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Abstrac t 

Although tutoring by expert human tutors is usually 
effective ,  i t  i s  no t  always .  B y contrastin g case s wher e 
tutorin g doe s an d doe s no t  resul t  i n learning ,  w e ca n fin d ou t 
what  cause s learnin g durin g tutoring .  Approximatel y 12 5 
hour s o f  physic s tutoria l  dialo g wer e analyze d t o se e wha t 
feature s o f  th e dialo g wer e associate d wit h learning . 
Successfu l  learnin g appear s t o requir e tha t  th e studen t  mak e 
an erro r  o r  reac h a n impasse ;  to o muc h hel p ca n preven t 
learning .  Feature s o f  successfu l  tutoria l  explanation s appea r 
t o b e differen t  fo r  differen t  piece s o f  knowledge .  Fo r 
instance ,  som e piece s o f  knowledg e ar e learne d onl y i f  th e 
tuto r  emphasize s generalization ,  wherea s othe r  learnin g 
require s tha t  th e tuto r  fu-s t  explai n wh y th e student' s erro r  i s 
wrong . 

In t roduc t io n 

Tutorin g b y a n exper t  huma n tuto r  i s  on e o f  th e mos t 

effectiv e form s o f  instructio n know n (Bloom ,  1984) . 

However ,  no t  al l  tutorin g i s equall y effective .  Th e researc h 

presente d her e trie s t o fin d ou t  wha t  distinguishe s effectiv e 

tutorin g from  ineffectiv e tutoring .  Th e result s hav e 

implication s no t  onl y fo r  theorie s o f  learning ,  bu t  als o fo r 

improvin g bot h h u m a n an d compute r  tutoring . 

Methods 

A stud y wa s conducte d i n whic h 2  exper t  physic s nator s 

worke d wit h 4 2 colleg e student s fo r  approximatel y 3  hour s 

each .  Th e student s wer e teste d befor e an d afte r  th e tutorin g 

sessio n i n orde r  t o determin e wha t  the y learned .  Tutorin g 

session s wer e recorde d an d selecte d recording s wer e 

transcribe d fo r  analysis . 

Th e 5  physic s problem s covere d i n th e tutorin g session s 

wer e analyze d i n orde r  t o find  ou t  wha t  rule s th e student s 

coul d learn .  W e us e "rule "  t o stan d fo r  an y piec e o f  physic s 

knowledge ,  bot h procedura l  an d conceptual .  Fo r  instance , 

on e rul e is ,  "I f  a  tau t  strin g i s attache d t o a n object ,  ther e i s 

a tensio n forc e o n th e objec t  exerte d b y th e string. "  Th e 

physic s rule s wer e th e one s use d i n Ande s (VanLehn , 

1996) ,  Pol a (Conat i  &  VanLehn .  1995) ,  Ola e (Marti n & 

VanLehn .  1995 )  an d Cascad e (VanLehn ,  Jones ,  &  Chi , 

1992) . 

A tes t  wa s designe d t o asses s th e learnin g o f  eac h rul e 

use d durin g th e trainin g problems .  Th e sam e tes t  wa s use d 

fo r  bot h pre -  an d post-testing . 

For  eac h studen t  an d rule ,  eac h tes t  wa s score d accordin g 

t o whethe r  th e studen t  use d th e rul e o r  no t  ( 2 coders ,  wit h 

an interrate r  reliabilit y o f  .95) .  I f  a  subjec t  faile d t o us e a 

rul e o n th e pre-tes t  bu t  use d i t  o n th e post-test ,  th e subjec t 

was sai d t o "gain "  tha t  rule .  I f  a  subjec t  faile d t o us e a  rul e 

on bot h th e pre -  an d post-tests ,  the n th e subjec t  wa s sai d t o 

"no t  gain "  tha t  rule . 

Sinc e w e coul d no t  feasibl y analyz e al l  4 2 students ,  w e 

chos e a  subse t  o f  8  tha t  woul d maximiz e th e contras t 

among learnin g an d non-learning .  Fo r  eac h o f  th e 2  tutors , 

we selecte d fo r  analysi s th e 2  student s wit h th e mos t  gain s 

and th e 2  student s wit h th e fewes t  gains . 

For  eac h o f  th e 8  subjects ,  potentia l  learnin g event s wer e 

locate d i n th e protocols .  A  potentia l  learnin g even t  i s a n 

episod e wher e th e studen t  ha s th e opportunit y t o lear n on e 

of  th e rule s tha t  th e studen t  misse d o n th e pre-test .  Mor e 

specifically ,  a n episod e wa s classifie d a s a  potentia l 

learnin g even t  i f  th e tuto r  an d studen t  wer e eithe r 

discussin g th e rul e o r  applyin g th e rul e i n orde r  t o solv e th e 

problem . 

General Features 

Our  first  analysi s sough t  t o find  genera l  feature s o f 

potentia l  learnin g event s tha t  woul d explai n wh y som e 

cause d learnin g an d som e di d not .  W e code d th e potentia l 

learnin g event s usin g th e followin g codes ,  the n correlate d 

the m wit h th e gains .  (Pearso n correlation s ar e show n i n 

parenthese s whe n p<.05) . 

•  W h o initiate d th e discussion :  studen t  o r  tutor. ' 

•  Wha t  initiate d th e discussion :  a  student-flagge d error ,  a 

tutor-flagge d erro r  ( r  =  -.24) ,  o r  th e studen t  gettin g 

stuck ? 

