  o f 

novices '  menta l  representation s t o th e author' s an d 

experts '  representation .  Fo r  expositor y 

effectiveness ,  w e repor t  th e result s first,  an d the n 

th e revisio n method .  Tabl e 2  show s th e results . 

The entrie s a t  th e lef t  replicat e th e result s i n th e 

tw o row s o f  Tabl e 1 . 

ttorti l  liila'~ ] 

KMoers o t  Jonflso n naiinisu-atio n 

fiotiert  itcwur j Psvcnoioqica i  i 
ErioiJati o 
Resoons c 
Slratea y 

Q n u a n A3»iser s | 

d-ejioti t  .£n;iso n 

Kilitar r  itratti T 

KllltiT Y MYiser s 

Figur e 2  -  Exper ts '  Pathf inde r 

Networ k 

The revisions were done in 5 sentences (of 

43 sentence s i n all )  o f  th e Origina l  an d Principle d 

Revisions .  Th e entrie s a t  th e right  o f  Tabl e 2  sho w 

tha t  thes e revision s ha d ver y larg e positiv e effect s 

on th e novices '  correlation s wit h th e author' s an d 

experts '  structure .  Thes e correlation s wer e s o clos e 

t o th e reliabilit y  o f  th e Cognitiv e Structur e Tes t 

tha t  a  ceilin g effec t  i s  probabl y present .  Thes e 

result s sho w tha t  ou r  technique s ca n b e use d 

successfull y t o shif t  novices '  menta l  representation s 

towar d experts' . 

H ow di d w e us e th e proximit y dat a t o decid e whic h 

revision s t o make ? 

To kno w wha t  t o revis e i n th e text ,  w e 

neede d t o know :  (a )  wha t  novice s kne w correctl y 

afte r  the y rea d th e text ;  i.c. ,  wha t  correc t 

conception s the y had ;  bu t  mor e importantl y (b ) 

what  the y kne w tha t  wasn' t  so ;  i.e. ,  wha t 

misconception s the y ha d afte r  readin g th e text ;  an d 

(c )  wha t  the y didn' t  kno w afte r  reading ;  i.e. ,  wha t 

missin g conception s the y had . 

Tabl e 2 

Corrclatioiu  of Four Rtmiit GrouK "iih Author's and 
Eltvcn i  Slnjcni/e s o n Coimiiiv t  Stnicrur e Tes t 

Original  Prinapled Original Principled 
Versio n Revisio n Versio n wii h Veisionwic h 

S Revisio n 5  Revisio o 

Aiulio r  .1 8 5 9 * 

Experts  22 .62' 

*]f  < JOS^ diCTercnl from its control 

XT 

S S' 

Sb' 

To ge t  thi s information ,  w e furthe r 

analyze d th e cognitiv e structur e dat a fro m 

Experimen t  1 .  W h e n w e looke d a t  th e novices ' 

networ k structur e fo r  th e Origina l  Versio n (Figur e 

3,  buil t  fro m th e proximit y dat a usin g Pathfinde r 

(Schvaneveldt ,  1990) )  w e wer e unabl e t o interpre t 

i t  plausibly .  S o w e bega n t o believ e tha t  th e 

Origina l  grou p migh t  contai n severa l  subgroups , 

each wit h a  somewha t  differen t  menta l 

representation .  I f  Figur e 3  wa s thos e differen t 

representation s superimpose d o n eac h other ,  th e 

resul t  woul d b e a  composit e o f  differen t  structure s 

rathe r  tha n a  tru e representatio n o f  th e centra l 

tendenc y o f  th e Origina l  group . 

So,  usin g facto r  analysis ,  w e looke d fo r 

subgroup s i n eac h conditio n wh o wer e correlate d 

wit h eac h other .  The n w e too k eac h subgroup' s 

subjects ,  an d looke d a t  thei r  structure .  Thes e 

structure s wer e muc h mor e interpretable ,  an d w e 

derive d ou r  revision s fro m the m fo r  th e presen t 

study . 

Identifyin g subgroup s b y facto r  analysis . 

