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F r o m d e e p t o supe r f i c i a l  c a t e g o r i z a t i o n w i t h i n c r e a s i n g e x p e r t i s e 

T h o m as C .  O r m e r o d 
Lancaste r  University ,  U K . 

T . O r m e r o d @ l a n c a s t e r . a c . u k 

Catherin e O .  Frit z 
Bolto n Institute ,  U K . 

c o f l @ b o l t o n . a c . u k 

Abstract 

James Ridgwa y 
Universit y o f  Durham ,  UK . 

j  i m r i d g w a y S d u r h a m . a c . u k 

An experimenta l  stud y o f  tas k desig n expertis e i s reporte d wherei n a  .se t  o f  1 2 mathematic s task s wer e sorte d b y 
specialis t  designer s o f  mathematic s task s an d b y experience d mathematic s teacher s withou t  specialis t  desig n experience . 
Contrar y t o th e frequen t  findin g o f  increasin g conceptua l  dept h wit h increasin g expertise ,  conceptua l  dept h di d no t  diffe r 
betwee n groups .  Teacher s sorte d o n th e basi s o f  mathematica l  conten t  earlie r  tha n designers ,  an d wer e mor e specifi c  i n 
thei r  content-base d categories .  Designer s produce d mor e sort s tha n teacher s an d wer e mor e individualisti c i n thei r 
sorting .  Thes e findings  sugges t  tha t  domai n expertis e doe s no t  necessaril y  impai r  creativ e proble m solving ,  a s ha s bee n 
suggeste d i n othe r  studies .  Instead ,  expertis e include s th e abilit y  t o shif t  perspective s wit h respec t  t o th e domain . 

One o f  th e basi c phenomen a o f  skille d performanc e i s a n 
increasin g conceptua l  dept h a t  whic h domai n knowledg e i s 
mentall y represented .  Expert s ar e abl e t o cal l  upo n abstrac t 
and generalizabl e representations ,  suc h a s schemata ,  whic h 
the y subsequentl y adap t  t o mee t  curren t  tas k demands . 
Typically ,  thes e representation s embod y fundamenta l 
principle s tha t  captur e significan t  an d usefu l  commonalitie s 
among domai n problems .  I n contrast ,  novice s rel y upo n 
shallo w representation s tha t  focu s upo n superficia l  feature s 
of  th e domai n o r  task .  Fo r  example ,  McKeithen ,  Reitman , 
Ruete r  &  Hirtl e (1981 )  investigate d recal l  b y intermediat e 
and novic e programmers .  Intermediate s recalle d 
programmin g term s i n a n orde r  tha t  suggeste d organisatio n 
by algorith m o r  function ,  wherea s novices '  recal l  order s 
reflecte d superficia l  relations ,  nicel y illustrate d b y th e recal l 
chun k o f  th e term s "bits" ,  "o f  an d "string" .  Simila r 
expert/novic e difference s hav e bee n foun d i n man y domains , 
suc h a s computin g system s (Doane ,  Pellegrin o &  Klatzky , 
1990) ,  physic s (Chi ,  Feltovitc h &  Glaser ,  1981) ,  geometr y 
(Koedinge r  &  Anderson ,  1990 )  an d experimenta l  desig n 
(Schraagen ,  1993) .  Wher e exper t  performanc e i s base d o n 
dee p representations ,  i t  i s  characterise d b y th e rapi d 
recognitio n o f  proble m state s an d th e structure d developmen t 
of  solution s followin g a  predetermine d pattern . 

Whil e a  dee p conceptua l  representatio n confer s man y 
advantages ,  ther e ma y b e situation s wher e th e re-us e o f 
establishe d domai n knowledg e i s insufficien t  o r 
inappropriate .  Fo r  example ,  Adelso n (1984 )  presente d exper t 
and novic e programmer s wit h abstrac t  (output-oriented )  o r 
concret e (step-by-step )  progra m flowchart s prio r  t o 
participant s answerin g abstrac t  o r  concret e question s abou t 
progra m code .  Sh e foun d tha t  expert s mad e fewe r  error s tha n 
novice s whe n th e leve l  o f  abstractio n o f  flowchart  an d 
questio n matched .  However ,  wher e a n abstrac t  flowchart 
prime d a  concret e question ,  novice s outperforme d experts . 
The sourc e o f  thi s effec t  appear s t o b e th e misapplicatio n b y 
expert s o f  conceptua l  knowledg e prime d b y th e abstrac t 
flowcharts.  Mor e recently ,  Wile y (1998 )  ha s show n tha t 
primin g o f  domai n knowledg e ca n impai r  performanc e i n a 
remot e associate s task ,  i n whic h participant s ar e presente d 
wit h thre e words ,  suc h a s plate ,  broke n an d sho t  ,  an d ar e 
require d t o generat e a  fourt h word ,  suc h a s glass ,  tha t  form s 
a familia r  phras e wit h eac h o f  th e thre e presente d words . 