•  H o w m a n y o f  th e ke y idea s behin d th e rul e wer e 

mentione d b y th e tutor ? B y th e student. ' 

•  H o w m a n y misconception s wer e mentione d b y th e 

student ? B y th e tutor ? 
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•  W h o firs t  mentione d th e correc t  conclusio n generate d b y 

applyin g th e rule :  th e studen t  ( r  =  .34) ,  th e tutor ,  th e 

studen t  whe n ther e wa s onl y on e plausibl e choice ,  o r 

neither ? 

•  H o w m a n y time s wa s th e correc t  conclusio n mentione d 

by th e student ? B y th e tuto r  ( r  =  -.24) ? 

•  H o w m a n y word s wer e uttere d b y participant s durin g th e 

discussio n ( r  =  -.40) ? 

•  H o w m a n y impasse s o r  error s ( r  =-.29 )  occurre d fo r  thi s 

rul e overall ? 

The codin g wa s don e b y tw o coders .  Th e reliabilitie s wer e 

calculate d separatel y fo r  eac h code ,  an d al l  wer e judge d 

acceptable . 

The patter n o f  correlation s i s consisten t  wit h th e ide a tha t 

some o f  th e rule s wer e harde r  t o lear n tha n others—the y 

require d mor e words ,  cause d mor e errors ,  an d th e error s 

wer e no t  caugh t  b y th e student .  Thi s suggeste d lookin g a t 

th e correlation s wit h th e difficult y o f  th e rul e partiale d out . 

We use d th e numbe r  o f  ke y idea s underlyin g th e rul e a s a 

measur e o f  th e rule' s difficulty .  W h e n difficult y wa s 

partiale d out ,  onl y tw o feature s wer e significantl y 

correlate d wit h gain : 

•  Th e numbe r  o f  word s uttere d b y th e participant s durin g 

discussio n o f  th e rul e ( r  =  -.27) . 

•  Th e numbe r  o f  time s th e correc t  conclusio n wa s first 

generate d b y th e studen t  ( r  =  .30) . 

However ,  neithe r  correlatio n explaine d m u c h o f  th e 

varianc e i n learning .  Thi s suggeste d tha t  ther e wer e othe r 

factor s beside s thes e genera l  feature s tha t  determine d whe n 

a studen t  woul d lear n from a  tutorin g event . 

Rule-Specific Features 

We suspecte d tha t  th e reaso n w e coul d no t  observ e stron g 

explanator y pattern s wa s tha t  ou r  analysi s sough t  a  singl e 

patter n tha t  explaine d ever y rule' s learning .  Perhap s 

differen t  kind s o f  tutoria l  interaction s wer e importan t  fo r 

differen t  rules .  Thus ,  ou r  nex t  analysi s examine d eac h rul e 

separately ,  lookin g fo r  feature s o f  th e tutoria l  dialog s tha t 

explaine d jus t  tha t  rule' s learning . 

Becaus e w e neede d enoug h tutoria l  event s pe r  rul e t o ge t 

statistica l  power ,  w e abandone d th e labo r  savin g devic e o f 

examinin g onl y 8  subject s an d analyze d al l  4 2 subjects . 

However ,  w e di d no t  examin e id l  rules .  W e examine d a 

rul e onl y i f  5  o r  mor e subject s gaine d i t  an d 5  o r  mor e 

subject s faile d t o gai n it .  Thes e constraint s wer e necessar y 

i n orde r  t o hav e enoug h varianc e t o explain .  T h e 

constraint s eliminate d al l  bu t  5  rules . 

We first  checke d whethe r  gain s coul d b e explaine d b y th e 

overal l  competenc e o f  th e students .  Fo r  instance ,  fo r  th e 

fu-s t  rul e discusse d below ,  o f  di e 1 5 student s w h o misse d 

th e rul e o n th e pre-test .  8  gaine d an d 7  di d not ,  an d th e pre -

tes t  score s o f  th e gainer s (25.4 )  wer e no t  significantl y 

differen t  (p=.57 )  from  th e pre-tes t  score s o f  th e non-gainer s 

(27.1) .  I n fact ,  fo r  non e o f  th e 5  rule s wer e th e pre-tes t 

score s o f  th e gainer s significantl y differen t  from  pre-tes t 

score s o f  di e non-gainers . 

For  eac h rule ,  w e separatel y checke d whethe r  th e 

competenc e o f  th e tutor s coul d explai n th e gains .  Fo r  non e 

of  th e 5  rule s wer e gain s associate d wit h tuto r  (Chi-squar e 

test) . 

I n short ,  i t  appear s tha t  learnin g i s associate d wit h wha t 

occurre d durin g th e tutoria l  dialog ,  an d no t  w h o wa s 

involved .  I n eac h o f  th e section s below ,  th e tutoria l  dialo g 

feature s associate d wit h on e rule' s gain s ar e described . 

The Deceleration Rule 

Th e deceleratio n rul e i s "I f  a n objec t  i s  slowin g down ,  the n 

i t  i s  acceleratin g i n th e directio n opposit e it s movement. " 

Thi s rul e wa s taugh t  i n th e contex t  o f  a n elevato r  tha t  i s 

slowin g d o w n a s i t  descends .  Student s w h o kne w th e rul e 

woul d conclud e tha t  th e elevato r  i s acceleratin g upwards . 

On th e tests ,  th e student s ar e aske d t o dra w th e acceleratio n 

of  a  truc k tha t  i s slowin g d o w n whil e movin g rightward s o n 

a horizonta l  surface .  Student s w h o kne w th e rul e woul d 

dra w a  leftwar d horizonta l  arrow . 