We proceede d a s follows :  (a )  Fo r  th e 4 6 subject s 

who rea d th e Originj d Version ,  w e too k eac h 

subject' s vecto r  o f  6 6 responses ,  an d correlate d i t 

wit h th e vecto r  o f  eac h othe r  subjec t  wh o rea d th e 

Origina l  Version .  Thi s produce d a  larg e 

correlatio n matrbc ,  showin g whic h subject s wer e 

correlate d wit h eac h other ,  (b )  W e the n facto r 

analyze d thi s matrix ,  usin g th e individua l  subjec t  a s 
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collecte d b y havin g eac h subjec t  rat e th e 

"relatedness "  o f  eac h pai r  o f  concept s o n a  seven -

poin t  scale ,  r a n g b g f r o m "ver y closel y related "  t o 

"ver y distantl y related "  ( N =  8 3 A i r  Fo rc e Recruits) . 

Th i s i s  th e Cognit iv e Structur e Test ,  (e )  W i t h 

proximit y dat a fo r  al l  pair s o f  entities ,  a  m a p ca n b e 

m a de o f  th e configuratio n o f  relation s b e t w e e n th e 

entities ,  usin g a n y o f  a  variet y o f  algorithms ;  w e 

chos e n e t w o r k analysi s (Schvaneneldt ,  1990) . 

MMlier s  o f  Johnso n Uiinistratia n 

fresideni Jofinso n 

CWilia n iiiiit n Hilitar T 

RoDePt  \  \ 
KcKaaar a \Kanrel l  Taylo r 

\  Kilitar r 

\ 
Graouate d Res o nse Strateg y 

W»iser s 

Strateg y 

Psycnologica l 

(tollini )  munoe r 

Failur e 

F i gu r e 1 - 1 2 Te rm s U s e d i n 

Tes t 

Thes e proximit y dat a wer e collecte d fro m 

novice s fo r  tw o differen t  version s o f  th e text :  Th e 

Origina l  versio n an d a  Principle d Revisio n (derive d 

fro m th e Origina l  usin g th e Kintsc h an d V a n Dij k 

(1978 )  model ,  a s describe d i n Britto n &  Gulgoz , 

(i n press )  availabl e fro m th e firs t  author) .  Th e 

same Cognitiv e Structur e Tes t  wa s als o give n t o th e 

text' s autho r  ( a Histor y Professo r  a t  th e Ai r  Forc e 

Academy) ,  an d t o seve n independen t  expert s o n 

th e text' s subjec t  matte r  (a n ambassador ,  thre e 

militar y historians ,  etc. ) 

Th e 1 2 Terms .  T o clarif y th e characte r  o f 

th e test ,  th e conten t  o f  th e passag e i s her e 

describe d briefl y wit h th e term s use d i n th e tes t 

arrange d graphicall y i n Figur e 1  an d underline d 

here .  (Figur e 1  wa s no t  show n t o th e subjects) . 

The text s bega n b y describin g som e member s o f 

th e Johnso n Administration ,  includin g Presiden t 

Johnson ,  w h o ha d civilia n advisers ,  includin g 

Rober t  M c N a m a r a an d Maxwel l  Tavlor .  a s wel l  a s 

militar y advisers .  Th e militar y adviser s propose d 

th e militar y strategy ,  whic h wa s t o b o m b Nort h 

Vietna m ver y heavily .  T h e civilia n adviser s 

propose d instea d th e graduate d respons e strategy . 

whic h wa s t o b o m b Nort h Vietna m a  httl e an d the n 

paus e t o se e i f  tha t  ha d "broke n thei r  will" ;  i f  i t 

hadn't ,  th e bombin g woul d b e escalate d gradually . 

Sinc e th e focu s wa s o n breakin g th e Nort h 

Vietnames e will ,  thi s wa s describe d i n th e passag e 

as a  psychologica l  strategy .  Johnso n chos e th e 

graduate d respons e strategy ,  an d th e resultin g 

operatio n wa s code-name d Rollin g Thunder . 

Succes s an d failur e coul d b e attribute d t o th e 

variou s persons ,  poUcies ,  actions ,  an d consequence s 

i n th e passage . 

Results and Discussion 

Th e recruits '  6 6 rating s o f  relatednes s wer e 

correlate d wit h thos e o f  th e autho r  an d experts . 