Basebal l  prime s impaire d performanc e o n trial s wher e onl y 
th e firs t  wor d fit s  a  basebal l  them e (e.g. ,  hom e plate) . 

Thes e studies ,  combine d wit h othe r  demonstration s o f 
impaire d exper t  performance ,  encourag e a  vie w tha t  expert s 
ar e unabl e t o 'tur n of f  thei r  dee p domai n knowledg e whe n i t 
i s  inappropriat e fo r  tas k performance .  However ,  i t  migh t  b e 
argue d tha t  thes e demonstration s ar e artefactual .  I n thes e 
studies ,  experts '  skill s  ar e systematicall y undermined ,  eithe r 
by domai n priming ,  a s i n Wiley' s (1998 )  study ,  o r  b y havin g 
the m perfor m a  tas k tha t  typifie s novic e problem-solvin g 
behaviour ,  a s i n Adelson' s (1984 )  study .  On e migh t  argu e 
tha t  th e messag e o f  thes e studie s i s simpl y tha t  expert s mak e 
poor  novices .  Whethe r  ther e ar e case s o f  realisti c domai n 
activitie s wher e th e presenc e o f  dee p conceptua l  knowledg e 
impair s exper t  performanc e remain s t o b e demonstrated . 

Of  particula r  interes t  t o th e curren t  researc h i s Wiley' s 
(1998 )  suggestio n tha t  domai n knowledg e ca n sometime s ac t 
t o inhibi t  creativ e problem-solving .  Desig n i s a  creativ e 
problem-solvin g activit y wher e a  cas e migh t  b e mad e fo r 
expertis e involvin g mor e tha n re-us e o f  conceptua l 
knowledge .  Desig n ha s bee n studie d extensivel y (e.g. ,  Goe l 
& Pirrolli ,  1989) ,  an d evidenc e ha s accumulate d showin g th e 
same kind s o f  conceptua l  representatio n underlyin g exper t 
desig n tha t  ar e foun d i n othe r  domain s o f  expertis e (e.g. , 
Visser ,  1991) .  However ,  th e applicatio n domain s o f  thes e 
studie s (architecture ,  engineerin g an d softwar e design )  ar e 
constrained ,  eithe r  b y technolog y o r  b y th e desig n brie f  o r 
context ,  suc h tha t  highl y origina l  solution s ar e th e exceptio n 
rathe r  tha n th e rul e (se e Goel ,  1994 ,  fo r  a  usefu l  expositio n 
on th e natur e o f  desig n constraints) .  W h e n originalit y i s th e 
primar y concern ,  prio r  knowledg e ma y b e les s efficacious , 
perhap s leadin g t o desig n fixatio n (Jansso n &  Smith ,  1991) . 

The developmen t  o f  instructiona l  task s present s a n 
interestin g tes t  cas e o f  creativ e design ,  an d i s th e focu s o f  th e 
curren t  study ,  conducte d a s par t  o f  a  wide r  investigatio n int o 
th e natur e o f  tas k desig n expertis e funde d b y th e U K 
Economi c an d Socia l  Researc h Council .  Change s i n 
educationa l  practice ,  suc h a s increasin g us e o f  problem-base d 
teaching ,  plac e a n emphasi s o n creativit y i n tas k design .  Thi s 
i s magnifie d b y th e nee d fo r  task s tha t  ar e motivatin g fo r 
students ,  an d tha t  addres s curriculu m an d assessmen t  goal s 
withou t  disenfranchisin g minorit y groups . 

We hav e recentl y carrie d ou t  a  stud y (Ormero d an d Fritz , 
1999 )  i n whic h w e analyse d verba l  protocol s o f  designer s 
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developin g nove l  task s t o appea r  i n Englis h a s a  Foreig n 
Languag e (EFL )  textbook s Th e protocol s o f  specialis t 
designers ,  experience d author s o f  E F L textbooks ,  wer e 
typifie d b y th e earl y depth-firs t  developmen t  o f  niullipl e tas k 
ideas ,  prio r  t o a  phas e i n whic h a  singl e ide a wa s dcvelDpci l 
i n breadth .  I n contrast ,  th e protocol s o f  non-specialisis , 
experience d E F L teacher s withou t  specialis t  tas k desig n 
experience ,  revea l  a n initia l  phas e i n whic h a  singl e generi c 
tas k wa s develope d i n breadt h an d subsequentl y instantiate d 
i n depth .  Th e earl y depth-firs t  wor k o f  specialist s allowe d 
the m t o generat e an d tes t  alternativ e tas k idea s t o a  poin t 
wher e tas k feasibilit y  coul d b e evaluate d befor e choosin g 
one t o develo p mor e completely .  Th e tas k generatio n o f  non -
specialist s appear s constraine d b y thei r  applicatio n o f  a  pre -
determine d 'schema '  embodyin g a  generi c tas k structure . 
Althoug h i t  i s  difficul t  t o asses s objectively ,  th e specialists ' 
task s appea r  mor e origina l  tha n thos e o f  th e non-specialists , 
whose task s wer e strongl y base d o n popula r  E S L textbooks . 
Thi s i s supporte d b y protocol s i n whic h non-specialist s refe r 
t o c o m m o n E S L tas k type s (e.g. ,  'information-gap') . 

