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Abstract 

This paper implements recent proposals for enhancing the 
learnin g o f  mathematic s b y developin g statistic s instructio n 
and assessmen t  fo r  eight h grad e student s tha t  ĉ italize s o n 
th e us e o f  exemplars .  Th e goa l  o f  instructio n wa s fo r  smal l 
group s t o lear n abou t  statistic s b y engagin g i n hands-o n 
activitie s a s wel l  a s t o ̂ pl y thei r  knowledg e an d skill s b y 
creatin g statistic s project s tfiat  involve d designing , 
conducting ,  an d presentin g a  mini-experimeni .  Performanc e 
criteri a whic h reflecte d th e statistica l  concept s taugh t  i n th e 
instructio n wer e explaine d t o student s t o ensur e thei r 
understandin g o f  th e tas k (i.e. ,  project) .  Group s wer e 
assigne d t o tw o treatments-exemplar s an d nonexemplars -
Av'hic h differe d i n th e degre e t o whic h criteri a modele d th e 
processe s o f  hypothesi s generation ,  dat a collection ,  dat a 
analysis ,  an d graphi c representation .  Th e effectivenes s o f 
elaboratin g o n criteri a throug h example s an d tex t  (i.e. , 
exemplars )  o r  jus t  tex t  (i.e. ,  nonexemplars )  fo r  enhancin g 
learnin g wa s examined .  Bot h treatment s demonstrate d 
significan t  performanc e gain s fro m pretes t  t o posttest . 
However ,  students '  understandin g o f  representativ e samplin g 
was significantl y bette r  a s a  resul t  o f  receivin g th e 
exemplar s treatmen t  tha n th e nonexemplar s treatment . 
Makin g criteri a mor e elaborat e throug h example s o f 
performanc e ca n thu s enhanc e students '  understandin g o f 
more abstfac t  statistica l  concept s suc h a s sampling . 

Learning Statistics Through Exemplars 

The National Council of Teachers of Mathematics 
( N C T M,  1989 )  ha s propose d tha t  statistic s instructio n 
commence a s earl y a s elementar y schoo l  i n orde r  t o 
facihtat e th e developmen t  o f  high-leve l  thinkin g skill s 
suc h a s proble m solvin g an d reasoning .  Forma l 
method s o f  instructio n tha t  merel y emphasiz e 
computationa l  an d memorizatio n skill s  ar e therefor e 
insufficien t  (America n Statistica l  Associatio n [ASA] , 
1991 ;  Mosteller ,  1988 ;  Posten ,  1981 ;  Shaufehnessy , 
1992) .  Alternativ e form s o f  instructio n an d assessmen t 
iha t  enabl e learner s t o construc t  thei r  knowledg e a s wel l 
as illustrat e an d explai n thei r  thinkin g whe n solvin g a 
proble m ca n no w b e considered .  However ,  th e abstrac t 
natur e o f  statistica l  conten t  ca n pos e problem s fo r 
youn g learner s unles s suc h conten t  i s  mad e mor e 
concret e an d meaningful .  Makin g statistica l  conten t 
les s abstrac t  ca n b e accomplishe d b y cognitiv e 
apprenticeship s (Collins ,  Brown ,  &  Newma'! ,  1989 ) 
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tha t  (a )  ancho r  statistica l  conten t  i n concret e example s 
tha t  mode l  th e statistica l  problem-solvin g proces s (i.e. , 
exemplars) ,  (b )  guid e learner s throug h impasse s whil e 
the y appl y knowledg e acquire d throug h modeling ,  an d 
(c )  fad e assistanc e whe n proficienc y i s attained .  Th e 
objectiv e o f  thi s stud y wa s t o examin e th e effectivenes s 
of  a n instructiona l  metho d tha t  focuse d o n modeling , 
one componen t  o f  th e cognitiv e apprenticeshi p model , 
fo r  facilitatin g secondar y students '  learnin g o f 
descriptiv e statistics .  T w o researc h question s wer e 
posed :  (a )  doe s providin g concret e example s o f 
statistica l  procedure s facilitat e th e learnin g o f  abstrac t 
conten t  an d (b )  d o student s acquir e dept h o r  breadt h o f 
knowledge . 