Result s showe d that :  (a )  th e author' s an d expert' s 

representation s wer e inter-correlate d +.8 , 

indicatin g the y al l  ha d simila r  representations ;  (b ) 

recruit s w h o rea d th e Origina l  versio n correlate d 

onl y +.1 0 wit h th e autho r  an d expert s (Tabl e 1 , 

colum n 1) ;  an d (c )  recruit s w h o rea d ou r 

Principle d Revisio n correlate d abov e +  . 5 wit h th e 

author' s an d experts '  representations ,  indicatin g 

tha t  th e Revisio n ha d improve d th e qualit y o f  thei r 

menta l  representatio n (Tabl e 1 ,  colum n 2) ,  wher e 

"improve d quality "  mean s close r  correspondenc e t o 

th e author' s an d experts '  representation . 

Correlaliom of Two Recroit Groups with Auchor's aod 

Expcns '  Stnicnire s o n Cognitiv e Slnicnir c Tes t 

(Autho r  an d Expert s rea d Origina i  Version ) 

Origina l  Versio n Principle d Revisio n 

Autho r  .0 8 52 ' 
Exper t  .1 0 J 5 

•J <  jOS ,  differen t  from  Origina l 

Figure 2 shows the network structure 

create d f r o m th e averag e experts '  proximit y dat a b y 

th e Schvaneveld t  P a t h f m d e r  progrzmi .  I t  h a s th e 

G r a d u a t e d R e s p o n s e Strateg y i n th e center , 

su r rounde d b y a  starlik e patter n c o m p o s e d of :  (a ) 

th e variou s person s involve d i n tha t  strategy : 

Presiden t  Johnson .  Rober t  M c N a m a r a .  Maxwel l 

Taylor .  M e m b e r s o f  th e Johnso n Administration . 

and Civilia n Advisers :  (b )  it s mai n characteristi c -

tha t  i t  wa s Psychological :  an d (c )  it s consequenc e -

-  Rollin g Thunder ,  whic h wa s a  Failure .  Towar d 

th e peripher y o f  th e representatio n ar e th e notion s 
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th e uni t  o f  analysis .  Th e resul t  wa s tha t  w e ende d 

up wit h 3  subjec t  factor s (i.e. ,  eac h facto r  wa s 

inhabite d b y a  numbe r  o f  subjects) .  (Th e Scre e tes t 

was use d t o selec t  th e numbe r  o f  factors ;  a 

standar d varima x rotatio n wa s the n used ;  subject s 

who loade d abov e +.4 0 o n a  facto r  wer e 

considere d t o b e inhabitant s o f  tha t  factor. )  (c ) 

The subgrou p o f  subject s wh o loade d abov e +  .4 0 

on an y facto r  wer e the n segregate d fro m th e res t  o f 

th e subjects ,  int o a  facto r  o f  thei r  own .  (d )  The n 

fo r  eac h facto r  separately ,  w e average d th e 

subgrou p o f  subjects '  response s fo r  eac h item , 

producin g a n averag e vecto r  fo r  tha t  factor ,  6 6 

item s long ,  representin g th e cognitiv e structur e 

characterizin g tha t  factor ,  (e )  W e als o di d step s a 

throug h d  fo r  th e 3 7 subject s wh o ha d rea d th e 

Principle d Revision ,  (f )  W e no w ha d th e menta l 

structur e fo r  eac h subjec t  factor ,  fo r  si x factor s i n 

all ,  includin g thre e factor s fo r  eac h text . 

CiYilia n AdYiser s 

Psycnoloqica i 

M o c c n o f 
Jolvtsa n 

Miiniitratio n i<ai«i l  rsYio r 

!  lUIitar ^  StraieJ T 

rffjiaei t  umnso n 
KiiiUT T noviser j 

itoer t  HcNaur a 

StratW T I 

Ifaiiuft i 

Figure 3 - Original Version 

Readers '  Pathf inde r  Network . 

The nex t  questio n was :  Wha t  knowledg e 

structure s d o thes e factor s represent ? Th e firs t 

answer  wa s easy :  surel y som e factor s mus t  b e 

simila r  t o th e author' s o r  experts '  structiu-e .  T o tes t 

this ,  w e correlate d th e strin g o f  6 6 number s fo r 

eac h facto r  wit h th e author' s an d experts '  structure , 

yieldin g th e result s show n i n Tabl e 3 . 

