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How novice s solv e physic s problem s 

Eilee n Scanlo n 
and 

Ti m O'She a 

Open Universit y 
Milto n Keyne s 

Buck s 
Englan d 

Abstrac t  -  Th e pape r  outline s te n claim s abou t  th e 
performanc e o f  novice s solvin g problem s I n physics . 
The claim s ar e the n evaluate d fro m th e literature , 
and fro m th e result s o f  a  stud y wher e synchronise d 
audi o tap e an d pape r  an d penci l  workin g record s o f 
novice s solvin g kinematic s problem s wer e made . 
Some alternativ e methodologie s fo r  investigatin g 
thes e claim s ar e discusse d an d th e futur e direc -
tio n o f  th e wor k indicated . 

Introductio n -  Th e longter m objectiv e o f  thi s stud y 
i s t o desig n Instructio n t o improv e physic s 
proble m solving .  Variou s claim s abou t  ho w novic e 
student s g o abou t  solvin g physic s problem s ca n b e 
made.  Her e ar e som e o f  them . 
1. Novices solve physics problans more slowly than 

expert s an d paus e mor e frequentl y betwee n th e 
retrieva l  o f  successiv e equation s o r  chunk s o f 
equation s tha n expert s do . 

2. Novice s hav e erroneou s idea s abou t  basi c 
physic s concepts . 

3.  Novice s mak e met a statement s (comment s abou t 
th e proble m solvin g process) . 

4. Novice s neve r  chec k bac k o r  us e rea l  worl d 
checking . 

5.  Novice s wor k backwards . 

6. Novices don't apply physical intuition to a 
proble m befor e actuall y tryin g t o solv e It . 

7. Novices don't possess rich Internal representa-
tion s fo r  comple x problems . 

8. Novices are not goal directed. 

9. Novices use consistent strategies in problem 
solving . 

10.  Novice s ca n b e taugh t  helpfu l  probl e 
strategies . 

solvin g 

Thes e claim s wil l  b e discusse d usin g tw o source s o f 
evidenc e -  report s i n th e literature ,  an d th e 
result s o f  a  stud y o f  solutio n protocol s i n kinema -
tics .  Th e claim s ar e state d i n orde r  o f  certainty . 
Thi s pape r  wil l  tak e eac h clai m i n tur n an d asses s 
it s validity .  Some ar e a s ye t  unsubstantiated . 
Futur e wor k whic h migh t  substantiat e the m wil l  b e 
discussed . 

The literatur e -  Previou s anpirica l  studie s o f  ho w 
physic s problem s ar e solve d hav e examine d th e 
knowledg e structure s discusse d i n th e basi c con -
cept s (Shavelso n 1974 ,  Rel f  1981 )  ,  examine d 
student s prio r  conception s o f  th e physica l  worl d 
(misconcepts )  (Champagn e &  Klopfe r  1980 ,  Gilber t 
& Osbourne ,  d i  Sess a 1981 )  an d examine d solutio n 
protocol s (Larki n e t  al ,  1981) . 

