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A b s t r a c t 

Recentl y ther e ha s been  controvers y abou t  whethe r 
Intelligen t  Tutorin g System s are .  eve n potentially , 
more effectiv e tha n standar d C A L programs ,  tha t  is , 
whethe r  i t  i s  educationall y mor e valuabl e t o attemp t 
t o identif y th e caus e o f  user' s mistake s rathe r  tha n 
merel y explai n th e correc t  method .  Thi s issu e wa s 
addresse d b y comparativ e testin g o f  tw o version s o f 
th e S U M I T Intelligen t  Tutorin g Assistan t  fo r 
arithmeti c usin g a  diagnosti c version ,  whic h 
diagnose d error s an d gav e appropriat e messages ,  an d a 
'CAL '  versio n wa s identica l  i n al l  respect s excep t  tha t 
i t  mad e n o diagnose s an d therefor e gav e standar d erro r 
message s indicatin g th e correc t  method .  I n a 
comparativ e stud y o f  th e tw o versions ,  a  clas s o f  9 
year  ol d childre n wer e flrst  divide d int o tw o matche d 
group s o n th e basi s o f  a  penci l  an d pape r  pre-tesi , 
the n bot h group s ha d tw o 3 0 minut e individua l 
session s wit h th e appropriat e versio n o f  S U M I T ,  an d 
the n performanc e wa s assesse d o n a  subsequen t  penci l 
and pape r  post-test .  Bot h group s improve d 
significantl y i n thei r  performanc e fro m pre-tes t  t o 
post-test ,  bu t  th e diagnosti c grou p showe d 
significantl y greate r  reduction s i n th e numbe r  o f 
bugs .  I t  i s  conclude d tha t  diagnosti c remediatio n ca n 
be mor e effectiv e tha n non-diagnosti c approaches . 

In t roduc t io n 

Traditional Computer Aided Learning (CAL) 
program s hav e bee n criticise d o n th e ground s tha t 
the y d o no t  understan d th e domai n fo r  whic h the y 
wer e devised ,  an d s o the y canno t  giv e th e adaptiv e 
hel p expecte d o f  a  huma n teacher .  Thi s critiqu e 
prove d th e stimulu s fo r  th e creatio n o f  Intelligen t 
Tutorin g System s (ITSs )  whic h di d understan d thei r 
domai n sufficientl y t o provid e th e sam e adaptiv e 
qualit y o f  guidanc e an d instructio n a s a  huma n 
teacher .  Intelligen t  Tutorin g System s hav e mad e 
impressiv e progres s i n th e intervenin g years ,  makin g 
contribution s no t  onl y t o pedagogica l  theor y bu t  als o 
allowin g empirica l  test s o f  theorie s o f  learnin g (se e 
Anderso n e t  al. ,  1990 ,  fo r  a  recen t  review).  However , 
th e educationa l  credibilit y o f  th e IT S approac h ha s 

recentl y bee n calle d int o questio n b y Sleema n e t  al . 
(1989) ,  wh o wer e evaluatin g th e effectivenes s o f 
remediatio n b y huma n tutor s i n th e domai n o f  linea r 
algebr a problems .  I n a  serie s o f  studie s Sleema n an d 
hi s colleague s compare d th e effectivenes s o f  'model -
base d remediation '  (i n whic h th e tutcM *  identifie d th e 
typ e o f  erro r  made ,  an d explaine d wh y i t  wa s wrong) , 
wit h 'reteaching '  i n whic h th e tuto r  ignore d th e typ e 
of  erro r  mad e an d merel y explaine d th e correc t 
procedure .  Bot h procedure s wer e effectiv e (a s 
compare d wit h a  contro l  grou p w h o receive d n o 
remediation) ,  bu t  the y wer e equall y effective ,  leadin g 
th e researcher s t o conclud e tha t  "whe n initia l 
instructio n an d remediatio n ar e primaril y rule-base d 
an d procedural ,  remedia l  reteachin g appear s t o b e a s 
effectiv e a s model-base d remediation .  Fro m thi s i t 
follow s tha t  'classical '  CA I  woul d b e a s effectiv e a s 
an ITS" .  (1989 ,  p563) . 

