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INTRODUCTION 
Becomin g a n exper t  i n a  give n domai n take s substantia l  tim e an d effort . 

Thi s raise s a n interestin g question :  Fo r  a  give n individua l  possessin g 
aptitud e i n som e domain ,  i s  becomin g a n exper t  simpl y a  functio n o f  tim e an d 
effort ,  o r  ca n th e pat h towar d expertis e b e mad e mor e efficient ? Th e researc h 
reporte d i n thi s articl e reports *  o n th e effect s o f  structurin g th e proble m 
solvin g activitie s o f  novice s i n th e domai n o f  physic s i n a  wa y consisten t 
wit h th e proble m solvin g approache s use d b y experts .  Th e focu s o f  ou r 
investigatio n wa s t o asses s th e possibilit y  o f  promotin g expert-lik e behavio r 
among novice s b y constrainin g the m t o follo w a n expert-lik e approac h t o 
proble m analysis . 

That  novice s an d expert s stor e an d us e domain-specifi c  knowledg e i n 
distinctl y differen t  way s i s th e consensu s o f  a  numbe r  o f  studie s i n suc h 
divers e field s a s ches s (Chas e &  Simon ,  1973) ,  compute r  programmin g (Ehrlic h & 
Soloway :  1982) ,  electrica l  circuit s (Ega n &  Schwartz ,  1979) ,  an d classica l 
mechanic s (Larkin ,  1979) .  Expert s ten d t o stor e informatio n i n hierarchicall y 
structure d cluster s relate d b y underlyin g principle s o r  concepts .  When 
attemptin g t o solv e a  problem ,  expert s initiall y  focu s o n th e principle s an d 
heuristic s tha t  coul d b e applie d t o solv e tha t  proble m (referre d t o a s dee p 
structur e cuing) .  I n contrast ,  th e knowledg e bas e o f  novice s i s les s 
structure d an d ha s fewe r  interconnections .  When solvin g problems ,  novice s d o 
not  focu s o n principle s o r  heuristic s tha t  coul d b e use d t o construc t  a 
solutio n strategy ;  rather ,  the y focu s o n object s an d descripto r  term s i n th e 
proble m (calle d surfac e features )  an d the n loo k fo r  th e actua l  equation s tha t 
coul d b e manipulate d t o yiel d a n answe r  (Chi ,  Feltovic h &  Glaser ,  1981 ; 
Larkin ,  McDermott ,  Simo n &  Simon ,  1980 ;  Mestr e &  Gerace ,  1986) . 

Studie s i n th e domai n o f  physic s (Eylo n &  Reif ,  1984 ;  Helle r  &  Reif , 
1984 )  sugges t  tha t  instructiona l  approache s tha t  impos e a  hierarchical , 
expert-lik e organizatio n bot h o n information ,  an d o n proble m solvin g 
heuristic s resul t  i n improve d proble m solvin g an d recal l  performanc e amon g 
novices .  Despit e these ,  an d othe r  relate d finding s curren t  instructiona l 
practic e doe s no t  emphasiz e hierarchica l  approache s t o knowledg e organizatio n 
or  t o proble m solving .  Consequently ,  muc h o f  th e th e expert' s  taci t  knowledg e 
remain s a  secre t  t o th e novic e unti l  sh e o r  h e discover s i t  o n he r  own . 

I n th e presen t  stud y novice s activel y participate d i n proble m solvin g 
activitie s whic h wer e structure d t o reflec t  ou r  bes t  understandin g o f  ho w 
physic s expert s analyz e problems .  Th e treatmen t  involve d fiv e one-hou r 
session s durin g whic h subject s solve d a  tota l  o f  2 5 classica l  mechanic s 
problem s usin g a  hierarchical ,  computer-based ,  problem-analysi s environmen t 
calle d th e Hierarchica l  Analysi s Tool .  Th e effectivenes s o f  thi s treatmen t 
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was compare d wit h tha t  o f  tw o contro l  treatment s i n whic h novice s solve d th e 
same problem s usin g mor e traditional ,  novice-lik e approaches .  T o asses s th e 
effectivenes s o f  th e treatment s a t  promotin g shift s towar d expertise ,  tw o 
type s o f  task s wer e administere d befor e an d afte r  treatment :  a  proble m 
categorizatio n tas k (discusse d i n Experimen t  1 )  an d a  proble m solvin g tas k 
(discusse d i n Experimen t  2 ) . 