What  i s th e sourc e o f  creativit y i n tas k desig n show n b y 
specialists ? Th e non-specialists '  behavio r  appear s consisten t 
wit h Wiley' s (1998 )  suggestio n tha t  conceptua l  knowledg e 
can impai r  creativ e problem-solving .  So ,  w h y doe s i t  no t 
impai r  tha t  o f  specialis t  tas k designers ? I t  i s  possible ,  thoug h 
unlikely ,  tha t  specialist s d o no t  hav e th e dee p conceptua l 
representation s o f  task s tha t  E S L teacher s develop . 
Alternatively ,  i t  m a y b e tha t  specialist s acquir e strategi c 
knowledg e tha t  enable s the m t o bypas s th e applicatio n o f 
conceptua l  domai n knowledg e wher e necessary ,  o r  tha t  the y 
acquir e alternativ e conceptua l  structure s tha t  tak e precedenc e 
ove r  principles-base d conceptua l  knowledg e i n desig n 
contexts .  Th e stud y reporte d i n th e remainde r  o f  thi s pape r 
set  ou t  t o explor e thes e hypotheses . 

The study 
One approac h t o explorin g expertis e i s th e sor t  metho d 

(e.g. ,  Hoffman ,  Shadbolt ,  Burto n &  Klein ,  1995) .  I n thi s 
method ,  participant s ar e give n set s o f  domai n ite m 
descriptions ,  an d ar e require d t o sor t  thes e int o categorie s 
accordin g t o on e o r  mor e dimension s tha t  ar e significan t  t o 
them .  B y examinin g th e natur e o f  th e sort s produce d (e.g. , 
th e dimension s use d t o defin e categories ,  assignmen t  t o 
categorie s an d th e orde r  i n whic h dimension s ar e produced) , 
one ca n infe r  somethin g abou t  participants '  menta l 
representation s o f  conceptua l  knowledge .  Ch i  e t  a l  (1981 ) 
used th e sor t  metho d t o explor e expert/novic e difference s i n 
conceptua l  representatio n o f  physic s knowledge .  The y foun d 
tha t  sort s produce d reflecte d a  deep/superficia l  distinction , 
wit h expert s sortin g accordin g t o underlyin g principle s an d 
novice s sortin g accordin g t o surfac e feature s o f  physic s 
problems .  Similarly ,  Schoenfiel d &  Herma n (1982 )  use d th e 
sor t  metho d t o investigat e mathematic s expertise ,  agai n 
replicatin g th e deep/superficia l  distinction .  Th e sor t  metho d 
has bee n use d t o explor e othe r  form s o f  expertis e suc h a s 
programmin g (Davies ,  Gilmor e an d Green ,  1995) , 
Archeolog y (Burton ,  Shadbolt ,  Rug g &  Hedgecock ,  1990) . 
and engineerin g desig n (Ormerod ,  R u m m er  &  Ball ,  i n press) . 

The presen t  stud y use d th e sor t  metho d t o investigat e 
expertis e i n th e desig n o f  mathematic s tasks .  Becaus e w e 
wer e no t  intereste d i n studyin g mathematica l  expertis e pe r 

se,  whic h generall y occur s alongsid e expertis e i n th e desig n 
of  mathematica l  tasks ,  i t  wa s importan t  tha t  ou r  exper t  an d 
non-exper t  group s b e wel l  matche d wit h respec t  t o thei r 
educatio n an d experienc e wit h mathematics .  W e selecte d 
specialis t  designer s o f  assessmen t  item s fo r  Englis h e x a m 
board s a s ou r  exper t  group .  Mathematic s teachers ,  wit h 
equivalen t  educationa l  an d teachin g backgrounds ,  serve d a s 
our  non-exper t  group .  Becaus e domai n conten t  varie s 
considerabl y dependin g upo n schoo l  year ,  w e targete d 
GCSE-leve l  mathematic s (equivalen t  t o th e middl e o f  hig h 
school) .  Bot h th e designer s an d th e teacher s worke d 
primaril y a t  th e G C S E level .  Th e card s t o b e sorte d eac h 
containe d a  tas k fro m th e prio r  year' s G C S E exam s (e.g. . 
Figur e 1) ,  s o a s t o b e realisti c an d familia r  t o bot h groups . 