Al l  1 5 student s w h o misse d th e rul e o n th e pretes t 

initiall y  faile d durin g fraining  t o correctl y indicat e tha t  th e 

elevator' s acceleratio n wa s upward .  I n al l  cases ,  th e tutor s 

notice d th e erro r  an d provide d remediation .  Th e tutor s 

use d 8  differen t  tactic s t o teac h di e rule ,  including : 

•  T h e nito r  begin s b y askin g th e studen t  fo r  th e definitio n 

of  acceleration ,  whic h is ,  "chang e i n velocit y divide d b y 

th e duration. "  Th e tuto r  nex t  ask s di e studen t  t o dra w 

th e initia l  velocit y o f  th e elevator ,  th e final  velocity ,  an d 

di e chang e i n velocity .  T h e latte r  shoul d b e a  shor t  arro w 

pointin g upwards .  Th e tuto r  the n ask s th e studen t  wha t 

directio n th e acceleratio n o f  th e elevato r  is .  T h e studen t 

shoul d sa y "Up. " 

•  Th e tuto r  pose s a n analog y b y saying ,  "Suppos e I  a m 

movin g north .  W h a t  directio n woul d yo u hav e t o pus h 

me i n orde r  t o slo w m e down? "  Th e studen t  shoul d say , 

"South. "  Th e tuto r  die n ask s th e student ,  "S o accordin g 

t o Newton' s law ,  wha t  directio n woul d m y acceleratio n 

be? "  Th e studen t  shoul d say ,  "Soudi. "  Th e tuto r  die n 

ask s th e studen t  wha t  directio n th e acceleratio n o f  di e 

elevato r  is .  Th e smden t  shoul d say ,  "Up. " 

•  Th e tuto r  use s a  Socrati c approach .  I f  th e studen t  say s 

th e acceleratio n i s downward ,  th e tuto r  ask s wha t  tha t 

woul d d o t o di e velocit y vector .  Th e studen t  shoul d sa y 

tha t  th e velocit y vecto r  get s longer .  Th e mto r  ask s wha t 

dia t  woul d d o t o di e elevator' s speed .  Th e studen t  shoul d 

say dia t  th e elevato r  woul d spee d up .  Th e tuto r  ask s i f 

di e elevato r  i s speedin g up .  T h e studen t  shoul d realiz e 

di e contradictio n an d retrac t  th e belie f  tha t  th e elevato r  i s 

acceleratin g downwards . 

•  T h e tuto r  give s som e kin d o f  mil d negativ e feedback , 

suc h a s "Ar e yo u sur e di e acceleratio n i s downwards? " 

Th e studen t  the n say s somethin g like ,  "No ,  I  mean t 

upwards. " 
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Sometime s th e tutor s woul d tr y on e lin e o f  reasoning ,  the n 

tr y a  secon d i f  th e firs t  seeme d no t  t o work . 

Th e 8  tactic s (line s o f  reasoning )  wer e code d b y tw o 

coders ,  wit h inter-rate r  reliabilit y  o f  .88 .  Th e followin g 

feature s o f  th e tutoria l  dialo g wer e foun d no t  t o b e 

associate d wit h gain : 

•  Whic h lin e o f  reasonin g (tutoria l  tactic )  wa s used . 

•  H o w m a n y line s o f  reasonin g wer e used . 

•  H o w m a n y step s wer e i n th e lin e o f  reasoning ,  o r  h o w 

m a ny step s wer e i n al l  line s o f  reasonin g i f  mor e tha n 

on e wa s used . 

•  H o w m a n y o f  th e step s i n th e line s o f  reasonin g wer e 

explicitl y  presente d (tutor s sometime s skippe d steps) . 

•  H o w m a n y o f  th e step s i n th e line s o f  reasonin g wer e 

produce d b y th e tuto r  vs .  b y th e student . 

•  H o w activ e th e studen t  wa s (numbe r  o f  step s produce d b y 

th e studen t  divide d b y tota l  numbe r  o f  step s produced) . 

•  Whethe r  th e studen t  dre w a  correc t  acceleratio n vecto r  a t 

th e en d o r  merel y stale d tha t  th e acceleratio n wa s 

upward . 

I n othe r  words ,  i t  di d no t  see m t o b e th e line s o f  reasonin g 

or  eve n thei r  qualit y tha t  determine d gain . 

However ,  wha t  wa s reliabl y associate d wit h gai n wa s 

whethe r  th e tuto r  state d a  genera l  versio n o f  th e rule , 

namel y "I f  a  bod y i s slowin g dow n (decelerating) ,  th e 

directio n o f  it s  acceleratio n i s opposit e it s motion " 

(X"=12.4 ,  p=.00O4 ;  Codin g wa s don e b y tw o coder s wit h 

reliabilit y  o f  1.0. )  A  correc t  answe r  t o th e vertica l  trainin g 

situatio n (th e elevato r  problem )  wa s no t  sufficien t  fo r  th e 

studen t  t o answe r  correctl y i n horizonta l  testin g situatio n 

(th e truc k problem) .  I n orde r  t o obtai n generalizatio n an d 

u-ansfer .  th e tuto r  ha d t o mentio n th e critica l  concept s 

"slowin g d o w n "  an d "opposite. " 