RecenUy I  hav e develope d th e S U M I T syste m 
whic h i s  intende d t o functio n a s a n 'Intelligen t 
Tutorin g Assistant '  fo r  earl y schoo l  arithmeti c (se e 
Nicolson ,  199 0 fo r  a  ful l  descriptio n o f  th e desig n 
issue s an d studie s o f  it s  effectiveness) .  S U M I T 
provide s a n idea l  (̂ portunit y t o asses s th e adde d valu e 
of  diagnosi s i n tutorin g i n tha t  diagnosti c feedbac k i s 
normall y available ,  bu t  ca n b e 'turne d of f  i f  require d 
by settin g th e appropriat e flag .  Bot h version s ar e 
otherwis e identical ,  wit h th e non-diagnosti c versio n 
(hencefort h S U M I T - N D )  givin g suppor t  i n term s o f 
th e correc t  wa y t o answe r  th e problem ,  an d th e 
diagnosti c versio n (hencefort h S U M I T - D )  givin g no t 
onl y tha t  suppor t  bu t  als o a  brie f  diagnosi s o f  wh y 
th e user' s answe r  wa s wrong .  Th e desig n o f  th e stud y 
i s therefor e straightforward .  W e too k a  clas s o f  9  yea r 
ok l  children ,  gav e the m a  penci l  an d pape r  pre-tes t  o n 
subtractio n sum s selecte d t o investigat e a  rang e o f 
potentia l  problems ,  ranke d the m i n orde r  o f  score , 
spli t  th e clas s int o tw o matche d group s vi a thi s 
ranking ,  gav e grou p 1  tw o session s o f  individua l 
practic e wit h S U M I T - D ,  an d grou p 2  tw o session s 
wit h S U M I T - N D ,  the n gav e the m a  penci l  an d pape r 
post-tes t  equivalen t  t o th e pre-test ,  an d compare d th e 
resultin g gain s i n scor e an d understanding .  Befor e 
describin g th e stud y i n detail ,  i t  i s  valuabl e t o provid e 
some mor e infcxinatio n o n th e S U M I T system . 
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T h e S U M I T Intelligen t  Tu to r in g 
Assistan t 

SUMIT was inspired by Brown and Burton's 
semina l  worl c (1978 )  o n diagnosi s o f  th e reason s 
underlyin g arithmeti c errors ,  whic h le d t o th e creatio n 
of  th e D E B U G GY syste m fo r  bu g diagnosis .  I n 
many ways ,  thei r  researc h progra m wa s exemplar y 
cognitiv e science ,  startin g wit h identificatio n o f  a n 
importan t  theoretica l  issue ,  collectin g a  larg e corpu s 
of  h u m a n performanc e dat a relatin g t o tha t  issu e 
(children' s substractio n error s i n thi s case) ,  the n 
constructin g a n offlin e diagnosti c syste m intende d t o 
infe r  fro m th e error s manifeste d whic h procedure s 
wer e no t  full y understood ,  thu s movin g fro m 
perfcxmanc e assessmen t  t o competenc e assessment . 
Th e approac h prove d ver y fruitful ,  t o th e exten t  tha t 
most  subsequen t  ITS s incorporate d a  'bu g catalogue * 
as par t  o f  thei r  diagnosti c armoury ,  an d als o i n 
providin g a  ric h sourc e o f  dat a an d idea s fo r  importan t 
theoretica l  development s suc h a s VanLehn' s Sierr a 
theor y o f  procedura l  learnin g (e.g. ,  1990) .  Bu t  noon e 
actuall y constructe d a  working ,  full y  interactive ,  IT S 
fo r  schoo l  arithmetic !  S U M I T wa s th e resul t  o f  a 
longstandin g 'spar e time '  project ,  conducte d jointl y 
wit h Margare t  Nicolson ,  a n experience d teache r  o f 
middl e schoo l  arithmetic ,  t o d o jus t  that . 