DESCRIPTION OF COMPUTER-BASED ENVIRONMENTS USED IN TREATMENTS 
Appreciatin g th e finding s o f  thi s stud y require s som e understandin g o f 

th e treatment s tha t  subject s received .  I n thi s sectio n w e briefl y describ e 
th e architectur e an d functionin g o f  th e Hierarchica l  Analysi s Too l  (hencefort h 
HAT)  use d i n th e foca l  treatment .  We als o describ e anothe r  computer-based , 
equation-base d environmen t  use d i n on e o f  th e tw o contro l  treatments . 

The HA T i s a  menu-drive n environmen t  tha t  constrain s user s t o perfor m a 
top-dow n analysi s o f  classica l  mechanic s problems .  I t  combine s declarativ e 
and procedura l  informatio n i n a  hierarchica l  framework .  Th e environmen t  i s 
capabl e o f  handlin g th e majorit y o f  problem s i n a  typica l  calculus-base d 
freshman-leve l  classica l  mechanic s course .  Th e wor d "tool "  i n th e nam e 
implie s tha t  th e HA T ca n b e use d t o facilitat e th e constructio n o f  a  solution ; 
th e HA T doe s no t  suppl y answer s t o problems . 

To analyz e a  problem ,  th e use r  answer s well-define d question s b y makin g 
selection s fro m menu s tha t  ar e dynamicall y generate d b y software .  I n th e 
firs t  menu ,  th e use r  select s on e o f  fou r  genera l  principle s tha t  coul d b e 
applie d t o solv e th e proble m unde r  consideration .  Subsequen t  menu s focu s o n 
ancillar y concept s an d procedures ,  an d ar e dependen t  upo n th e prio r  selection s 
made b y th e user .  When th e analysi s i s complete ,  th e HA T provide s th e use r 
wit h a  se t  o f  equation s tha t  i s consisten t  wit h th e men u selection s mad e 
durin g th e analysis .  I f  th e analysi s i s carrie d ou t  appropriately ,  the n thes e 
equation s coul d b e use d t o generat e a  solutio n t o th e problem ;  however ,  th e 
use r  mus t  stil l  manipulat e thes e equation s t o isolat e th e quantit y aske d fo r 
i n th e problem .  I n th e even t  tha t  th e analysi s i s carrie d ou t  incorrectly ; 
th e fina l  equation s ar e consisten t  wit h th e user' s choices ,  bu t  inappropriat e 
fo r  solvin g th e problem .  I t  i s  importan t  t o not e tha t  th e HA T neithe r  tutor s 
nor  provide s feedbac k t o th e user—i t  merel y constrain s th e typ e an d orde r  o f 
question s tha t  nee d b e considere d whe n analyzin g a  problem .  Figur e 1  provide s 
a sampl e proble m an d th e HA T menu s an d selection s tha t  woul d appropriatel y 
analyz e th e problem . 