The Knot Rule 

Student s ofte n thin k tha t  th e onl y object s tha t  the y shoul d 

apply  Newton' s la w t o ar e block s an d othe r  object s wit h 

mass.  However ,  fo r  som e problems ,  massles s object s ar e 

th e appropriat e choic e fo r  th e "body. "  (Physicist s us e 

"body "  t o mea n th e objec t  tha t  on e wil l  appl y Newton' s la w 

to. )  A  c o m m o n massles s objec t  i s  a  kno t  forme d b y tyin g 

togethe r  severa l  massles s strings .  Ideally ,  th e rul e t o b e 

learne d is .  " A massles s objec t  ca n b e a  body. "  However , 

di e onl y massles s object s use d i n ou r  problem s ar e knots ,  s o 

student s m a y hav e learne d onl y th e mor e specifi c  rule ,  " A 

kno t  ca n b e a  body. " 

I n th e training ,  thi s rul e wa s use d o n a  proble m wher e 

tw o block s ar e hun g from a  harnes s o f  5  massles s string s 

tha t  ha s tw o knot s (se e Figur e 1) .  Th e correc t  solutio n 

follow s from  applyin g Newton' s la w onc e fo r  eac h knot .  I n 

th e testing ,  th e rul e wa s use d o n a  proble m wher e tw o m e n 

ar e pullin g a  car t  wit h a  harnes s tha t  ha s 3  string s an d on e 

knot .  Thus ,  student s mus t  transfe r  th e applicatio n o f  th e 

rul e from a  vertica l  cas e t o a  horizonta l  case ,  an d from a 

mor e comple x harnes s t o a  simple r  one . 

\  / 
\ 

u 

X 

Trainin g proble m 

> ^  ma n I 

man 2 

Tes t 

car t 

H 1 

proble m 

Figur e 1 

Tutoring on the knot rule proceeded as follows. Tutors 

sometime s mentione d quit e earl y i n th e proble m tha t  ther e 

was a  kno t  a t  th e junctio n o f  th e strings ,  bu t  the y di d no t  a t 

tha t  tim e mentio n dia t  knot s coul d b e bodies .  W h e n the y 

came t o th e par t  o f  th e proble m wher e a  bod y need s t o b e 

chosen ,  die y eithe r  explicitl y  state d tha t  a  bod y mus t  b e 

chose n (2 0 cases )  o r  di d no t  explicitl y  stat e thi s (1 6 cases) . 

I f  the y di d no t  stat e tha t  a  bod y mus t  b e chosen ,  the n the y 

jus t  starte d usin g knot s a s bodies ,  fo r  instance ,  b y askin g 

th e studen t  t o dra w th e force s actin g o n on e o f  th e knots .  I f 

di e tuto r  state d tha t  a  bod y mus t  b e chosen ,  the n sometime s 

th e tutor s chos e th e kno t  diemselve s ( 4 cases )  an d 

sometime s the y aske d th e studen t  t o choos e th e bod y (1 6 

cases) .  W h e n th e student s chos e di e body ,  di e studen t 

usuall y chos e incorrectl y (1 4 cases) .  Regardles s o f  w h o 

chos e di e kno t  a s th e body ,  th e mto r  woul d sometime s 

explai n di e rul e (1 3 cases) .  Durin g thos e explanations , 

the y woul d sometime s ( 6 cases )  stat e a  genera l  versio n o f 

th e rule ,  suc h a s " A bod y shoul d b e chose n tha t  connect s 

object s wid i  know n propertie s t o object s whos e propertie s 

we seek. " 

Th e followin g feature s wer e associate d wit h gain : 

•  Whethe r  a  studen t  incorrectl y chos e di e bod y (1 4 

cases )  o r  no t  (2 2 cases) .  (%^=6.5 ,  p=.011 ) 

•  Whethe r  a  studen t  chos e di e bod y (1 6 cases )  o r  no t 

(2 0 cases) .  (%'=10.2 ,  =.0014 ) 

•  Whedie r  di e tuto r  state d tha t  a  bod y need s t o b e 

chose n (2 0 cases )  o r  no t  (1 6 cases) .  (X'=6.1 .  p=.014 ) 

Becaus e thes e feature s ar e nested ,  w e believ e i t  i s  reall y di e 

fu-s t  featur e (errors )  tha t  make s a  difference .  Tha t  is .  di e 

snident s w h o chos e a  bod y incorrectl y ar e a  subse t  o f  di e 

student s w h o chos e a  body ,  w h o ar e i n tur n a  subse t  o f  di e 

student s w h o hear d th e tuto r  stat e tha t  a  bod y need s t o b e 

chosen .  Ther e ar e enoug h gainer s i n th e smalles t  se t  t o 

caus e al l  thre e set s t o b e reliabl y associate d wid i  gains . 

Thi s interpretatio n i s consisten t  wit h di e fac t  b y th e tim e 

th e kno t  rul e come s up ,  di e tuto r  an d studen t  hav e afread y 

discusse d m a n y time s th e nee d t o choos e a  body ,  s o 

mentionin g i t  on e mor e tim e probabl y doesn' t  mak e muc h 

difference .  Thus ,  i t  i s  mor e likel y tha t  th e gain s wer e 

cause d b y makin g errors . 

Th e followin g feature s wer e no t  correlate d wit h gain : 

•  Whethe r  th e tuto r  state d dia t  di e kno t  i s  a n object . 
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•  Whethe r  th e tuto r  explaine d w h y th e student' s choic e 

of  bod y i s wron g (e.g. ,  b y demonstratin g tha t  choosin g 

a weigh t  a s a  bod y lead s t o a  dead-end) . 