T h e developmen t  progra m followe d a n 
evolutionary '  strategy .  Extensiv e knowledg e 
engineerin g studie s wer e undertake n ove r  a  perio d 
spannin g thre e year s i n whic h Hrs t  a  detaile d analysi s 
of  th e traditiona l  method s o f  teachin g arithmeti c wa s 
performe d (base d o n thre e classroo m studies) .  Thes e 
studie s wer e intende d t o identif y area s o f  strengt h an d 
weaknes s i n th e traditiona l  approacb .  thu s allowin g 
th e progra m t o b e targette d o n relie f  o f  th e 
weaknesse s o f  traditiona l  teaching ,  rathe r  tha n 
duplicatio n o f  th e strengths .  I n particular ,  w e 
identifie d th e abilit y  t o giv e immediat e feedbac k a s 
critical ,  togethe r  wit h th e abilit y  t o generat e sum s a t 
a difficult y leve l  appropriat e fo r  th e child .  Thes e tw o 
capabilitie s woul d essentiall y  allo w a  chil d t o ge t  o n 
wit h practic e a t  sum s withou t  th e nee d fo r  continua l 
checkin g b y th e teacher .  B y conuast ,  th e abilit y  t o 
explai n w h y th e method s use d wer e th e appropriat e 
one s seeme d m u c h bette r  suite d t o th e traditiona l 
classroo m demonstrations ,  wher e th e teache r  wa s abl e 
t o us e a  rang e o f  techniques ,  adapte d t o bis/he r 
preferre d teachin g styl e an d u > th e capabilite s o f  th e 
children ,  t o explai n th e basi s o f  th e procedures .  Th e 
analysi s le d u s t o undertak e th e constructio n o f  a n 
'Intelligen t  Tutorin g Assistant '  (ITA) ,  les s ambitiou s 
tha n a n ITS ,  aime d a t  providin g adaptive ,  generativ e 
practic e a t  th e procedura l  skills ,  wit h suppor t  fo r 
whic h procedur e t o use ,  an d h o w t o d o it ,  bu t  no t  fo r 
w hy th e procedur e shoul d b e used .  T h e IT A wa s 
aime d t o assist ,  rathe r  tha n replace ,  th e teacher . 

Figur e 1 .  T h e traditiona l  stage s i n 
penci l  an d pape r  additio n 

Stag e 1 
3 7 

5 8  + 

? 

Stag e 2 
3 7 

5 8  + 

5 

? 

Stag e 3 
3 7 

5 8  + 

? 5 

1 

Stag e 4 
3 7 

5 8  + 

9 5 

1 

The analyse s als o identifie d th e targe t  skill s  required , 
a teachin g strateg y fo r  impartin g them ,  an d a  rang e o f 
teache r  preference s importan t  fo r  smoot h 
incorporatio n o f  th e IT A withi n th e U'aditiona l 
teachin g methods .  A  non-diagnosti c progra m 
( S U M S)  wa s the n develope d an d teste d extensivel y i n 
th e schoo l  setting .  Thi s investigatio n le d t o th e 
introductio n o f  furthe r  teache r  suppor t  facilities ,  bu t 
it s mai n functio n wa s t o collec t  automaticall y a  larg e 
corpu s o f  arithmeti c mistake s mad e i n fre e us e o f  th e 
progra m fo r  eac h o f  th e fou r  operation s — addition , 
subtraction ,  multiplicatio n an d division .  Extensiv e 
han d analyse s wer e carrie d ou t  o n th e corpora ,  leadin g 
t o th e identificatio n o f  th e erro r  type s (includin g thei r 
incidence) ,  and ,  followin g analysi s o f  h o w t o 
automaticall y diagnos e th e majo r  bugs ,  w e wer e the n 
abl e t o 'bol t  on '  a n onlin e diagnosti c capability ,  thu s 
creatin g th e S U M I T prototypes .  Furthe r  d e t ^  ar e 
provide d i n Nicolso n (1990) . 