A secon d computer-base d environment ,  calle d th e Equatio n Sortin g Too l 
(EST) ,  wa s develope d fo r  us e a s a  contro l  treatment .  Th e ES T wa s designe d t o 
be consonan t  wit h th e approac h take n b y mos t  novic e physic s students .  I t  i s  a 
dat a bas e o f  17 8 equation s take n fro m a  standar d classica l  mechanic s textbook . 
Thi s equatio n dat a bas e ca n b e sorte d i n thre e differen t  ways :  1 )  b y Proble m 
Types ,  suc h a s "incline d plane "  an d "fallin g bodies, "  2 )  b y Variabl e Names , 
suc h a s "mass "  an d "velocity, "  an d 3 )  b y Physic s Terms ,  suc h a s "potentia l 
energy "  an d "momentum. "  B y "sorted "  w e mea n tha t  th e use r  ca n perfor m 
sequentia l  logica l  "ands "  t o narro w dow n th e dat a bas e t o a  small ,  manageabl e 
number  o f  equation s tha t  migh t  b e usefu l  fo r  solvin g a  problem .  Th e ES T wa s 
designe d t o reflec t  novices '  proble m solvin g tendencie s i n physics :  the y ten d 
t o cu e o n surfac e feature s i n decidin g ho w t o attac k a  problem ,  an d focu s 
thei r  proble m solvin g effort s o n findin g th e appropriat e se t  o f  equation s tha t 
can b e manipulate d t o yiel d a n answe r  t o th e problem .  Furthe r  detail s o n th e 
desig n an d functionin g o f  bot h th e HA T an d th e ES T ca n b e foun d elsewher e 
(Dufresne ,  Gerace ,  Hardima n &  Mestre ,  1987 ;  Mestr e &  Gerace ,  1986) . 
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F I G U R E 1 .  Hierarchica l  A n a l y i e r  M e n u s i i  C h o i c e s fo r  P r o b l e m 1 

6 Whic h principl e &ppli< i  t o thi i  par t  o f  th e proble m lolution ? 
1.  Newton' i  Secon d La w o r  Kincinfttic a 
2.  Angula r  Moinenlui n 
3 Lincu -  Moinentu m 
i  Wor k an d Enrrf y 

PIcue enter your teleclionr |4) 
(B)ackup (M)ain menu (C)IomU7 (Q)uit (L)iit lelectione 
De*crib < th e lyite m i n tcrm i  o f  it i  mechtnic& l  energ y 

1.  Conier-vativ e lytle m (conservatio n o f  energy ) 
2.  Non-Conservativ e lyste m (work-energ y exchange ) 

Pleaje enter your eelection: [l) 
(B)mckup (M)3in menu (C)loiiai7 (Q)uit (L)iit lelectioni 

Describ e th e chanae i  i n mechanica l  energy .  Coniide r  onl y 
ib f  energ y o f  oit e bod y a t  loiii e initia l  an a final  stat e 

I .  Chang e i n kineti c energ y 
2.  Chang e i n potentia l  energ y 
3.  Chang e i n potentia l  an d kiueti c energie s 

Pleaje enter your selection: [3| 
(B)ackup (M)ain menu (Gjlossary (Q)uit (L)ist selections 
Describ e th e change s i n kineti c energ y 

I .  Cliang e i n translationa l  kineti c energ y 
2.  Chang e i n rotationa l  kineti c energ y 
3.  Chang e i n translationa l  an d rotationa l  kineti c cnergie i 

Please enter your selection: |l| 
(B)ackup (M}ain menu [C)lossary (Q)uit (L)ist selections 

Describ e th e boundar y condition s 
I .  N o initia l  translationa l  kineti c energ y 
2.  N o final  translationa l  kineti c energ y 
3.  Initia l  an d final  translationa l  kineti c energie s 

Please enter your selection; (l| 
(B)»ckup (M)ain menu (G)lo«sary (Q)uit (L)ist selections 

10 

Describ e th e change s i n potentia l  energ) -
1.  Change s i n gravitittiona l  potvnlin l  energ y 
7-  Cliangr i  i n sprin g potentia l  energ y 
3.  Change s i n gravitationa l  an d sprin g potentia l  energie s 

Please enter your aelection: |l| 
(B)ackup (M)ain menu (G)lossary {Q)uit (L)ist selections 

Describ e th e boundar y condition s 
I .  N o initia l  gravitationa l  potentia l  energ y 
2.  N o fina l  gravitationa l  energ y 
3.  Initia l  an d fina l  gravitationa l  energ y 

Please enter your selection: |2| 
(B)ackup  (M)ain menu |0)lo»i.\ry (Q)nit (L)irl frlrctionr 

Is ther e anothe r  bod y i n th e syste m whic h ha s no t  bee n exaniined ? 
I .  Ye s 
2.  N o 

Pleas e ente r  you r  selection :  (2 | 
(Bjackup (M)ain menu (C)lossary {Q)uit (t)ist selections 