We wer e intereste d t o se e whethe r  teacher s an d designers , 
bein g wel l  matche d o n mos t  dimension s othe r  tha n actua l 
desig n expertise ,  woul d perfor m th e car d sort s differently .  I f 
designers ,  mor e tha n teachers ,  ar e fixed  i n thei r  concept s 
regardin g tasks ,  the n w e woul d expec t  t o find  designer s 
producin g fewe r  sort s tha n teachers .  Unles s tas k desig n i s 
idiosyncratic ,  designer s migh t  als o b e expecte d t o b e mor e 
simila r  t o on e anothe r  tha n teachers .  O n th e othe r  hand ,  i f 
designer s benefi t  fro m greate r  flexibility  i n thei r  approac h t o 
tasks ,  the n the y shoul d produc e mor e sort s an d b e les s fixed 
i n thei r  assignmen t  o f  task s t o conceptua l  categories .  Unlik e 
othe r  sor t  studie s (e.g. ,  Ch i  e t  al ,  1981 ;  Schoenfel d & 
Herrmann ,  1982 )  w e di d no t  specif y th e sor t  dimension s o r 
th e pre-classif y task s accordin g t o conceptua l  level .  O u r 
interes t  lie s i n th e sort s tha t  participant s produc e 
spontaneousl y t o reflec t  thei r  o w n choic e o f  dimensions . 

Method 

Participants 
Participant s include d 2 0 GCSE-leve l  mat h teacher s fro m 

Northwes t  Englan d an d 1 4 G C S E tas k designer s fro m 4 
differen t  exa m boards .  Th e designer s wer e als o experience d 
i n teachin g mathematic s wit h 4-1 0 year s experienc e i n 
designin g task s fo r  G C S E examinations . 

Materials 
Twelv e G C S E task s wer e selecte d fro m th e M E G an d 

N E AB 199 6 exams ,  an d wer e reduce d t o fit  o n A 5 car d (a s i n 
Figur e 1) .  Th e task s wer e selecte d t o b e representativ e o f  th e 
exams a s a  whole ,  whil e stil l  bein g reasonabl y relate d t o 
othe r  task s i n th e set .  Task s wer e selecte d fro m al l  thre e 
exa m level s (lower ,  intermediate ,  an d higher) . 

Design and Procedure 
Expertis e wa s a  between-participant s facto r  wit h tw o 

levels ,  designer s an d teachers .  Th e stud y wa s conducte d i n 
th e for m o f  a n intervie w betwee n experimente r  an d 
participant .  Eac h participan t  wa s interviewe d individuall y 
fo r  approximatel y on e hour .  Al l  participant s receive d th e 
task s approximatel y on e wee k prio r  t o thei r  interview s s o 
tha t  the y coul d loo k the m ove r  a t  thei r  leisure .  Th e 
interview s bega n wit h participant s givin g a n accoun t  o f  thei r 
teachin g o r  desig n trainin g an d experience .  Th e sor t  an d 
anothe r  relate d activit y wer e counter-balance d wit h respec t 
t o orde r  betwee n participants .  Fo r  th e sort ,  th e experimente r 
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the n demonstrate d th e sor t  activity ,  sortin g a  se t  o f  iiiamnia l 
names twic e unde r  exampl e dimension s suc h a s ferocit y an d 

attractiveness ,  whil e givin g a  verba l  accoun t  o f  he r  reason s 
fo r  choosin g eac h dimension ,  categor y an d assignment . 

Participant s wer e instructe d "I' d lik e fo r  yo u t o organis e 

thes e task s int o groups ,  mor e o r  les s a s I'v e jus t  don e wit h th e 
animals .  Y o u ca n m a k e a s m a n y o r  a s fe w group s a s yo u 
choose .  Sor t  i n way s tha t  ar e usefu l  an d meaningfu l  t o yo u 
as a  professional .  Al l  o f  th e task s ar e different ,  bu t  sor t  the m 
base d upo n th e commonalitie s tha t  yo u identify ,  tha t  is ,  h o w 
the y fal l  int o differen t  categorie s fo r  a  particula r  dimensio n 
of  you r  choice .  "  Participants '  verbalization s wer e recorded , 
alon g wit h a  recor d o f  th e tas k grouping s derive d fro m eac h 
sort .  W h e r e th e participant' s verba l  repor t  ha d no t  alread y 
reveale d sufficien t  informatio n concernin g th e dimension s 
an d categorie s o f  a  sort ,  th e experimente r  indicate d eac h o f 
th e group s i n turn ,  askin g "Wha t  make s thes e for m a 
group?" .  W h e n al l  categorie s wer e describe d b y th e 
participant ,  th e experimente r  aske d "I s  ther e som e overal l 
them e o r  explanatio n t o th e w a y thes e hav e bee n grouped? " 
Afte r  eac h sor t  th e task s wer e shuffled ,  an d th e participan t 
was aske d t o produc e anothe r  sor t  unde r  a  differen t 
dimension .  Participant s wer e encourage d t o continu e wit h 

furthe r  sort s fo r  a s m a n y dimension s a s the y coul d 
reasonabl y form . 