The Cyclop s stud y -  Th e stud y reporte d her e 
involve d th e collectio n o f  solutio n protocol s an d 
thei r  analysi s i n term s o f  proble m solvin g 
strategie s displaye d an d misconcept s reveale d 
(Scanlon ,  1981) .  Some recording s o f  Ope n Univer -
sit y (OU )  firs t  yea r  student s attempt s t o solv e 
physic s problem s wer e made .  Th e equipmen t  consist -
ed o f  a  sumn a graphic s bitpa d an d microphon e 
connecte d vi a a n interfac e bo x t o a  stere o 
cassett e recorder .  Thi s equipmen t  base d o n th e 
OU's Cyclop s technolog y allow s recording s o f  penci l 
and pape r  workin g t o b e mad e o n on e trac k o f  th e 
cassett e tap e whil e th e othe r  trac k record s an y 
word s spoke n durin g th e process .  Th e equipmen t  ha s 
been use d t o recor d children' s mathematica l  beha -
vio r  (O'She a St  Floyd ,  1981) .  Th e syste m combine s 
i n a  convenien t  for m th e student s voic e wit h a 
synchronise d dynami c recor d o f  wha t  h e o r  sh e 
writes .  Thi s stud y ha s establishe d tha t  th e 
syste m wa s suitabl e fo r  recordin g th e mixtur e o f 
handwriting ,  diagram s an d number s presen t  i n a 
typica l  adul t  physic s proble m solvin g protocol . 
The subjects were seven first year Open University 
student s wh o ha d Jus t  complete d thre e week s o f 
stud y o n elementar y mechanics .  Thei r  background s 
varie d fro m n o previou s experienc e o f  physic s t o 
A leve l  physics .  Ope n Universit y student s ar e 
adult s returnin g t o stud y afte r  som e wor k experi -
ence .  I n th e attemp t  t o attai n a n understandin g o f 
proble m solvin g skill s  i n physic s ther e ar e 
advantage s i n usin g adul t  students .  Skil l  a t 
solvin g physic s problem s i s no t  a  natura l  compe -
tenc e bu t  a  learne d skil l  -  an d on e learne d wit h 
considerabl e difficulty .  Adult s languag e compe -
tenc e i s full y  develope d s o th e notoriou s difficul -
t y o f  achievin g verbalisatio n i n protocol s shoul d 
be simples t  wit h the m (Horowit z 1980) .  Th e 
problem s selecte d fo r  th e student s wer e simpl e 
kinematic s problans .  Fro m th e repla y o f  th e 
Cyclop s tap e th e sequenc e o f  operations ,  timin g 
Informatio n o n eac h individua l  step ,  an d th e verba l 
protoco l  indicate s proble m solvin g decision s made . 

Discussio n o f  th e claim s 

1. Novice s solv e problem s mor e slowl y tha n 
experts ,  an d paus e mor e frequently . 

Exper t  an d novic e protocol s hav e bee n compare d t o 
highligh t  th e difference s (Simo n &  Simon ,  1978 , 
Larkin ,  1981) .  Expert s hav e bee n foun d t o b e 4 
time s faste r  a t  solvin g problem s tha n novices .  Th e 
paus e time s betwee n th e retrieva l  o f  successiv e 
equation s o r  chunk s o f  equation s wer e quit e differ -
ent  (Larki n 1979) .  Expert s produce d stream s o f 
equation s withou t  pausin g whil e novice s pause d mos t 
of  th e time .  I n th e Cyclop s stud y th e student s 
experience d man y difficultie s wit h th e problems . 2. Novice s hav e erroneou s idea s abou t  basi c 

physic s concepts . 

Trowbridg e (1979 )  describe s student s problem s wit h 
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Che concept s o f  velocit y an d acceleration .  Th e 
weaker  student s I n Ch e Cyclop s stud y als o ha d a 
ver y haz y notio n o f  acceleraclo n an d constantl y 
confuse d i t  wit h velocity .  Velocit y the y confuse d 
vlt h spee d an d averag e speed .  Se e Fig .  I . 
However ,  th e fac t  tha t  student s hav e a n imperfec t 
understandin g o f  som e o f  th e concept s the y nee d t o 
use doesn' t  see m particularl y surprising .  When 
thei r  understandin g drop s belo w a  cerCal n leve l  -
It s obviousl y th e mos t  Importan t  thin g Co worr y 
about .  I f  yo u can' t  tel l  acceleratio n fro m veloci -
t y you'r e goin g t o hav e troubl e doin g problem s 
abou t  either .  However ,  wha t  doe s i t  mea n t o under -
stan d a  concep t  completely ? Wouldn' c som e leve l  o f 
understandin g b e goo d enoug h fo r  al l  practica l 
purposes ? We hav e t o solv e problem s I n rea l  lif e 
i n th e absenc e o f  complet e understanding .  Some o f 
th e 'misconcepcs '  researc h seem s als o t o dra w 
questionnabl e conclusions .  I n And y d i  Sessa' s 
(1980 )  stud y o f  ho w hig h schoo l  student s manipulat e 
a dynaturtl e h e say s reveal s mlsconcept s abou t 
forc e an d acceleratio n -  bu t  thes e student s scor e 
highl y o n conventiona l  tests .  I t  reveal s somethin g 
abou t  Ch e physic s no t  havin g go t  'int o th e muscu -
lature '  bu t  wh o play s tenni s usin g Hewcon' s Laws ? 