Tli e Energ y Principl e stale s tha t  th e wor k Hon e o n th e sy»trii i  b y 
al l  non-con-ervativ e force s i » equa l  t o th e chang e i n th e 
mechanica l  energ y o f  th e system : W,. £,  -  E , 

Accordin g t o y<?u r  selections , 
W„^  =  0  (Conservativ e system :  mechanica l  energ y coii!>er\ed ) 

E, = (Afjy),, 

Please press any key to continue 

•• •  Wor k an d Energ y '* ' 
1.  Probler n solve d 
2.  Retur n t o Mai n Men u t o continu e solutio n 
3.  Revie w previou s solutio n screen s 

Please enter your selection: 

PROBIEM ] 

A Smu. BLOCK OF mSS H SLIDES ALONG A 
TRACK HAVINC ,  BOTH CURED AN D HORIZONTAL 
SECTIONS A S SHOVN.  I F TH E PARTICL E I S 
RELEASED FROM RES T A T HEIGH T h ,  V/HA T I S 
IT S SPEED WHEN I T I S O N TH E HORIZONTAL 
SECTION O F TH E TRACK? TH E TRACK I S 
FRICTIONLESS. 

:ii -

PARTICIPANTS I N EXPERIMENTS 1  AN D 2 

Subject s 

Forty-tw o undergraduat e student s a t  th e Universit y o f  Massachusett s wh o 

had complete d th e firs t  semeste r  physic s cours e fo r  major s o r  fo r  engineers , 

and receive d a  grad e o f  B  o r  better ,  participate d i n thi s study .  Th e subject s 

participate d i n te n hour-lon g experimenta l  sessions ,  fo r  whic h the y wer e pai d 

fift y  dollars . 

Groups 

On th e basi s o f  pretes t  scores ,  th e 4 2 subject s wer e divide d int o thre e 

treatmen t  group s o f  1 4 subject s each .  Eac h o f  th e thre e group s receive d th e 

same 2 5 problem s ove r  th e cours e o f  th e treatment .  Subject s solve d fiv e 

problem s i n eac h o f  fiv e session s ove r  approximatel y thre e weeks ;  th e 

treatmen t  problem s wer e representativ e o f  problem s th e subject s ha d 
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encountere d i n thei r  cours e an d covere d th e majo r  topic s i n a  beginnin g 
classica l  mechanic s course .  Th e "HAT-group "  use d th e Hierarchica l  Analysi s 
Tool  i n solvin g th e 2 5 treatmen t  problems .  Th e "EST-group "  use d th e Equatio n 
Sortin g Too l  i n solvin g th e treatmen t  problems ,  whil e th e "T-group "  use d a 
homework-styl e approac h i n solvin g th e treatmen t  problem s an d wer e fre e t o 
refe r  t o th e textboo k tha t  the y ha d use d i n thei r  cours e t o solv e th e 
problems . 

EXPERIMENT 1: SIMILARITY JUDGMENT TASK 
We designe d a  similarit y judgmen t  tas k (Hardiman ,  Dufresn e &  Mestre , 

1987 )  i n whic h subject s wer e t o decid e whic h o f  tw o compariso n problem s woul d 
be solve d mos t  similarl y t o a  thir d mode l  problem .  Surfac e featur e an d dee p 
structur e similarit y t o th e mode l  proble m wer e varie d systematically ,  allowin g 
us t o investigat e whethe r  subject s wer e mor e likel y t o focu s o n dee p structur e 
similarit y a s a  basi s fo r  categorizatio n followin g treatment .  Sinc e th e 
initia l  decisio n tha t  mus t  b e mad e i n th e HA T concern s th e principl e t o b e 
applied ,  w e hypothesize d tha t  th e HAT-grou p woul d b e mor e likel y t o focu s o n 
deep structur e afte r  treatmen t  tha n eithe r  o f  th e tw o contro l  groups . 

Thi s tas k containe d 2 0 items .  Eac h tas k ite m wa s compose d o f  thre e 
elementar y mechanic s problems ,  eac h o f  whic h wa s thre e t o fiv e line s lon g an d 
containe d onl y tex t  (n o picture s o r  diagrams) .  Fo r  eac h item ,  on e o f  th e 
thre e problem s wa s identifie d a s th e mode l  problem ,  whil e th e othe r  tw o wer e 
th e compariso n problems .  Th e subject s wer e t o indicat e whic h o f  th e tw o 
compariso n problem s the y believe d "woul d b e solve d mos t  similarly "  t o th e 
model  problem . 