•  Whethe r  th e tuto r  explaine d w h y knot s shoul d b e u.se d 

as bodie s (e.g. ,  "Yo u wan t  t o relat e T 3 an d W l ,  an d 

tha t  kno t  i s wha t  yo u need. "  ) . 

•  Whethe r  th e tuto r  state d th e rul e i n genera l  form . 

The non-significanc e o f  thes e feature s show s tha t  th e 

tutors '  explanation s ar e no t  associate d wit h gain .  Becaus e 

th e tutor s alway s gav e explanation s afte r  th e studen t  m a d e 

an error ,  an d error s ar e associate d wit h gains ,  i t  migh t  hav e 

been though t  tha t  i t  i s  th e explanation s an d no t  th e error s 

tha t  ar e critica l  fo r  learning .  However ,  th e tutor s tende d t o 

explai n th e kno t  rul e eve n whe n student s di d no t  m a k e a n 

error .  Apparentl y thes e explanation s wer e no t  effective , 

becaus e explanation s overal l  wer e no t  associate d wit h 

gains . 

Unlik e th e deceleratio n rule ,  ther e wa s n o valu e (o r 

harm )  i n statin g th e kno t  rul e i n a  mor e genera l  form . 

However ,  generalizatio n o f  th e kno t  rul e wa s no t  require d 

fo r  solvin g th e tes t  proble m becaus e i t  als o involve d a  knot . 

The Compound Body Rule 

Some physic s problem s ar e easie r  t o solv e i f  on e treat s tw o 

or  mor e object s tha t  m o v e togethe r  a s a  singl e body .  Fo r 

instance ,  i f  th e proble m ask s fo r  th e acceleratio n o f  a  4 0 k g 

boy o n a  1 0 k g sle d tha t  i s slidin g dow n a  hill ,  the n i t  i s 

easies t  t o trea t  th e boy/sle d combinatio n a s a  singl e 5 0 k g 

body .  Th e compoun d bod y rul e is ,  " A se t  o f  object s tha t 

move togethe r  ca n b e considere d a  singl e body. "  I t  i s 

taugh t  i n th e contex t  o f  a  proble m wher e tw o blocks ,  on e 

sittin g o n to p o f  th e other ,  slid e dow n a  frictionles s incline d 

plane .  I t  i s  teste d i n th e contex t  o f  a  proble m wher e tw o 

adjacen t  block s si t  o n a  horizonta l  firictionless  plane ,  an d a 

horizonta l  forc e i s applie d t o th e lef t  sid e o f  th e lef t  block . 

The tutoria l  dialog s ha d th e followin g genera l  form . 

Becaus e th e physic s proble m use d i n th e trainin g actuall y 

asked ,  "Wha t  i s th e acceleratio n o f  th e two-bloc k system, " 

i t  strongl y suggest s tha t  on e shoul d choos e a  compoun d 

body .  Nonetheless ,  4  student s mistakenl y chos e a  singl e 

bloc k a s th e body .  Th e othe r  2 1 student s correctl y chos e 

th e tw o block s a s th e bod y bu t  5  showe d uncertaint y (e.g. , 

by askin g th e tuto r  i f  i t  wa s correct) .  Regardles s o f  h o w th e 

body wa s chosen ,  th e tutor s woul d ofte n (2 3 o f  2 5 cases ) 

contir m tha t  th e tw o block s shoul d b e treate d a s a  singl e 

body an d sometime s ( 9 cases )  woul d eve n explai n w h y (i.e. . 

becaus e the y hav e th e sam e acceleratio n o r  becaus e the y 

move together) . 

Of  th e 6  student s w h o gained ,  al l  6  mad e a  mistak e o r 

showe d uncertJiinty ,  wherea s o f  th e 1 9 student s w h o di d no t 

gain ,  mos t  (16 )  m a d e di e correc t  bod y choic e withou t 

comment .  Th e differenc e wa s significan t  (x' = 14.035 ,  p  = 
.0002) .  N o othe r  significim t  difference s wer e foun d amon g 

th e othe r  feature s tha t  w e code d for ,  namely : 

•  Whethe r  th e tuto r  explaine d tha t  th e tw o block s ca n b e 

considere d a  bod y becaus e the y mov e together . 

•  Whethe r  th e tuto r  m a d e an y othe r  explanation s (e.g. , 

ther e i s n o nee d t o conside r  interna l  force s betwee n 

blocks) . 

•  Whethe r  th e tuto r  state d th e rul e i n a  genera l  form . 

•  Whethe r  th e tuto r  aske d th e studen t  t o choos e th e 

body . 

•  Whethe r  th e studen t  mentione d mas s durin g th e 

selectio n o f  th e bod y (becaus e i t  migh t  b e possibl e t o 

wor k th e proble m b y simpl y addin g th e masse s o f  th e 

tw o block s togethe r  instea d o f  conceptualizin g di e pai r 

as a  singl e body) . 

Thes e finding s sugges t  tha t  i n orde r  t o lear n di e compoun d 

bod y rule ,  th e student s neede d t o m a k e a  mistak e o r  sho w 

uncertainty .  A s wit h th e kno t  rule ,  i t  i s  unlikel y tha t 

learnin g wa s cause d solel y b y th e explanatio n dia t  followe d 

th e mistake ,  becaus e explanation s diemselve s wer e no t 

associate d wit h gains . 