3. Novices make meta statements 
Simon & Simon (1978) observed the difference in the 

number  o f  mec a statement s made .  B y met a statement s 
the y mea n comment s mad e b y th e student s abou t  th e 
proble m solvin g process .  Expert s mad e fewe r  met a 
statanent s tha n novice s wh o mad e mor e frequen t 
comments o n error s made ,  th e physica l  meanin g o f  a n 
equation ,  o r  overal l  direction .  Thi s findln K i s o n 
Che surfac e surprisin g bu t  ma y b e t o d o wit h th e 
novic e voicin g uncertaintie s tha t  a n exper t  doesn' t 
share .  I n th e Cyclop s stud y student s mad e man y 
suc h coDimencs . 

4. Novices never check back 
The weaker students in the Cyclops study made many 
mistake s du e t o no t  carefull y readin g th e proble m 
statement .  The y misrea d distance s fo r  speeds , 
fina l  speed s fo r  averag e speed s etc .  an d despit e 
th e fac t  tha t  thes e mistake s le d the m int o numerou s 
problem s neve r  looke d bac k t o check .  Havin g 
struggle d throug h t o a n answe r  t o th e proble m th e 
novice s neve r  checke d bac k t o se e whethe r  th e 
answer  mad e sens e I n term s o f  th e origina l  proble m 
statement . 
The better students in the Cyclops study highlight-
ed th e behaviou r  o f  Ch e novices .  The y checke d bac k 
Co variou s stage s -  bot h durin g th e proble m t o mak e 
sur e they' d solve d a  sub-proble m checke d bac k t o 
see i f  thei r  answe r  mad e sens e i n term s o f  th e 
number s give n i n th e problem .  The y als o trie d 
variou s way s o f  doin g a  proble m an d i f  somethin g 
didn' t  see n t o b e workin g ou t  the y wer e prepare d C o 
star t  agai n i n a  differen t  direction .  The y seane d 
les s prepare d Jus t  t o plo d o n regardles s o f  whethe r 
Che soludo n pat h Chey' d chose n seeme d C o b e suc -
cessfu l  o r  not . 
5. Novices work backwards 
The most contentious difference quoted in the 
literatur e i s th e differenc e i n solutio n pat h -
'workin g forwar d -  workin g backward '  (Simo n & 
Simon 1978 )  .  Th e exper t  work s fro m th e informatio n 
give n i n th e problem ,  producin g equation s whic h 
ca n b e solve d usin g th e Informatio n given .  Th e 
novic e start s b y generatin g a n equatio n whic h 
contain s th e unknow n h e i s tryin g t o fin d an d work s 
backward .  Thi s findin g seem s strang e bu t  ma y b e 
i s explaine d b y th e confidenc e fel c b y Ch e exper t 
cha t  th e proble m i s soluble .  Thi s behaviou r  wa s 

not  observe d i n th e Cyclop s study .  Student s mostl y 
starte d b y writin g dow n th e equation s the y knew . 