A compariso n proble m coul d shar e differen t  attribute s wit h it s mode l 
problem .  Fou r  type s o f  compariso n problem s wer e designe d tha t  matche d th e 
model  proble m in :  1 )  surfac e features ,  meanin g tha t  th e object s an d descripto r 
term s tha t  occu r  i n bot h problem s ar e similar ,  2 )  dee p structure ,  meanin g tha t 
th e physica l  principl e tha t  coul d b e applie d t o solv e bot h problem s i s th e 
same,  3 )  bot h surfac e feature s an d dee p structure ,  o r  4 )  neithe r  surfac e 
feature s no r  dee p structure .  Thes e fou r  type s o f  compariso n problem s wer e 
terme d S ,  D ,  SD ,  an d N ,  respectively . 

The compariso n problem s wer e paire d suc h tha t  onl y on e o f  th e tw o 
compariso n problem s matche d th e mode l  proble m i n dee p structure .  Thi s 
constrain t  le d t o fou r  type s o f  compariso n proble m pairs :  1 )  S-D ,  2 )  S-SD , 
3)  N-D ,  an d 4 )  N-SD .  Assumin g a  categorizatio n schem e base d strictl y o n 
surfac e features ,  th e followin g patter n o f  performanc e wa s predicted :  1 )  S-D : 
0% dee p structur e choices ,  2 )  S-SD :  50 % dee p structur e choice s (bot h choice s 
ar e equall y goo d i n term s o f  matchin g th e mode l  proble m o n surfac e features) , 
3)  N-D :  50 % dee p structur e choice s (eithe r  alternativ e i s equall y "bad "  i n 
term s o f  matchin g th e mode l  proble m o n surfac e features) ,  an d 4 )  N-SD :  100 % 
deep structur e choice s ( a surfac e featur e matc h t o th e mode l  proble m wil l  als o 
mean a  dee p structur e match) .  I n contrast ,  assumin g a  dee p structur e 
categorizatio n schem e woul d resul t  i n 100 % dee p structur e choice s i n al l  fou r 
pairings . 

The tas k wa s presente d vi a computer .  Th e subjec t  wa s tol d t o rea d 
carefull y th e mode l  proble m an d tw o compariso n problems ,  an d t o respon d b y 
pressin g on e o f  tw o keys .  Th e item s wer e presente d i n rando m order ,  wit h n o 
limi t  impose d o n tim e t o respond .  Afte r  ever y 5  items ,  th e subjec t  wa s give n 
th e opportunit y t o tak e a  brie f  rest .  Mos t  subject s complete d th e tas k withi n 
45 minutes .  Th e sam e tas k wa s presente d afte r  th e subject s ha d complete d th e 
fiv e treatmen t  sessions . 
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Result s an d Discussio n 
The performance s o f  th e 4 2 subject s wer e compare d i n a  3  (Treatmen t 

Groups )  X  1 4 (Subjects/Group )  x  2  (Times :  pr e &  post )  x  4  (Compariso n Proble m 
Pairings )  x  5  (Mode l  Problems )  analysi s o f  variance .  Th e foca l  questio n wa s 
whethe r  th e HA T treatmen t  woul d promot e a  shif t  towar d relianc e o n dee p 
structur e rathe r  tha n o n surfac e features .  Th e result s indicat e a n 
affirmativ e respons e t o thi s question .  I n th e pre-judgmen t  task ,  ther e wer e 
no difference s betwee n th e groups ,  a s ca n b e see n i n Tabl e 1 .  However ,  ther e 
wer e significan t  difference s amon g th e thre e group s i n th e amoun t  o f 
improvemen t  fro m pre -  t o post-treatmen t  o n th e judgmen t  tas k (se e Tabl e 1) , 
F(2,39 )  =  4.28 ,  p=.02 . 