Using the SUMIT system 

The following description shows how SUMTT is able 
t o giv e a  reasonabl y faithfu l  replicatio n o f  th e 
traditiona l  approac h t o arithmetic .  Figur e 1 
demonstrate s th e u^itiona l  stage s i n penci l  an d pape r 
arithmetic .  Th e su m i s writte n dow n o n pape r  an d th e 
computatio n i s carrie d ou t  i n stage s a s show n belo w 
— fro m unit s throug h carrie s t o tens .  Hi e questio n 
mar k is ,  o f  course ,  imaginar y an d i t  i s  include d her e 
t o indicat e whic h stag e i s involved .  A  clea r  differenc e 
betwee n thi s writte n arithmeti c an d menta l  arithmeti c 
i s tha t  i t  occur s ste p b y ste p and ,  mos t  important , 
intermediat e step s ar e explicitl y  entered .  Completw n 
of  th e su m i s ofte n accompanie d b y muttere d self -
instruction s somewha t  lik e seve n ad d eigh t  i s .. . 
fifteen,  s o writ e d o w n th e 5  (stag e 1 )  an d carr y th e 1 
t o th e ten s (stag e 2) .  N o w thre e ad d five  i s .. .  eight , 
add th e on e carried ,  that' s nine ,  s o pu t  th e 9  i n th e 
ten s (stag e 3)' .  Exactl y th e sam e procedur e i s use d b y 
S U M I T,  wit h th e chil d require d t o complet e al l  five 
stage s i n th e appropriat e order ,  an d i f  n o mistake s ar e 
made,  th e procedur e i s essentiall y  identical . 
Followin g successfu l  completio n o f  a  sum ,  S U M I T 
generate s a  furthe r  su m a t  th e appropriat e difficult y 
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Figur e 2 .  Th e non-diagnosti c adaptiv e 
hel p availabl e i n th e S U M S progra m 

{The user has nearly completed the sum, but is 
unsur e ho w t o complet e th e additio n o f  (h e ten s 
column ,  an d s o presse s H .  Th e righ t  han d sid e 
illustrate s th e hel p give n i n suc h a  situation. ) 

Figur e 3 .  A  subtractio n s u m whic h 
involve s 'borrowing ' 

3 7 

5 8 + 

S U MS Hel p 
You ar e addin g th e tens : 

tha t  is :  3  •  5  •  i  carr y 

pres s R E T U RN t o continue ^ 

The total is 9 

so pu t  th e 9  i n di e bo x 

pres s R E T U RN t o continu e 

leve l  an d s o on .  Th e advantag e o f  C A L become s 
apparen t  i f  a  mistak e i s made .  Sinc e th e appropriat e 
answer  i s alway s know n fo r  eac h stag e i n completin g 
th e sum .  an y erro r  i s  note d immediately ,  an d th e use r 
i s warne d o f  th e erro r  an d require d t o tr y again .  I n di e 
origina l  S U MS program ,  adaptiv e hel p wa s availabl e 
eidie r  o n deman d o r  followin g dire e error s o n a  give n 
sum,  bu t  thi s onl y explaine d di e correc t  meUio d fo r 
continuin g th e sum ,  an d mad e n o effor t  t o diagnos e 
what  th e user' s misconceptio n migh t  hav e been .  O n 
th e basi s o f  th e extende d studie s o f  performanc e o n 
S U M S,  S U M I T i s abl e t o diagnos e u p t o 2 0 differen t 
bugs fo r  eac h o f  di e fou r  aridmieti c operations .  Thi s 
allow s a n immediat e diagnosi s o f  di e likel y cn-js e o f 
any error .  Fo r  instance ,  i f  th e use r  type d : a "8 ' 
instea d o f  '9 '  a t  stag e 3 ,  th e progra m decide s tha t  di e 
most  likel y bu g i s  'failur e t o ad d i n carry '  an d i s 
dierefor e abl e t o offe r  th e suggestio n 'Remembe r  t o 
add i n di e carr y 1' .  Adaptiv e standar d hel p i s agai n 
availabl e o n deman d o r  afte r  Uire e help s (se e figure  2) . 