6. Novices don'C apply physical intuition 

Experts seem to apply Co prior quallCacive analysis 
or  physica l  InCuido n Co Ch e proble m befor e accual -
l y startin g t o solv e it .  What  seem s C o character -
is e thi s analysi s i s th e abilit y  t o represen t  th e 
proble m physicall y i n term s o f  som e rea l  worl d 
mechanism s (Larkl n &  Rei f  1979) .  I f  novice s relie d 
on thei r  physica l  intuitio n the y migh t  creat e a 
fals e analysis ,  (a s the y hav e erroneou s idea s abou t 
basi c physic s concepcs) .  I n Ch e Cyclop s stud y 
among th e novice s n o connectio n wit h th e rea l 
worl d i n solvin g th e proble m wa s apparent . 
7. Novices don't categorise problems into types 

and don' t  posses s ric h interna l  representatio n 
The expert has built up a set of fundamental sets 
of  subroutine s fo r  basi c type s o f  problem s an d 
thi s classificatio n int o proble m type s take s 
plac e ver y quickl y (Chi ,  Feltovlc h i  Glase r  1980) . 
An investigatio n o f  thi s appear s i n Chi ,  Glase r  & 
Rees (1981) .  I n answe r  t o th e questio n 'ho w doe s 
an exper t  construc t  a  mor e efficien t  subroutin e fo r 
a comple x problem? '  the y repl y tha t  'th e facilit y 
lie s i n th e ric h interna l  representatio n th e 
exper t  ha a generated' -  Th e Cyclop s stud y di d no t 
Investigat e thi s claim . 
8. Novices are not goal directed 
An important difference between experts and novices 
i s tha t  expert s ar e confiden t  enoug h tha t  the y wil l 
eventuall y succee d t o b e willin g t o tr y ou t  variou s 
approaches .  I n Ch e Cyclop s study .  Ch e novice s wer e 
playin g a  gam e o f  pretendin g C o solv e th e probleois . 
However  the y kne w tha t  reall y the y couldn' t  s o i t 
didn' t  reall y matte r  wha t  che y wrot e down .  The y 
appeare d t o conspir e wit h Ch e experimente r  t o 
preten d cha t  the y wer e lookin g fo r  a  solutio n pat h 
and mad e al l  sort s o f  met a comments .  " I  see .  .  . 
wel l  suppos e I  try" ,  bu t  Che y wer e Jus t  tryin g t o 
get  an y answe r  s o tha t  th e proble m wlij .  g o away . 
9. Novices use consistent strategies in problem 

solvin g 
Several of the weaker students in the Cyclops study 
had ' a wa y o f  doin g problems' -  Th e protocol s ar e 
littere d wit h statement s like :  "Thi s i s ho w I 
alway s d o problems "  " I  alway s dra w a  diagram "  o r 
"writ e dow n al l  th e equation s I  know "  o r  "writ e 
down everythin g i n sentences" .  Th e las t  exampl e i s 
ver y interestin g an d cam e fro m a  studen t  wh o ha s 
a grea t  dea l  o f  troubl e wit h mathematics .  Sh e say s 
tha t  sh e neve r  know s whethe r  somethin g make s sens e 
unles s sh e ca n writ e i t  dow n i n th e for m o f  a 
sentenc e s o thi s i s ho w sh e argue s he r  wa y t o a 
solution . 
The surprising result of the Cyclops study is chat 
th e poore r  student s di d see m t o b e exhibitin g som e 
sor t  o f  consisten t  wa y o f  copin g wit h bein g aske d 
t o d o physic s problem s whic h the y didn' t  kno w ho w 
t o do .  Thi s i s ronlniscen t  o f  Kath y Larkln' s 
experienc e o f  adult s doin g arithmeti c problems . 

They could remember how to do some things - they 
had 'Island s o f  Knowledge '  (Larkin ,  1978) ,  Th e 
adult s i n th e Cyclop s stud y ha d 'Island s o f 
tactics' -  The y wer e no t  basin g thei r  behaviou r 
on understandin g o f  physic s bu t  o n som e sor t  o f 
'copin g strategy' . 