Results 

Designer s produce d reliabl y mor e sort s tha n teachers . 
(Designer s mea n =  4. 2 ,  sd=0.77 ,  teacher s =  3.5 ,  sd=1.05) , 
t(33)=2.17 ,  p=.037 .  A  hierarchica l  cluste r  analysi s o f  th e 
participant s wa s ru n usin g Euclidea n distance s an d a 
complet e linkag e procedure .  Fo r  eac h participant ,  eac h tas k 
pai r  wa s assigne d a  scor e calculate d a s th e percentag e o f 
time s tha t  th e pai r  wa s assigne d t o th e sam e grou p b y tha t 
participant .  Thus ,  i f  tw o task s wer e alway s groupe d togethe r 
by on e participant ,  the n th e scor e fo r  tha t  pai r  fo r  tha t 
participan t  woul d b e 100% .  I f  tw o task s wer e neve r  groupe d 
together ,  th e scor e woul d b e zero .  I f  th e participan t  produce d 
fou r  sort s an d th e tw o task s wer e groupe d togethe r  i n on e 
sor t  bu t  wer e no t  togethe r  i n an y o f  th e others ,  th e scor e 
woul d b e 2 5 % .  Th e cluster s tha t  emerge d fro m th e analysis , 
usin g a  reasonabl e cutoff ,  include d si x pair s o f  designers ,  1 
pai r  o f  teachers ,  an d 4  large r  group s (Ns=5,4,3,3 )  containin g 
teacher s wit h a  singl e designer .  Ther e wer e n o instance s o f 
designer s formin g cluster s large r  tha n a  pair . 

M EG Pape r  5 ,  199 6 

lO.Tw o photograph s o f  a  yach t  ar e picture d 
t o th e right. 

Photograph B is an enlargement of 

photograp h A . 

Photograp h A  ha s widt h 5. 5 c m an d 

photograp h B  ha s widt h 8. 8 cm . 
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(a )  (i )  Fin d th e scal e facto r  o f  th e enlargement .  Giv e you r  answe r  i n for m 

and q ar e whol e numbers .  Answe r  (a )  (i ) 

£wher e 
q 

I n photograp h A  th e sai l  o f  th e yach t  i s a  triangl e wit h on e sid e 4  c m an d on e angl e 4 2 ° . 

(ii )  Fin d th e lengt h o f  th e correspondin g sid e o f  th e sai l  o n photograp h B . 

Answer  (a )  (ii ) 

(iii) Write down the size of the corresponding angle on photograph B. 

Answer  (a )  (iii ) 

(b )  calculat e th e height ,  n ,  o f  th e mas t  o f  th e yach t  i n photograp h A. 

Answer  (b ) 

cm 

cm 

For 
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(2 ) 

(3) 

(1) 

(3) 

Figur e 1 .  A n exampl e o f  a  G C S E Mathematic s tas k use d i n th e stud y ( © M E G examinatio n board ,  U K ) . 

Designer s an d teacher s use d m a n y o f  th e sam e dimensions , 
but  on e interestin g differenc e wa s tha t  m a n y teacher s 
identifie d 'thinking '  task s a s a  categor y wherea s designer s 
identifie d 'open '  task s a s a  category .  (Se e Tabl e 1. )  I n 
addition ,  designer s wer e mor e likel y t o sor t  o n th e basi s o f 
th e leve l  o f  th e task s tha n wer e teachers ,  an d produce d 'open' , 
'thinking '  an d 'level '  sort s earlie r  tha n th e teachers . 

Al l  participant s excep t  on e teache r  include d a t  leas t  on e 
sor t  base d o n th e mathematica l  conten t  o f  th e tasks .  Al l  1 9 
teacher s w h o produce d a  content-base d sort ,  produce d i t  a s 

thei r  first  sort .  Nin e o f  th e 1 5 designer s le d wit h a  content -
base d sort ,  bu t  m a n y designer s bega n b y sortin g o n th e basi s 
of  leve l  an d referre d t o mat h conten t  i n th e late r  sorts .  Thi s 
differenc e i s  reliable ,  U=85.5 ,  p=.048 .  Th e numbe r  o f  mat h 
conten t  sort s di d no t  diffe r  reliably .  Designer s produce d a n 
averag e o f  4. 8 group s (sd=1.01 )  an d teacher s produce d 5. 3 
group s o n averag e (sd=1.06) ,  t(32)=1.43 ,  p>.05 . 