I n bot h diagnosti c an d non-diagnosti c versions ,  a n 
enor  result s i n a  warnin g tone ,  an d th e use r  i s no t 
allowe d t o procee d unti l  di e correc t  answe r  ha s bee n 
entered .  Non-diagnosti c hel p i s  normall y give n 
automaticall y followin g Uire e error s o n a  sum . 
Diagnosti c hel p followin g a n erro r  o f  typin g i n '8 '  i n 
di e abov e situatio n woul d involv e di e shor t  messag e 
"Remember  t o ad d i n di e 1  you'v e carrie d fro m di e 
units" .  I n th e non-diagnosti c form ,  followin g a n 
erro r  onl y th e warnin g ton e i s presented ,  followe d b y 
th e messag e "Ba d luck ,  pleas e tr y again" . 

I n vie w o f  di e greate r  complexit y o f  subtraction , 
and i n recognitio n o f  it s specia l  statu s i n di e IT S 
literature ,  fo r  di e investigatio n o f  diagnosti c versu s 
standar d feedbac k w e decide d t o investigat e Ui e effect s 
of  diagnosti c suppor t  o n subtractio n skills . 

Stag e 1 

4 5 
2 7  -

? 

Stag e 4 

3 
4 1 5 
2 7  -

? 

The standar d *d ( 

Stag e 2 

4 5 
2 7  -

Stag e 5 

3 
4 1 5 
2 7  -
? 8 

xomiK>sition '  a i 

Stag e 3 

3 
4 ? 5 
2 7  -

-

Stag e 6 

3 
4 1 5 
2 7  -
1 8 

joroac h t o teachin s 
subtractio n i s show n i n Fig .  3 .  Not e Ui e complexit y 
of  di e procedure s involved . 

The self-instruction s fo r  thi s su m migh t  g o a s 
follows :  " 5 tak e 7  won' t  go ,  s o pu t  a  das h i n th e bo x 
(stag e I )  an d tr y t o tak e hel p fro m th e ten s colum n 
(stag e 2) .  4  tak e J  leave s 3 ,  s o cros s ou t  th e 4  an d 
put  3  (stag e 3) .  Nex t  tak e th e te n hel p w e wer e give n 
[borrowed ]  an d giv e i t  t o th e unit s — tha t  make s 1 5 
(stag e 4) .  W e ca n no w tak e th e 7  fro m ou r  15 ,  tha t 
makes 8 ,  s o pu t  th e 8  i n th e bo x (stag e 5 )  an d g o t o 
th e ten s column .  3  tak e 2  i s  I ,  s o pu t  th e 1  i n th e 

box (stag e 6)"? -
The commones t  subtractio n bu g (IS )  occurre d a t 

stag e 2 ,  wher e radie r  tha n subtractin g 1  fro m di e tens , 
di e chil d go t  confused,an d performe d th e subti:actio n 
on th e ten s colum n (thereb y yieldin g 2  i n dii s  case) . 
Bug 1  appear s t o occu r  onl y o n di e computer ,  an d di e 
most  generi c subtractio n bu g (2S )  [smalle r  fro m 
larger ]  occur s a t  stag e 1 ,  wher e di e chil d enter s 2  fo r 
5-7 .  Thi s i s a  beginner' s error ,  symptomati c o f 
difficult y i n knowin g ho w t o cop e wit h a  negativ e 
outcome . 