Tible 3 
CorrcUtioi u o f  Facto r  Score s i n Group s wit h Autho r  an d Ezper u 

OrJBMl  Ytnia a Princinlt d Rcvjiio n 
Facto n Fado n 

1 2 3  1 2 3 

n-1 4 o- a a- 9 n- U n-l l  n> 6 

Autho r  -.1 0 J 7 .47 *  .77 '  J5 '  -.1 5 

Eiper u -0 0 2 1 JO *  .77 *  .41 *  -.1 8 

•p < .05, diOercni from r • a 

It was no siu-prise that the author's and 

experts '  structur e w a s foun d a s Facto r  1  -th e 

larges t  factor -  i n th e Principle d Revision .  Bu t  w e 

als o foun d th e experts '  structur e a s Facto r  3  i n th e 

Origina l  Version ,  albei t  a s th e facto r  wit h th e 

smalles t  n u m b e r  o f  subject s o f  th e thre e factors . 

M o r e o v e r ,  thos e t w o factor s — th e t w o correlate d 

wit h th e autho r  a n d expert s -  w e r e als o highl y 

correlate d wit h eac h othe r  (i.e. .  Origina l  Facto r  3 

an d Principle d Facto r  1  w e r e correlate d +  .7 6 wit h 

eac h other )  indicatin g tha t  bo t h o f  thos e factor s 

ha d approximatel y th e s a m e piece s o f  th e author' s 

an d experts '  structure . 

Identifyin g misconception s an d missin g 

conceptions .  Wha t  w e neede d t o kno w m orde r 

properl y t o revis e th e tex t  fo r  th e subject s m an y 

facto r  wa s this :  O n whic h concept s di d the y deviat e 

greatl y fro m th e experts '  structure ? Thos e 

concept s woul d represen t  misconceptions ,  o r 

missin g conceptions ,  an d thes e w e shoul d 

specificall y addres s i n ou r  revision ,  i n orde r  t o 

repai r  thos e novices '  fault y representations . 

We identifie d eac h factor' s mis -  an d 

missin g conception s b y dividin g eac h factor' s strin g 

of  6 6 number s int o 1 2 equa l  parts .  Eac h par t 

represent s th e structur e fo r  on e o f  th e 1 2 concepts . 

Figur e 4  show s thi s graphicall y fo r  on e concep t  o n 

whic h th e subject s i n Facto r  1  o f  th e Principle d 

Grou p wer e ver y simila r  t o th e expert s (Graduate d 

Respons e Strategy) ,  an d Figur e 5  show s i t  fo r  on e 

concep t  o n whic h Facto r  3  o f  th e Origina l  Grou p 

was dissimila r  t o th e expert s (McNamara) .  (Thes e 

figure s hav e th e 1 2 term s abbreviate d alon g th e 

side ,  an d th e ratin g scal e tha t  subject s use d i s 

shown alon g th e bottom .  Eac h plotte d poin t 

represent s th e averag e relatednes s ratin g betwee n 

th e ter m show n m th e titl e o f  th e figur e an d th e 

correspondin g ter m alon g th e side .  Missin g i n eac h 

figur e i s th e relatednes s ratin g betwee n th e ter m i n 

th e figure' s titl e an d itself. ) 

The firs t  tw o panel s i n eac h figur e sho w 

th e patter n separatel y fo r  th e expert s an d th e 

novices ;  th e thir d pane l  show s th e pattern s 

superimpose d t o sho w th e similarit y an d 
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Figur e 4 

Cognitiv e Structure s fo r  "Graduate d Respons e 

Strategy "  i n Exper t  Grou p an d Facto r  1  o f  Principle d 

Revisio n Group ;  Superimpositio n Show s 

Simila r  Conception s 

EXPERTS GRADUATED RESPONSE STRATEGY 

Memb J .  Admin . 

Pres .  J . 