A Kinematics Equation 

Ther e ar e severa l  kinematic s (time-rate-distance )  equation s 

use d i n physics ,  an d on e o f  the m i s s=Vot+ /̂ i  at̂ ,  wher e s  i s 

di e distanc e a n objec t  travels ,  t  i s  th e duratio n o f  travel ,  v o 

i s th e object' s initia l  velocit y an d a  i s di e object' s 

acceleration .  Durin g training ,  thi s equatio n i s use d i n a 

proble m wher e a  bloc k start s a t  res t  an d slide s d o w n a n 

incline d plan e fo r  2  seconds .  I t  i s  teste d b y askin g h o w fa r 

an objec t  travel s durin g 1 0 second s whe n startin g fi-om  res t 

an d acceleratin g a t  5  m/s" . 

Th e tutoria l  dialog s fo r  Uii s rul e ha d di e followin g 

genera l  form .  Non e o f  th e student s wa s abl e t o produc e a 

correc t  versio n o f  th e equation .  S o m e produce d incorrec t 

equation s (1 3 cases) ,  an d som e coul d no t  produc e an y 

equatio n ( 9 cases) .  I f  th e studen t  coul d no t  suppl y a n 

equation ,  the n di e tuto r  di d s o an d sometime s justifie d i t  b y 

derivin g i t  fro m th e definition s o f  velocit y an d acceleratio n 

vi a eithe r  calculu s ( 2 cases )  o r  algebr a ( 1 case) .  I f  di e 

studen t  produce d a n incorrec t  equation ,  th e tutor s 

responde d i n tw o ways : 

•  Sometime s ( 6 cases )  di e tuto r  explaine d w h y th e 

student' s erro r  wa s wrong .  Fo r  instance ,  a  c o m m o n 

erro r  wa s t o us e s=vt ,  wher e v  i s suppose d t o b e th e 

averag e velocit y bu t  student s use d di e tina l  velocit y 

instead .  Tutor s pointe d thi s ou t  jui d suggeste d usin g 

th e targe t  equatio n instead .  I n 2  o f  th e cases ,  th e tuto r 

justifie d di e targe t  equado n b y derivin g i t  vi a calculus . 

•  Sometime s ( 7 cases )  th e tuto r  di d no t  explai n w h y th e 

student' s equatio n wa s wrong .  Fo r  instance ,  whe n 

on e studen t  use d s=ar ,  th e tuto r  sunpl y pointe d ou t 

tha t  i t  shoul d b e s='/2at' .  Additionally ,  i n 3  cases ,  th e 

tuto r  derive d di e equatio n vi a calculus . 

T wo feature s wer e associate d wit h gains .  First ,  i f  th e 

studen t  produce d a n incorrec t  equatio n an d th e tuto r  di d 

not  explai n w h y i t  wa s wrong ,  the n student s rarel y (i n 1  o f 
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7 cases )  gained ;  bu t  i f  th e tuto r  explaine d w h y th e equatio n 

was wrong ,  the n the y usuall y (i n 4  o f  6  cases )  gained , 

whic h wa s a  signific<m t  differenc e (x'=3.8 ,  p=.053) . 

Second ,  wheneve r  th e tutor s derive d th e targe t  equatio n vi a 

calculus ,  th e student s neve r  (ou t  o f  7  cases )  gained ,  whic h 

was a  significan t  differenc e (X^=5.9 .  p=.015) . 

Othe r  feature s tha t  w e code d wer e no t  associate d wit h 

gain : 

•  Whethe r  th e studen t  produce d a n incorrec t  equatio n o r 

n o equation . 

•  Whethe r  th e studen t  gav e a n incorrec t  answe r  o n th e 

pre-tes t  o r  gav e n o answe r  o n th e pre-test . 

•  Whethe r  th e studen t  m a d e th e sam e mistak e the y 

m a de o n th e pre-test . 

•  Whethe r  th e kinematic s equatio n wa s discusse d befor e 

or  afte r  th e valu e o f  acceleratio n wa s foun d (an d thus , 

coul d b e substitute d int o th e equation) . 

•  Whethe r  th e tuto r  aske d th e studen t  t o n a m e o r  giv e 

value s fo r  th e variable s i n th e equation . 

•  Whethe r  th e studen t  use d th e equatio n durin g trainin g 

t o calculat e a  numerica l  valu e fo r  th e distance . 

Thes e findings  sugges t  tha t  merel y correctin g a  mistake n 

equatio n wa s no t  sufficien t  t o remed y th e bugg y knowledge ; 

th e tuto r  shoul d hav e explaine d w h y th e erro r  wa s wrong . 

W h en teachin g th e targe t  equation ,  th e tutor s use d differen t 

kind s o f  explanations ,  bu t  usin g calculu s t o deriv e th e 

targe t  equatio n apparentl y onl y confuse d th e students . 

The Rotated Axes Rule 

W h en solvin g physic s problem s tha t  hav e force s arraye d i n 

tw o dimensions ,  i t  i s  sometime s convenien t  t o us e 

coordinat e axe s tha t  ar e tilte d fro m thei r  usua l  horizonta l 

and vertica l  orientation .  Fo r  instance ,  i f  a  bloc k slide s 

d o wn a n incline d plane ,  the n simple r  equation s ar e 

produce d b y makin g th e x-axi s paralle l  t o th e plan e an d th e 

y-axi s perpendicula r  t o th e plane .  Durin g training ,  th e 

rotate d axi s rul e wa s use d o n tw o inclined-plan e problems , 

althoug h w e analyze d onl y di e first  one .  Durin g testing , 

student s wer e show n a n objec t  wit h force s draw n o n i t  an d 

aske d t o dra w coordinat e axes . 