The bug s diagnose d b y S U M I T - D ,  an d Uiei r 
incidenc e i n th e initia l  corpu s ar e show n i n Tabl e 1 . 
Not e dia t  di e us e o f  — > i n di e exampl e indicate s tha t 
di e use r  entere d di e digit s i n th e orde r  shown .  Fo r 
instance ,  fo r  bu g IS ,  th e sequenc e fo r  answerin g 83 -
24 wa s -  (correct) ,  die n 6 ,  (di e error ,  reflectin g 
subU'actio n o f  di e tw o entrie s i n th e ten s colum n (8 -
2)  ratiie r  tha n subtractio n o f  di e borrowe d 1  fro m di e 
ten s column ,  leadin g t o di e answe r  o f  7 ) .  I t  i s  muc h 
easie r  t o follo w dii s expositio n i f  di e su m i s lai d ou t 
as show n i n figur e 1 ! 

'initiall y  onl y th e first  par t  o f  th e messag e i s 
displayed .  Pressin g di e Retur n ke y add s i n di e nex t 
part ,  an d s o on . 

^Th e 'decomposition '  procedur e io x subtractio n i s 
no w preferre d t o th e olde r  'equa l  additions '  metho d 
whic h woul d ad d 1 0 t o bot h to p an d botto m (i e 
turnin g di e 5  o f  4 5 int o 15 ,  an d turnin g di e 2  o f  2 7 
int o 3 )  o n di e ground s tha t  fo r  decompositio n di e 
manipulatio n i s onl y o n on e number ,  an d ca n easil y 
be show n t o b e vali d b y mean s o f  Dienes '  block s etc . 
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Tabl e 1 . Subtractio n Bug s Diagnose d 
by SUMIT - D 

Bur 

I S 

2S 
3S 

4S 

5S 

6S 
7S 
8S 

9S 
lOS 
li s 

12S 

13S 
14S 

AS 

US 
UbS 

Descriptio n 

Subtrac t  curren t  colum n 
i n mid-borro w 

smalle r  fro m large r 

Put  1  i n befor e 
decrementinj ? colum n 

mis s ou t  stag e i n initia l 
borro w 

Don' f  decompos e 1 0 i n 
borrowin g ove r  0 

0-n= n (specialis' n o f  2S ) 

0-n= O 

use non-decremente d 
minuen d 

Los e plac e i n mid-borro w 

'Ad d 10 *  bu s 

respons e perseveratio n 
(repea t  pre v press ) 

subtrac t  1  'fo r  luck '  fro m 
las t  colum n 

Misse d ou t  ste p 

0-1= 0 whe n borrowin g 
acros s 0 

arithmeti c erro r 

unclassifie d (non-bonow ) 

unclassifie d (i n borrow ) 

Hx;unpl e 

83-2 4 — > - 6 etc . 

3-6= 3 

83-24->- l  etc . 

83-2 4 - > 7  etc . 