Nevertheless ,  i t  wa s apparen t  fro m cluste r  analysi s tha t 
ther e wer e difference s i n th e way s tha t  designer s an d 
teacher s sorte d th e tasks .  (Se e Figur e 2. )  Thi s cluste r 
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analysis ,  agai n usin g hierarchica l  clustering ,  Euclidea n 
distances ,  an d a  complet e linkag e procedure ,  wa s ru n usin g 
onl y th e participants '  mat h content-base d sort .  (Fou r 
teacher s provide d mor e tha n on e content-base d sort ;  w e usi- d 
onl y th e first  content-base d sor t  fro m eac h o l  ilics c 
participants. )  Th e linkag e distance s d o no t  sho w a  marke d 
increase ,  use d t o sugges t  a  cutof f  fo r  acceptin g clusters ,  unti l 
near  th e en d o f  th e run ,  a t  approximatel y 4.8 .  Whethe r  usin g 
tha t  cutoff ,  o r  n o cutof f  a t  all ,  i t  i s  eviden t  tha t  ther e ar e tw o 
mai n cluster s forming ,  an d tha t  thos e cluster s ar e specialis t 
designer s o n th e on e hand ,  an d teacher s o n th e other . 
Designer s an d teacher s wer e sortin g th e task s differently . 

Detaile d examinatio n o f  th e categorie s an d categor y 
members assigne d b y th e tw o group s provide s som e 
explanation .  Teacher s ofte n produce d mor e specifi c 

categories ,  suc h a s 'linea r  inequalities' ,  'fractions' ,  an d 
"numbe r  patterns '  a s compare d t o th e mor e genera l  categor y 
of  'Algebr a an d number '  whic h wa s mor e ofte n adopte d b y 
designers .  W h e n mor e specifi c  categorie s wer e collapse d t o 
for m th e fou r  Attainmen t  Target s define d fo r  th e Englis h 
mathematic s curriculu m (Applyin g &  usin g math ;  Algebr a & 
number ;  Shap e &  space ;  an d Dat a handling) ,  designers '  an d 
teachers '  sort s wer e ver y simila r  wit h th e onl y notabl e 
differenc e bein g i n th e us e o f  th e Dat a handlin g category , 
whic h designer s use d fa r  mor e tha n di d teachers .  Otherwise , 
i t  wa s clea r  tha t  teachers '  an d designers '  perception s o f  th e 
task s i n term s o f  gros s mathematica l  conten t  wer e no t 
distinguishable ;  difference s wer e primaril y du e t o th e greate r 
specificit y o n th e par t  o f  th e teachers . 

Tabl e 1 .  % o f  designer s (D )  an d teacher s (T )  producin g dimension s an d mea n positio n i n whic h th e dimension .  Othe r 
dimension s produce d b y <  1 0 % participant s wer e Complexity ,  E x a m board ,  Wordiness ,  Respons e type ,  an d Mark . 