Taylo r 

McNam 

CivAd v 

MilAd v 

psyc h 

Grad R  S t 

Rol l  Thu n 

Succes s 

Failur e 

m Stra t 

Figur e 5 

Cognitiv e Structure s fo r  "Rober t  McNamara "  i n 

Exper t  Grou p an d Facto r  3  o f  Origina l  Group ; 

Superimpositio n Show s Dissimila r  Conception s 

EXPERTS ROBERT MCNAMARA 

Memb J .  Admin ; 

Pres .  J .  • 

Taylo r  • 

McNam 

CivAd v 

Mil  Ad v 

psyc h 

Grad R  S t 

Rol l  Thu n • 

Succes s • 

Failur e • 

Mil  Stra t  • 

K 

1 2 3  4  5  6  7 

FACTOR 1  PRINCIPLE D REVISIO N GROUP 

Memb J .  Admin. -

Pres .  J .  • 

Taylo r 

McNam 

Civ Ad v 

Mil  Ad v 

psyc h 

Grad R  St 

Rol l  Thu n 

Succes s 

Failur e 

Mil  Stra t 

1 2  3  4  5  6  7 

FACTOR 3 ORIGINAL GROUP 

Memb J .  Admin. -

Pres .  J .  • 

Taylo r  • 

McNam • 

CivAd v • 

MilAd v • 

psyc h • 

Grad R  S t  • 

Rol l  Thu n • 

Succes s ' 

Failur e • 

Mil  Stra t  • 

\ 

1 2  3  4  5  6  7 1 2 3  4  5  6  7 

Memb J .  Admin. -

Pres .  J .  • 
Taylo r 

McNam 
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dissimilarity ,  respectively .  Th e correlatio n betwee n 

novice s an d expert s (n=l l  terms )  fo r  Graduate d 

Respons e Strateg y wa s +  .87 ,  fo r  M c N a m a r a i t  wa s 

-.66 .  Obviously ,  thes e subject s hav e misconception s 

abou t  M c N a m a r a .  Moreover ,  w c ca n rea d of f  th e 

figures  wha t  thos e misconception s are . 

Th e result s o f  al l  1 2 o f  thes e analyse s 

showe d tha t  th e novices '  representation s fo r 

M c N a m a ra an d fo r  Taylo r  wer e grossl y discrepan t 

fro m th e experts' .  S o fo r  ou r  revision s w e chos e 

sentence s mentionin g thos e tw o terms . 

Our  analysi s o f  al l  th e factor s i n Tabl e 3 

proceede d i n th e sam e way .  Th e recruit s i n tw o o f 

th e factor s (on e facto r  i n eac h group )  though t  th e 

whol e operatio n wa s a  resoundin g success ,  perhap s 

revealin g a n intrusio n o f  affectiv e an d attitudina l 

factor s du e t o thes e recruit s bein g i n thei r  elevent h 

day o f  Ai r  Forc e Basi c Training .  S o th e term s 

"success "  an d "failure "  wer e als o chose n fo r  revisio n 

t o hel p thi s grou p o f  novice s wit h thei r 

representations .  Th e final  tw o factor s indicate d 

additiona l  misconception s fo r  "militar y advisers " 

an d "civilia n advisers, "  an d s o th e sentence s 

involvin g thos e term s wer e als o revise d accordingly . 

As i t  turne d out ,  al l  thes e revision s coul d b e don e 

i n 5  o f  th e 4 3 sentence s i n th e text .  Th e result s o f 

tha t  stud y hav e bee n show n i n Tabl e 2 . 

Conclusion s 

Thes e studie s sho w tha t  novices ' 

representation s ca n b e shifte d towar d experts '  b y 

repairin g novices '  mis -  an d missin g conceptions . 

Thi s wa s don e b y usin g th e Cognitiv e Stuctur e Tes t 

t o identif y mis -  an d missin g conceptions .  A  sid e 

benefi t  i s  tha t  th e problemati c conception s ca n b e 

specifie d a t  a  grai n siz e tha t  i s th e sam e a s th e 

grai n siz e o f  appropriat e revisions ,  i.e. ,  a t  th e grai n 

siz e o f  tex t  sentence s tha t  mentio n th e concepts . 

Thi s technolog y fo r  improvin g instructiona l  text s 

appear s t o b e widel y applicable . 
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