803-24— > "71 X 
et c wher e x<> 9 

0-7= 7 

0-7= 0 

583-124—>-719 6 

83-2 4 — > -7 9 

83-24—>-71 0 

803-24—>-  -  -

83-22=5 1 

eg.  10-7= 3 

803-2 4 — > - 0 

13-6= 8 

Exper iment .  Diagnosti c hel p v s non -

diagnosti c hel p usin g S U M I T 

Two groups of 9 year old schoolchildren from the 
same clas s wer e selected ,  individuall y matche d o n 
performanc e o n a  pre-test .  Bot h group s the n 
experience d tw o 3 0 minut e individua l  session s o f 
SUMIT,  on e grou p usin g SUMIT- D an d th e othe r 
grou p usin g SUMIT_N D (wit h th e standar d feedbac k 
and hel p facility) .  Childre n use d th e progra m 
individually ,  wit h tw o childre n a t  a  tim e take n ou t  o f 
thei r  nonna l  arithmeti c lesson .  Th e experimente r  wa s 
Chri s Harrop ,  a  thir d yea r  undergraduat e snident ,  wh o 
had chose n t o undertak e th e wor k a s par t  o f  hi s Hna l 
year  undergraduat e dissertatio n i n Psychology .  Th e 
experimenter' s rol e wa s t o ensur e tha t  th e appropriat e 
versio n o f  S U M I T wa s selected ,  t o chec k tha t  eac h 
chil d starte d th e sessio n a t  a n appropriat e leve l  o f 
difficulty ,  an d t o provid e genera l  encouragement .  H e 
gav e n o direc t  instructiona l  support .  I n th e firs t 
compute r  sessio n eac h chil d starte d a t  th e baselin e 
leve l  an d sum s wer e automaticall y generate d a t  level s 
of  increasin g difficult y unti l  mistake s starte d t o 
emerge ,  a t  whic h stag e th e progra m generate d sum s o f 
th e Expropriat e difficult y subsequently .  I n th e secon d 

sessio n th e chil d wa s encourage d t o star t  a t  a  leve l 
one belo w tha t  reache d i n th e firs t  session .  Finally . 
performanc e o n a  penci l  an d pape r  post-tes t  equivalen t 
t o th e pre-tes t  wa s measured .  Fo r  eac h tes t  th e 
writte n answer s wer e scored ,  an d an y erro r  mad e wa s 
assigne d t o on e o f  th e bu g categorie s (se e Tabl e 1) . 
The tota l  bu g coun t  wa s determine d b y includin g th e 
unclassifie d bug s (whic h correspon d t o a  bu g no t 
include d i n th e diagnosti c help )  bu t  no t  th e arithmeti c 
bugs .  Compariso n o f  pre-tes t  an d post-tes t  score s an d 
bugs fo r  th e tw o group s shoul d revea l  whethe r 
diagnosti c hel p reall y doe s hel p o r  not. . 

Results 

Results for the pre-test and post-test scores are 
shown i n Figur e 4 a an d thos e fo r  bug s i n Figur e 4b . 
I t  ma y b e see n that ,  a s expected ,  bot h group s 
improve d a s a  result  o f  th e session s wit h SUMIT ,  an d 
tha t  th e diagnosti c grou p improve d somewha t  mor e i n 
overal l  score ,  an d markedl y mor e i n term s o f  th e 
overal l  bugs .  A n analysi s o f  varianc e o n th e score s 
indicate d a  significan t  mai n effec t  o f  lime-of-tes t 
(p<.01 )  bu t  n o significan t  mai n effec t  o f  group ,  an d 
no significan t  interaction .  I n term s o f  th e 
effectivenes s o f  th e learnin g induced ,  th e non -
diagnosti c group' s mea n scor e improvemen t  wa s 0.3 0 
sd unit s [base d o n th e origina l  standar d deviatio n o f 
score s o f  bot h group s together ,  cf .  Bloo m (1984)] , 
wel l  belo w tha t  o f  th e diagnosti c grou p (0.75) .  A n 
analysi s o f  varianc e o n th e bug s dat a (omittin g 
childre n wh o obtaine d pre-tes t  score s o f  2 9 o r  3 0 ou t 
of  30 )  indicate d a  significan t  mai n effec t  o f  time-of -
tes t  (p<.05) ,  n o significan t  effec t  o f  group ,  bu t  a 
significan t  interactio n betwee n grou p an d time-of-tes t 
(p<.05) ,  indicatin g tha t  th e diagnosti c grou p 
eliminate d thei r  bug s significantl y mor e effectivel y 
tha n th e standar d group .  Th e individua l  result s ar e 
displaye d i n Figur e 5 .  Comparin g th e histogram s fo r 
th e tw o groups ,  i t  i s clea r  tha t  th e majo r  effect s ar e 
atuibutabl e t o thos e childre n wh o wer e initiall y 
performin g badly .  Fo t  th e diagnosti c group ,  ther e ar e 
larg e improvement s (se e especiall y O T wh o improve d 
fro m 5/3 0 t o 30/30) ,  wherea s thi s improvemen t  wa s 
les s consisten t  fo r  th e non-diagnosti c group . 