Participan t 

% D 
%T 

Positio n D 
Positio n T 

Math 
topi c 

100 
95 

1. 6 
1. 0 

Leve l 

60 
20 

1. 6 
2. 5 

Openness 

50 
10 

2. 7 
3. 5 

Thinkin g 
vs rot e 

14 
37 

2. 0 
3. 3 

Diffic i 

14 
35 

2. 5 
2. 8 

jlt y Contex t 

33 
15 

3. 2 
2. 7 

Pref s / 
turn-off s 

29 
2 0 

3. 5 
2. 8 

Graphic s 

14 
25 

3. 0 
2. 4 

Rampin g 

21 
0 

3. 7 
0 

Discussio n 
Althoug h designer s produce d reliabl y mor e sort s tha n 
teachers ,  i t  i s  possibl e tha t  th e differenc e wa s du e t o th e 
differen t  structure s o f  thei r  wor k days .  Mos t  teacher s wer e 
schedule d t o teac h shortl y afte r  th e intervie w wherea s 
designer s wer e les s rigidl y scheduled .  However ,  teacher s di d 
not  appea r  distracte d an d seeme d t o b e a s full y occupie d b y 
th e tas k a t  han d a s th e designers .  Furthermore ,  a  relate d 
activit y (no t  reporte d i n thi s paper )  wa s als o schedule d 
durin g th e hour ;  fo r  hal f  o f  th e participant s th e sor t  occurre d 
first  an d fo r  th e othe r  half ,  th e sor t  occurre d last .  I f  teacher s 
limite d thei r  responses ,  the n a  differenc e betwee n thos e w h o 
sorte d firs t  an d secon d woul d b e predicted .  N o differenc e 
was foun d (Teacher s =  3. 6 an d 3. 4 sorts ,  designer s =  4. 1 an d 
4. 3 sort s first  an d second ,  respectively. ) 
The result s sugges t  tha t  differen t  kind s o f  domai n rol e invok e 
differen t  kind s o f  conceptua l  representation .  Teacher s appea r 
primaril y t o us e th e kind s o f  conceptua l  representation s 
foun d i n othe r  studie s o f  exper t  knowledg e (e.g. ,  Ch i  e t  al , 
1981) .  Thi s knowledg e i s precisel y wha t  i s neede d fo r  th e 
tas k o f  selectin g appropriat e Mathematic s exercise s fo r  a 
particula r  stag e o f  th e curriculum .  Designers ,  o n th e othe r 
hand ,  appea r  t o us e a  wide r  rang e o f  conceptua l 
representations ,  o f  whic h principles-base d dee p conceptua l 
representation s ar e no t  alway s primary .  Ther e ar e tw o 
potentia l  explanation s fo r  this .  Th e firs t  i s  tha t  designer s 
hav e los t  o r  under-rehearse d thei r  principles-base d 
representations .  Thi s seem s unlikel y give n tha t  al l  th e 
designer s use d Mat h conten t  fo r  on e o f  thei r  sorts .  Th e 
secon d i s tha t  desig n require s differen t  kind s o f  knowledg e t o 
teaching .  'Superficial '  dimension s ma y reflec t  th e ver y thing s 
tha t  mak e task s interesting ,  origina l  an d practicable .  A 
simila r  finding  o f  distinc t  type s o f  conceptua l  representatio n 
underlyin g differen t  form s o f  expertis e i n th e sam e domai n 

was mad e b y Weise r  &  Shert z (1983) ,  agai n usin g a  sor t 
paradig m t o explor e conceptua l  representation .  The y foun d 
tha t  exper t  compute r  programmer s sorte d problem s b y 
algorith m typ e whil e novice s sorte d b y applicatio n area .  I n 
contrast ,  programmin g managers ,  al l  formerl y experience d 
programmers ,  sorte d b y 'kind s o f  programmer '  neede d t o 
solv e eac h problem . 

I n muc h o f  th e expertis e researc h reporte d i n th e literature , 
ther e i s a n assumptio n tha t  wha t  i s elicite d throug h method s 
suc h a s recal l  an d sorfin g i s reladvel y static .  Thi s assumpfio n 
uynderlie s report s o f  impaire d performanc e resultin g fro m 
inappropriat e applicatio n o f  exper t  domai n knowledge .  W e 
argu e tha t  t o characteris e experts '  conceptua l  knowledg e i n 
thi s wa y i s t o mis s a n essentia l  aspect :  Expert s hav e man y 
layer s o f  domai n knowledge ,  and ,  whe n the y ar e give n 
realisti c domai n role s an d context s i n whic h t o perform ,  the y 
kno w whe n an d h o w t o us e i t  an d whe n no t  t o us e it . 

The notio n o f  stati c conceptua l  representation s i s  furthe r 
challenge d b y Barsalou' s (1985 )  distinctio n betwee n 
taxonomi c an d goal-directe d categories .  I n thi s view ,  goal -
directe d categorie s an d thei r  member s ar e no t  fixed,  bu t  ar e 
determine d b y th e tas k face d b y th e individua l  a t  an y on e 
time .  Th e distinctio n betwee n goal-directe d an d taxonomi c 
categorie s ha s importan t  methodologica l  implicadon s fo r  th e 
use o f  th e sor t  metho d i n studie s o f  expertise .  I t  ha s bee n 
suggeste d b y som e author s (e.g. ,  Burto n e t  al ,  1991 )  tha t  th e 
sor t  metho d provide s a n equall y informafiv e bu t  mor e cost -
effectiv e metho d fo r  knowledg e elicitatio n tha n traditiona l 
method s suc h a s th e analysi s o f  verba l  protocols .  However , 
studie s tha t  restric t  participant s t o a  singl e sor t  o r  tha t  impos e 
pre-specifie d dimension s m a y limi t  elicitafio n t o th e kind s o f 
taxonomi c knowledg e tha t  underli e routin e expertise ,  an d fai l 
t o captur e th e sort s o f  goal-directe d categorie s tha t  m a y 
underli e highl y skille d performanc e i n non-routin e activities . 
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Participants: D=designer; T=teacher 

Figur e 2 .  Cluste r  analysi s o f  designe r  an d teache r  grouping s base d upo n sort s unde r  a  Mathematic s Topi c dimensio n 

A c k n o w l e d g e m e n t s 
T h e researc h reporte d i n thi s pape r  wa s supporte d b y a  gran t 
from  th e Economi c an d Socia l  Researc h Council' s ( U K ) 
Cognitiv e Engineerin g initiative ,  N o .  LI27251031 .  W e than k 
al l  th e designer s an d teacher s w h o too k par t  i n th e study . 