Discussion - The first four claims seem incon-132 



trlvertable .  Th e flfc h i s substantiate d I n th e 
literatur e bu t  seem s i n contradictio n t o th e 
eight h clai m fro m th e presen t  Cyclop s stud y tha t 
novice s aren' t  goa l  directed .  The y onl y occasion -
all y conspir e wit h th e experimente r  t o preten d Cha y 
are .  Th e sixt h an d sevent h clai m ar e als o sub -
stantiate d thoug h vha t  ' a ric h interna l  represen -
tation '  mean s ha s ye t  t o b e define d o r  demonstra -
ted .  Mos t  o f  thes e claim s ar e i n fac t  disclaimer s 
-  they'r e statement s abou t  vha t  th e novice s don' t 
do.  Th e nint h clai m i s mad e o n th e basi s o f  th e 
presen t  stud y an d remain s t o b e full y substantia -
te d -  an d i t  i s  a  positiv e claim .  Th e tent h clai m 
i s i n fac t  a  piou s hope .  Larki n &  Rel f  (1979 )  hav e 
designe d instructio n base d o n thei r  model s o f 
exper t  physic s proble m solver s bu t  th e effect s o f 
th e Instructio n hav e no t  bee n extensivel y tested . 
The Cyclops study will be developed to investigate 
how bes t  instructio n ca n b e designe d t o improv e 
th e performanc e o f  novic e physic s proble m solvers . 
tlan y o f  th e claim s discusse d abov e whil e wel l 
substantiate d don' t  see m t o provid e man y clue s 
abou t  ho w t o d o this .  Correctin g erroneou s idea s 
abou t  basi c physic s concept s i s highl y relevan t 
and may eve n b e relate d t o th e questio n o f  physica l 
intuitio n an d ric h interna l  representation .  (Rei f 
a Helle r  1982) .  Als o Importan t  ar e question s o f 
strateg y checkin g bac k etc .  T o procee d furthe r 
model s mus t  b e buil t  whic h reflec t  th e feature s 
of  novic e proble m solvin g whic h instructio n woul d 
be designe d t o remedy . 
Three options for this modelling are possible. 
construct models based on the means ends 

knowledg e developmen t  distinctio n (e.g . 
Larki n &  Simon ,  1981 ) 

take an expert system and alter it to 
generat e th e type s o f  error s whic h student s 
make (e.g .  Pries t  1979 ) 

construct models based on the notion of a 
direc t  translatio n mode l  o f  physic s proble m 
solving . 

The first option is one which has already been 
explored .  Larkin ,  McDermott ,  Simo n an d Simo n 
(1980 )  describ e tw o relate d model s -  th e knowledg e 
developmen t  mode l  whic h simulate s exper t  behaviou r 
and th e Mean s En d mode l  fo r  novices .  Thes e ar e a 
developmen t  o f  th e Simo n an d Simo n workin g forwar d 
and backwar d model s whic h solv e dynamic s (a s wel l 
as kinematic )  problem s an d ar e mor e elaborate d t o 
simulat e behaviou r  mor e closely .  Th e similaritie s 
betwee n thes e tw o method s ar e mor e importan t  tha n 
th e differences .  Bot h requir e a n over t  statemen t 
of  goals .  I n th e Cyclop s stud y th e novic e student s 
didn' t  hav e goal s however .  Thes e model s see m to o 
sophisticate d t o eve r  generat e th e type s o f  erro r 
see n i n th e study . 
A similar objection can be raised to the second 
option .  Mech o i s a  progra m writte n i n Prolo g whic h 
solve s a  wid e rang e o f  mechanic s problem s fro m 
statement s i n Englis h (Bund y 1979) .  Bot h Mech o an d 
als o Isaa c (Nova k 1976 )  coul d i n principl e b e 
altere d t o generat e th e type s o f  error s describe d 
abov e (Pries t  1979) .  Howeve r  th e behaviou r  o f 
thes e novice s see m muc h to o inexper t  fo r  tha t  t o 
see m psychologicall y valid . 
We propose to take a direct translation program 
lik e STUDENT (Bobro w 1968 )  whic h operate s I n th e 
domai n o f  algebr a stor y problem s an d alte r  i t  t o 
handl e thes e limite d physic s problems .  Student s i n 
th e Cyclop s stud y confuse d velocit y wit h accelera -
tion ,  treate d an y quantitie s i n th e proble m almos t 