The HAT-grou p wa s th e onl y grou p t o sho w an y indication s o f  improvement ; 
thei r  improvemen t  wa s statisticall y significant ,  (F(1,13)=5.20 ,  p=.04) .  I n 
contrast ,  th e mea n performanc e o f  th e EST-grou p remaine d th e same ,  whil e th e 
performanc e o f  th e T-grou p declined .  Thi s resul t  suggest s tha t  th e HA T doe s 
promot e a  shif t  towar d th e us e o f  dee p structure ,  whil e th e tw o contro l 
treatment s d o not .  Thi s shif t  wa s consisten t  acros s Compariso n Proble m Types , 
wit h improvement s o f  a t  leas t  6  percentag e point s i n eac h o f  th e fou r 
compariso n proble m pairings .  Thi s improvemen t  wa s significan t  fo r  th e S- D 
pairing s ( a 17 % pre-to-pos t  improvement) ,  t(13 )  =  3.12 ,  p=.032 4 (adjuste d fo r 
fou r  tests) ,  whic h i s encouragin g give n tha t  th e S- D items ,  wher e surfac e 
feature s an d dee p structur e ar e i n direc t  competition ,  presen t  th e mos t 
difficult y fo r  novice s (Hardiman ,  e t  al. ,  1987) . 

Table 1: Pre- and Post-Judgment Task Percent Correct for the 3 Groups 

Group 
HAT 
EST 

T 

pre-treatmen t 
56% 
61 % 
62 % 

post-treatmen t 
66% 
61 % 
58 % 

Tota l  60 % 62 % 

EXPERIMENT 2 :  PROBLEM SOLVIN G TAS K 
To measur e th e effec t  o f  treatmen t  o n proble m solving ,  tw o equivalen t 

test s wer e constructe d i n th e styl e o f  a  traditiona l  fina l  exa m fo r  a  freshma n 
leve l  classica l  mechanic s course .  Hal f  o f  th e subject s receive d on e for m o f 
th e tes t  o n th e pre-assessmen t  whil e th e othe r  hal f  receive d th e secon d form . 
The for m no t  use d o n th e pre-assessmen t  wa s use d fo r  th e post-assessment .  Th e 
test s containe d 7  problems ,  wit h 4  question s requirin g th e applicatio n o f  on e 
physica l  principl e fo r  solutio n an d th e remainin g 3  problem s requirin g th e 
applicatio n o f  tw o principles .  Subject s wer e give n approximatel y on e hou r  t o 
solv e al l  7  problems . 

We expecte d tha t  al l  subject s woul d improv e i n performanc e fro m th e pre -
t o th e post-test ,  sinc e al l  subject s woul d hav e practice d solvin g problem s 
durin g th e treatmen t  phase .  I f  th e HAT-grou p wa s capabl e o f  adoptin g an d 
applyin g th e concept-base d approac h o n th e post-test ,  w e migh t  expec t  the m t o 
exhibi t  bette r  pre-to-pos t  improvement s tha n th e EST -  an d T-groups . 

Results and Discussion 
The test s wer e grade d independentl y b y tw o physicists .  Wheneve r  th e 

scor e o n a n ite m differe d betwee n th e graders ,  th e subject' s solutio n wa s 
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reevaluate d an d a  scor e wa s determine d b y consensus .  Th e pre -  an d post-tes t 
score s ar e show n i n Tabl e 2 .  Al l  thre e group s increase d abou t  1 0 percentag e 
points ,  mainl y du e t o improvement s o n th e single-principl e problems .  Althoug h 
pre-to-pos t  improvement s wer e statisticall y significan t  (F(l,39)=21.25 , 
p<.0001) ,  n o on e grou p improve d significantl y mor e tha n an y othe r  group .  Thi s 
suggest s that ,  a t  leas t  fo r  treatment s lastin g a  shor t  perio d o f  time ,  th e 
improvemen t  o n proble m solvin g wa s primaril y du e t o practic e i n proble m 
solvin g i n general ,  no t  t o an y specifi c  treatment . 