References 
Adelson ,  B .  (1984) .  W h e n novice s surpas s expert s :  th e difficult y o f 

a tas k ma y increas e wit h expertise .  Journa l  o f  Experimenta l 
Psvcholog y :  L . M & C .  10 ,  483-495 . 

Barsalou ,  L .  W .  (1985) .  Ideas ,  centra l  tendency ,  an d frequenc y o f 
instantiatio n a s detenninant s o f  grade d structur e i n categories . 
Journa l  o f  Experimenta l  Psychology :  L . M & C .  U. ,  629-654 . 

Burton ,  A .  M. ,  Shadbolt ,  N .  R. ,  Rugg ,  G .  &  Hedgecock,A.P . 
(1990) .  Th e efficac y o f  knowledg e acquisitio n techniques , 
Knowledg e Acquisition .  2 .  167-178 . 

Chi ,  M .  T .  H. ,  Feltovich ,  P .  J. ,  &  Glaser ,  R .  (1981) .  Categorizatio n 
and representatio n i n physic s problem s b y expert s an d novices . 
Cognitiv e Science .  5 .  121-152 . 

Davies ,  S .  P. ,  Gilmore ,  D .  J. ,  &  Green ,  T .  R .  G .  (1995) .  Ar e object s 
tha t  important ? Effect s o f  expertis e an d familiarit y o n 
classificatio n o f  object-oriente d code .  Human-Compute r 
Interaction ,  10 ,  227-248 . 

Doane,  S .  M. ,  Pellegrino ,  J .  W. ,  &  Klatzky ,  R .  L .  (1990) .  Expertis e 
i n a  compute r  operatin g system :  conceptualizatio n an d 
performance .  Human-Compute r  Interaction .  5 ,  267-304 . 

Goel ,  V .  (1994) .  A  compariso n o f  desig n an d non-desig n proble m 
spaces .  A I  i n Engineering .  9 ,  53-72 . 

Hoffman ,  R .  R. ,  Shadbolt ,  N .  R. ,  Burton ,  A .  M. ,  &  Klein ,  G . 
(1995) .  Elicitin g knowledg e fro m experts :  A  methodologica l 
analysis .  Organizationa l  behavio r  an d huma n decisio n processes . 
62 ,  129-158 . 

Jansson ,  D .  G. ,  &  Smith ,  S .  M .  (1991) .  Desig n fixation .  Desig n 
Studies .  12 .  3-11 . 

Koedinger ,  K .  R. ,  &  Anderson ,  J .  R .  (1990) .  Abstrac t  plannin g an d 
perceptua l  chunks :  Element s o f  expertis e i n geometry .  Cognitiv e 
Science .  14.511-550 . 

McKeithen ,  K. ,  Reitman ,  J.. ,  Rueter ,  H. ,  &  Hirtle ,  S .  (1981) . 
Knowledg e organizatio n an d skil l  difference s i n compute r 
programmers .  Canadia n Jn l  o f  Psychology .  13 ,  307-325 . 

Ormerod ,  T .  C ,  Rummer ,  R. ,  &  Ball ,  L .  J .  (i n press) .  A n 
ecologicall y vali d stud y o f  categorisatio n b y designers .  D.Harri s 
(Ed.) ,  Cognitiv e Ergonomic s &  Engineerin g Psycholog y 
Hampshire :  Ashgate . 

Ormerod ,  T .  C ,  & .  Fritz. .  C O .  (1999) .  Strateg y change s acros s 
phas e i n proble m solving :  th e cas e o f  tas k desig n Unpublishe d 
M S.  Lancaste r  University . 

Schoenfeld ,  A .  H. ,  &  Herrmann .  D .  J .  (1982) .  Proble m perceptio n 
and knowledg e structur e i n exper t  an d novic e mathematica l 
problem-solvers .  Journa l  o f  Experimenta l  Psychology :  L.M&C . 
8,  484-494 . 

Schraagen ,  J .  M .  (1993) .  H o w expert s solv e a  nove l  proble m i n 
experimenta l  design .  Cognitiv e Science .  12 ,  285-309 . 

Visser ,  W ,  (1990) .  Mor e o r  les s followin g a  pla n durin g design : 
opportunisti c deviation s i n specification .  Int .  Journa l  o f  Ma n -
Machin e Studies .  33 ,  247-278 . 

Weiser ,  M. ,  &  Shertz ,  J .  (1983) .  Programmin g proble m 
representatio n i n novic e an d exper t  programmers .  Int .  Journa l  o f 
M an -  Machin e Studies .  19 ,  391-398 . 

Wiley ,  J .  (1998) .  Expertis e a s menta l  set :  Th e effect s o f  domai n 
knowledg e increativ e problem-solving .  Memor y &  Cognition . 
26.716-730 . 

506 


	cogsci_1999_502-506