Tutors "  explanation s wer e usuall y base d o n a n overl y 

specifi c  versio n o f  th e rule ,  namely ,  tha t  th e axe s shoul d b e 

rotate d t o alig n wit h th e direcfio n o f  motion .  Althoug h thi s 

versio n o f  th e rul e applie s t o th e trainin g problems ,  i t  doe s 

not  appl y i n th e tes t  problem ,  whos e bod y i s stationary . 

T h e mor e genera l  versio n o f  th e rul e i s t o rotat e th e axe s s o 

tha t  on e axi s i s aligne d wit h th e vecto r  on e seeks .  Fo r  mos t 

problem s wit h movin g objects ,  th e sough t  quanut y i s 

usuall y a  kinemati c quantit y suc h a s acceleration ,  whic h i s 

w hy th e overl y specifi c  versio n o f  th e rul e usuall y works . 

Th e tutor s discusse d th e genera l  versio n o f  th e rul e onl y 

once ,  althoug h the y coul d hav e mentione d i t  o n subsequen t 

problems ,  whic h w e di d no t  analyze . 

Th e tutorin g o f  th e rotate d axe s rul e proceede d a s 

follows .  I n 1 2 cases ,  th e tuto r  suggeste d rotatin g th e axe s 

befor e givin g th e studen t  a  chanc e t o dra w them .  I n th e 

remainin g 5  cases ,  th e studen t  chos e th e axe s an d usuall y 

( 4 cases )  chos e non-rotate d ones .  However ,  eve n i f  th e 

tuto r  di d sugges t  rotatin g th e axes ,  I  o f  th e 1 2 student s 

apparentl y misunderstood ,  becaus e th e studen t  faile d t o 

rotat e th e axe s eve n afte r  receivin g th e suggesfion .  O n th e 

othe r  hand ,  i f  the y di d choos e correctly ,  the y di d no t 

expres s uncertainty .  Regardles s o f  h o w th e axe s wer e 

chosen ,  th e tutor s ofte n (1 6 o r  1 7 cases )  gav e a  shor t 

explanatio n o f  th e rul e (e.g. ,  "It'l l  sav e yo u wor k i f  yo u 

rotat e th e axe s s o x  align s wit h th e acceleration.") . 

T h e majo r  featur e tha t  predicte d gain s wa s whethe r  o r 

not  th e studen t  mad e a n erro r  b y drawin g a  non-rotate d 

axis .  O f  di e 5  student s w h o mad e di e mistake ,  4  wer e 

gainers .  O f  th e 1 2 student s w h o di d no t  m a k e a  mistake , 

onl y 3  wer e gainers .  (x^=4.4 ,  p=.036) . 

Othe r  feature s tha t  wer e no t  associate d wit h gain s 

include : 

•  Whethe r  th e tuto r  explaine d th e benefit s o f  rotatin g 

th e axes . 

•  Whethe r  th e tuto r  mentione d th e overl y specifi c 

versio n o f  th e rule . 

•  Whethe r  forc e vector s wer e draw n befor e o r  afte r  th e 

coordinat e axes . 

•  Whethe r  a  proble m dia t  require d a  single ,  vertica l  axi s 

had di e axi s labele d x  o r  y .  Labelin g i t  x  coul d b e 

interprete d a s rotatin g th e axe s b y 9 0 degrees . 

As wit h th e kno t  an d compoun d bod y rule ,  i t  i s  error s 

rathe r  tha n di e explanation s tha t  ar e associate d wit h gain . 

Discussion 

Our  origina l  hypothesi s wa s tha t  effecfiv e potentia l 

learnin g event s coul d b e discriminate d fi^om  ineffecriv e 

one s o n th e basi s o f  genera l  features ,  suc h a s 

1.  W h o (studen t  vs .  tutor )  an d wha t  (erro r  vs .  question ) 

initiate d th e event ? 

2.  H o w m a n y ke y idea s behin d di e rul e wer e mentioned ? 

3.  H o w m a n y word s wer e uttere d b y participant s durin g 

di e discussion ? 

4.  H o w m a n y time s wa s th e correc t  conclusio n first 

generate d b y di e student ? 

Onl y th e las t  tw o feature s turne d ou t  t o b e significantl y 

correlate d wit h learning .  Featur e 3  suggest s dia t  long -

winde d explanation s thwar t  learning .  However . 

discussion s generall y continu e unti l  di e tuto r  judge s dia t 

th e studen t  ha s learne d th e rul e o r  di e tuto r  give s up .  Thus , 

shor t  discussion s occurre d wheneve r  di e tuto r  foun d i t  eas y 

t o teac h di e rul e t o di e student ,  an d i n dios e cases ,  di e 

smdent  tende d t o appl y di e rul e o n di e post-test .  Thus ,  i t 

coul d b e lac k o f  learnin g dia t  cause s lon g discussion s an d 

not  vic e versa . 

Featur e 4  ha s tw o interpretations .  First ,  i t  suggest s tha t 

when tutor s le t  student s produc e th e first  correc t  applicatio n 

of  di e rul e diemselves .  die n di e student s ten d als o t o 

construc t  th e rul e themselves ,  an d dii s produce s succes s o n 
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th e post-test .  However ,  i t  ma y als o b e tha t  wheneve r  a  tuto r 

sees tha t  a  studen t  i s no t  learnin g a  rul e despit e th e tutor' s 

best  efforts ,  th e tuto r  applie s th e rul e instea d o f 

embarrassin g th e studen t  an y further ,  an d i n thes e cases , 

th e studen t  tend s no t  t o appl y th e rul e o n th e post-test . 