Discussio n 

It remains to consider the wider significance of these 
results .  Fu-s t  i t  i s importan t  t o stres s tha t  th e results 
relat e onl y t o tw o group s o f  childre n i n on e schoo l  o n 
one task ,  an d tha t  th e result s  ar e attributabl e t o onl y a 
fe w o f  thes e children .  Next ,  th e majo r  improvemen t 
i s attributabl e t o th e SUMFF progra m itself ,  an d th e 
furthe r  improvemen t  du e t o th e diagnosti c elemen t  i s 
of  onl y secondar y importance . 
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Fig .  4a .  Score s fo r  th e tw o group s Fig .  4b .  Bug s fo r  th e tw o group s 
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Furthe r  studie s ar e neede d t o asses s th e reliabilit y 
and th e generalit y o f  thes e results .  I f  th e result s ar e 
representative ,  on e mus t  conside r  wh y thi s stud y 
obtaine d a  differentia l  effect ,  unlik e th e thre e studie s 
on bigbscboo l  algebr a reporte d b y Sleema n e t  al . 
(1989) : 

(i )  ou r  differentia l  tes t  wa s mor e sensitive ,  i n tha t 
diagnosi s wa s th e onl y facto r  differin g betwee n th e 
tw o conditions ,  wherea s fo r  Sleema n e t  al .  huma n 

tutorin g wa s involved ,  whic h ma y hav e increase d th e 
variabiht y o f  th e effect s 

(ii )  th e arithmed c diagnosi s wa s explicitl y  linke d 
t o corpor a o f  dat a collecte d i n previou s studies ,  an d 
thu s likel y t o b e well-tune d t o th e type s o f  mistake s 
made. 

(iii )  th e arithmeti c diagnosti c message s wer e ver y 
brie f  an d t o th e point ,  wherea s th e 'mode l  base d 
remediation '  use d i n th e algebr a studie s wa s a  length y 
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process .  Clearly ,  th e latte r  woul d reduc e th e tim e 
availabl e fo r  'reteaching' . 

(iv )  th e arithmeti c diagnosi s appeare d particularl y 
valuabl e fo r  th e weake r  children ,  leadin g t o larg e 
improvement s i n thei r  performance .  I t  ma y b e tha t 
fo r  childre n wit h mor e advance d understandin g man y 
error s ar e careles s slips ,  an d al l  tha t  i s  require d i s 
some indicatio n tha t  the y hav e mad e a  mistake ,  an d 
the y ca n easil y identif y fo r  themselve s th e caus e o f 
thei r  mistake .  Fo r  thes e childre n diagnostic-base d 
remediatio n i s no t  necessary .  Fo r  th e weake r 
children ,  w h o hav e onl y a  shak y knowledg e o f  th e 
procedures ,  i t  m a y b e tha t  non-diagnosti c erro r 
informatio n m a y caus e the m t o inven t  a  'patch ' 
(Brow n &  VanLehn ,  1980 )  t o thei r  procedures , 
which ,  i f  faulty ,  wil l  b e difficul t  t o eradicat e an d 
caus e lastin g confusion . 

Of  course ,  a  larg e numbe r  o f  othe r  possibl e 
reason s m a y b e advance d fo r  th e differences .  A s 
Sleema n e t  al .  (1989 )  conclude ,  mor e researc h i s 
neede d t o identif y thos e situation s i n whic h diagnosis -
base d teachin g i s mor e effective .  W e conclud e tha t 
althoug h S U M I T i s effectiv e i n helpin g childre n lear n 
th e rule s o f  arithmeti c wit h o r  withou t  diagnosti c 
help ,  S U M I T s  diagnosti c hel p facilit y  doe s indee d 
confe r  a  furthe r  advantag e i n term s o f  th e eliminatio n 
of  bugs ,  especiall y fo r  thos e childre n w h o ar e weake r 
at  arithmetic . 
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