Table 2: Percent Correct (S.D.) in Pre-, and Post-Problem-Test 

Grou p Pre-Tes t  Post-Tes t 

HAT 29.4 (20.1) 41.3 (17.5) 
EST 36. 4 (25.8 )  44. 9 (25.9 ) 

T 31. 6 (24.6 )  44. 4 (24.4 ) 

Give n tha t  th e improvemen t  o f  th e HAT-grou p wa s no t  significantl y bette r 
tha n tha t  o f  th e tw o contro l  groups ,  w e migh t  as k whethe r  th e HAT-grou p wa s 
abl e t o us e th e HA T appropriately ? Ou r  dat a indicat e th e answe r  i s no :  a n 
analysi s o f  th e HAT-group' s key-strok e dat a indicate s tha t  subject s wer e abl e 
t o carr y ou t  appropriat e analyse s usin g th e HA T o n les s tha n hal f  o f  th e 
treatmen t  problems .  Thus ,  th e ful l  potentia l  o f  th e HA T approac h fo r 
improvin g proble m solvin g skill s  canno t  b e full y evaluate d unti l  w e ensur e 
tha t  subject s adop t  th e approac h incorporate d i n th e HAT . 

GENERAL DISCUSSION 
The result s o f  Experimen t  1  indicat e tha t  th e hierarchica l  approac h t o 

proble m solving ,  a s exemplifie d b y th e HAT ,  help s student s t o shif t  thei r 
decisio n makin g criteri a fo r  proble m categorizatio n fro m on e base d o n surfac e 
feature s towar d on e base d o n dee p structure .  We speculat e tha t  us e o f  th e HA T 
promote s thi s shif t  becaus e i t  highlight s th e importanc e o f  applyin g 
principle s t o solv e problem s b y askin g subject s t o selec t  th e applicabl e 
principl e i n th e firs t  men u the y encounter .  Eve n i f  th e use r  i s no t  abl e t o 
answer  al l  o f  th e subsequen t  question s i n th e analysi s correctly ,  th e 
principl e t o b e applie d t o obtai n a  solutio n may stil l  b e recognize d a s 
primary . 

However ,  th e curren t  implementatio n o f  th e hierarchica l  approac h di d no t 
lea d t o significantl y mor e improvemen t  i n proble m solvin g tha n a  "homewor k 
style "  approach .  Assumin g th e hierarchica l  approac h i s a  potentiall y  powerfu l 
too l  fo r  improvin g proble m solving ,  ther e ar e tw o mai n reason s wh y th e HA T 
treatmen t  faile d t o yiel d mor e significan t  improvement s i n proble m solving . 
First ,  subject s wer e no t  abl e t o internaliz e th e approac h implici t  i n th e HAT , 
sinc e the y ha d n o wa y t o gaug e whethe r  o r  no t  the y wer e usin g th e HA T 
appropriately .  I t  appear s tha t  feedbac k an d coachin g ar e necessar y 
ingredient s t o hel p novice s assimilat e th e HAT' s expert-lik e approac h 
(Collins ,  Seel y Brow n &  Newman,  i n press) .  Second ,  th e treatmen t  wa s 
relativel y short ,  an d therefor e i t  i s  unrealisti c t o expec t  dramati c 
reorganizatio n o f  declarativ e an d procedura l  knowledg e afte r  usin g th e HA T fo r 
onl y 5  hours . 

Two implication s appea r  t o stan d out .  First ,  hierarchicall y structurin g 
th e proble m analysi s activitie s o f  novice s hold s promis e fo r  promotin g expert -
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lik e behavio r  amon g novices .  However ,  simpl y partakin g i n expert-lik e proble m 
solvin g activitie s i s no t  sufficien t  t o promot e dramati c improvement s i n a 
comple x tas k suc h a s proble m solving—w e nee d t o guarante e tha t  novice s 
actuall y adop t  th e hierarchica l  approac h befor e w e ca n evaluat e it s ful l 
potential .  Second ,  proble m solvin g assessment s ma y no t  b e th e mos t  sensitiv e 
fo r  measurin g modes t  shift s towar d expertise .  Othe r  measures ,  suc h a s proble m 
categorization ,  appea r  t o b e mor e sensitiv e assessment s o f  subtl e shift s 
towar d expertise . 
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