Althoug h interesting ,  non e o f  thes e genera l  feature s 

explai n muc h o f  th e variance .  Thi s suggeste d examinin g 

rule-specifi c  features . 

Fiv e rule s wer e analyze d t o se e wha t  feature s o f  th e 

tutoria l  dialog s discriminate d student s wh o learne d th e rul e 

from  student s wh o faile d t o lear n it .  Th e feature s 

associate d wit h learnin g wer e differen t  wit h differen t  rules : 

•  Fo r  th e kno t  rule ,  th e compoun d bod y rule ,  an d th e 

rotate d axe s rule ,  student s wh o mad e a n erro r  tende d 

t o gain .  Fo r  th e compoun d bod y rule ,  student s wh o 

applie d th e rul e correctl y bu t  expresse d uncertaint y 

als o tende d t o gain .  Fo r  al l  3  rules ,  i f  th e tuto r 

applie d th e rul e o r  th e studen t  applie d th e rul e 

correctl y withou t  expressin g uncertainly ,  the n th e 

student s tende d no t  t o gain . 

For  th e deceleratio n rule ,  onl y student s wh o hear d a 

generalizatio n o f  th e rul e tende d t o gain . 

•  I f  a  studen t  produce d a n incorrec t  kinematic s 

equation ,  explainin g wh y i t  wa s wron g produce d 

gains .  Correctin g th e equatio n withou t  explainin g 

why i t  wa s wron g di d no t  produc e gains . 

•  I f  th e targe t  kinematic s equatio n wa s explaine d b y 

usin g calculu s t o deriv e i t  fro m th e definition s o f 

velocit y an d acceleration ,  the n student s di d no t  gain . 

Fro m thes e findings ,  severa l  genera l  observation s ca n b e 

made. 

First ,  i t  seem s essentia l  tha t  student s becom e awar e tha t 

the y hav e a  knowledg e deficit .  I n th e case s o f  th e 

deceleratio n an d kinematic s rules ,  al l  student s eithe r  mad e 

an erro r  o r  go t  stuck ,  an d thu s realize d tha t  thei r 

knowledg e wa s eithe r  incorrec t  o r  incomplete .  I n di e case s 

of  th e knot ,  compoun d body ,  an d rotate d axe s rules ,  onl y 

some student s mad e error s o r  go t  stuck ,  an d the y wer e th e 

ones tha t  tende d t o gain .  I f  th e tutor s eithe r  applie d th e 

rule s themselve s o r  provide d suc h stron g hint s tha t  th e 

student s coul d easil y appl y th e rul e correctly ,  the n th e 

student s ma y no t  hav e realize d tha t  thei r  knowledg e wa s 

flawed,  whic h coul d explai n wh y the y tende d no t  t o gain . 

However ,  eve n i f  th e student s realize d tha t  the y ha d a 

knowledg e defect ,  the y di d no t  necessaril y  lear n fro m th e 

tutoring .  Whe n di e explanatio n involve d les s familia r 

backgroun d knowledge ,  suc h a s calculus ,  th e explanatio n 

may onl y hav e confuse d th e students .  Tw o o f  di e rules ,  th e 

deceleratio n rul e an d th e roLite d axe s rule ,  require d som e 

generalizatio n i n orde r  t o b e use d successfull y o n th e post -

test .  I n th e cas e o f  th e deceleratio n rule ,  whe n th e tutor s 

mentione d th e genera l  rule ,  di e student s tende d t o gain . 

Remedyin g misconception s tha t  produce d incorrec t 

kinematic s equation s seeme d t o requir e tha t  th e tuto r 

explai n wh y th e misconception s wer e wrong .  Thi s i s 

surprising ,  give n Uia t  Sieeman ,  Kelley ,  Maninak ,  War d 

;md Moor e (1989 )  foun d tha t  tutor s wh o explaine d wh y 

algebr a "mal-rules "  wer e wron g di d n o bette r  tha n tutor s 

who merel y sai d tha t  di e rul e wa s wron g withou t 

explainin g why .  Thei r  resul t  i s consisten t  wit h mos t  o f  th e 

rule s i n dii s  study ,  wher e gain s wer e no t  associate d wid i 

explanation s o f  wh y error s wer e wrong .  Apparently ,  a  fe w 

misconception s mus t  b e "untaught "  whil e other s ca n simpl y 

be overridden . 

Fro m a  practica l  standpoint ,  tw o heuristic s fo r  tutorin g 

emerge from  dies e data .  First ,  tutor s shoul d le t  student s 

make mistake s instea d o f  usurpin g th e opportunit y b y 

givin g stron g hint s o r  doin g th e reasonin g themselves . 

Thi s heuristi c mus t  b e applie d wit h caution ,  sinc e w e onl y 

measure d th e students '  learnin g an d no t  th e chang e i n thei r 

modvatio n o r  interest ,  whic h coul d b e negativel y affecte d 

by lettin g die m mak e errors .  Th e secon d heuristi c i s tha t 

differen t  rule s ma y requir e differen t  emphase s durin g 

tutoria l  explanations .  Thi s coul d b e a  significan t  challeng e 

to r  developer s o f  intelligen t  tutorin g systems ,  sinc e i t 

necessitate s findin g out ,  fo r  eac h rule ,  wha t  make s tha t  rul e 

difficul t  t o learn . 
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