as bein g completel y inter-changeable .  Thi s progra m 
woul d b e abl e t o generat e suc h error s an d accoun t 
fo r  man y o f  th e error s observe d I n th e study .  I f 
suc h a  mode l  coul d generat e a  larg e proportio n o f 
th e error s observed ,  thi s woul d provid e stron g 
evidenc e o f  th e nee d fo r  instructio n t o correc t  th e 
misconcepts . 
Assuming this activity was successful how could it 
be use d t o advantag e t o desig n som e physic s 
Instruction ? Ther e ar e tw o complementar y approach -

Firstl y i t  i s  necessar y t o buil d confidence .  Th e 
consistenc y o f  strategie s observe d amon g novice s 
i s I n fac t  a  weaknes s whic h need s t o b e corrected . 
They wer e probabl y sufferin g fro m a  lac k o f  confi -
denc e whic h woul d allo w the m t o explor e alternativ e 
method s o f  solution .  The y nee d mor e opportunitie s 
t o explor e these . 
Secondly misconcepts should be corrected. The 
literatur e o n compute r  game s applie d t o physic s 
(VJhit e 1980 )  i s attractive .  Thes e provid e a  wa y 
of  combinin g a n ai d fo r  th e exploratio n o f  concept s 
wit h a  wa y o f  flexibl y explorin g ho w t o solv e a 
proble m tha t  migh t  b e enjoyable .  Th e modellin g 
activit y describe d abov e woul d provid e a  basi s o n 
whic h th e exploratio n o f  concept s i n th e gam e woul d 
be designed . 
Conclusion - Many claims about how novices solve 
problem s hav e bee n made .  B y usin g synchronise d 
audi o tap e an d pape r  an d penci l  workin g records , 
i t  ha s prove d possibl e t o investigat e mor e care -
full y th e exten t  t o whic h som e o f  thes e claim s ar e 
true .  A  stronge r  tes t  wil l  b e t o bas e instruc -
tiona l  materia l  directl y o n th e type s o f  miscon -
cept s an d affectiv e feature s associate d wit h thi s 
vie w o f  novice s physic s proble m solvin g behaviour . Acknowledgemen t  -  We ar e gratefu l  t o Jo n Slac k fo r 
helpfu l  comment s o n draft s o f  thi s pape r  an d t o 
Andy d i  Sessa ,  Pau l  Feltovich ,  Jil l  Larkin ,  Fre d 
Rei f  an d Richar d Youn g fo r  helpfu l  discussions . 
Our  thank s ar e als o du e t o Clair e Jone s fo r  typin g 
thi s paper . 
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Fig .  1  Seve n type s o f  error s identifie d i n th e 
Cyclop s stud y 

2. 

Confusin g th e meanin g o f  th e variou s 
term s use d (velocit y wit h accelerat -
ion ,  velocit y wit h speed ,  spee d an d 
acceleratio n wit h posit ion ,  averag e 
velocit y wit h instantaneou s 
velocity ) 

Incorrec t  interpretatio n o f  th e 
wor d 'uniform ' 

3.  Misreadin g o f  item s i n th e proble m 
statemen t 

4 .  Drawin g misleadin g diagram s 

5.  Incorrectl y rememberin g equation s o f 
motio n t o b e use d 

6.  Substitutin g th e wron g value s int o 
th e equation s o f  motion s 

7.  Misunderstandin g th e meanin g o f  a 
variabl e i n a n equatio n 
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