Theoretical Framework 

According to educators and researchers, current 
statistic s educatio n i s inadequat e du e t o (a )  insufficien t 
conceptua l  backgroun d give n t o student s (Garfiel d & 
Ahlgren ,  1988 ;  Posten ,  1981) ,  (b )  a n emphasi s o n th e 
abstrac t  natur e o f  th e conten t  (Mosteller ,  1988 )  an d (c )  a 
relianc e o n forma l  method s o f  instructio n (Posten , 
1981) .  Thes e factor s resul t  i n (a )  a  relianc e o n 
intuition s o r  opinion s whic h ca n caus e difficultie s i n 
reasonin g abou t  samplin g (Jacobs ,  1993 ;  Schwartz , 
Goldman ,  Moore ,  Zech ,  Smart ,  Mayfield-Stewart ,  Vye , 
& Barron ,  1994 ;  Tversk y &  Kahneman ,  1971 )  an d 
probabilit y  (Kahnema n &  Tversky ,  1973 ,  1982 ; 
Tversk y &  Kahneman ,  1973 ,  1983 )  an d (b )  a n under -
standin g o f  th e mea n a s a  computationa l  rathe r  tha n 
conceptua l  ac t  (Pollatsetsek ,  Lima ,  &  Well ,  1981) . 
Such difficultie s mak e developin g statistic s instructio n 
fo r  grade s 5- 8 problemati c wher e th e propose d conten t 
include s measure s o f  centra l  tendenc y an d variation , 
population ,  sampling ,  an d anomalie s (America n 
Statistica l  Associatio n [ASA] ,  1991) .  On e wa y t o 
addres s shortcoming s o f  statistic s educatio n fo r  enhanc -
in g high-leve l  thinkin g i s t o provid e a  learnin g contex t 
i n whic h student s ar e grante d opportunitie s t o (a ) 
directl y observ e exper t  performanc e throug h concret e 
example s tha t  mode l  statistica l  proble m solving ,  (b ) 
emulat e exper t  performanc e b y applyin g statistica l 
knowledg e o n hands-o n activities ,  (c )  focu s o n 
interpretatio n b y usin g compute r  softwar e fo r  analyzin g 
and representing  data ,  an d (d )  expan d statistica l 
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knowledg e throug h prompt s presente d i n th e lor m o f 
question s tha t  encourag e furthe r  thinking . 

Method 

Twenty-one eighth grade mathematics students (nine 
female s an d twelv e males )  participate d i n thi s study . 
Student s wer e divide d int o eigh t  mixed-abilit y  groups , 
eac h consistin g o f  tw o t o thre e student s o f  mixe d abilit y 
i n mathematics .  Abilit y  grouping s wer e forme d b y th e 
experimenter s base d o n th e teacher' s ratin g (i.e. ,  high , 
medium ,  low )  o f  eac h student' s performanc e a s measure d 
by classroo m assessment s fro m th e beginnin g o f  th e 
I  ear .  Eac h grou p worke d o n a n A p p l e ® M a c m t o s h ™ 
workstatio n whic h wa s se t  u p i n th e students '  regula r 
mathematic s classroom . 

A for m o f  cognitiv e apprenticeshi p (Colhn s e t  al. , 
1989 )  wa s adopte d t o teac h student s descriptiv e statistic s 
(i.e. ,  measure s o f  centra l  tendenc y an d variation , 
I)opulation ,  sampUng ,  an d anomalies) .  T w o phase s o f 
apprenticeshi p wer e provided .  Th e firs t  phas e consiste d 
of  modeUn g procedures ,  coachin g students ,  an d fadin g 
assistanc e o n instructiona l  activitie s tha t  situate d 
learnin g i n worthwhil e an d engagin g proble m solvin g 
tasks .  T w o skill s  wer e modele d i n th e activities : 
statistica l  proble m solvin g an d th e us e o f  softwar e 
application s suc h a s Mystat ™ (Systat ,  1988 )  an d 
Cricketgraph ™ (Cricke t  Software ,  1989 )  a s tool s fo r 
computin g an d representin g statistics .  Coachin g wa s 
provide d b y th e mathematic s teacher ,  si x graduat e 
students ,  an d prompt s whic h wer e mean t  t o encourag e 
student s t o reaso n abou t  data ,  t o facilitat e discussion s o f 
statistica l  concepts ,  an d t o exten d students '  learnin g 
beyon d th e informatio n give n (Resnick ,  198^ ; 
llosenshin e &  Meister ,  1992) .  Fadin g consiste d o f 
graduall y withdrawin g assistanc e a s student s attaine d 
mastery .  Th e instructio n enable d learner s t o acquir e th e 
knowledg e o f  fact s an d tool s require d t o conduc t  thei r 
o wn experimen t  a s a  grou p projec t  an d consequentl y t o 
perfor m o n open-ende d tes t  essays . 

Prio r  t o conductin g thei r  o w n experiment s group s o f 
i  tudent s wer e randoml y assigne d t o tw o treatments : 
nonexemplar s an d exemplars .  Thes e treatment s 
consiste d o f  th e secon d phas e o f  apprenticeshi p whic h 
stricd y focuse d o n modelin g th e proces s o f  designing , 
conducuing ,  an d presentin g a n experimen t  Mo r e 
specifically ,  compute r  software ,  HyperCard ™ (Clari s 
Corporation ,  1991) ,  wa s use d t o provid e informatio n 
whic h modele d hypothesi s generation ,  dat a collection , 
dat a analysis ,  an d dat a representation .  Thes e processe s 
wer e conveye d a s performanc e criteri a i n eac h treatment . 
Th e nonexemplar s an d exemplar s treatment s differe d i n 
th e exten t  t o whic h (a )  performanc e criteri a fo r 
developin g an d assessin g experiment s wer e mad e visibl e 
10 student s (Frederikse n &  Collins ,  1989 )  ar d (b ) 
statistica l  procedure s fo r  designin g an d cond^jtin g re -
searc h wer e mad e mor e concrete .  Althoug h eac h 
criterio n an d procedur e wa s describe d textuall y i n bot h 
treatments ,  onl y th e exemplar s treatmen t  pr o ade d (a ) 
digitize d vide o clip s tha t  modele d hypothesi s generatio n 

as wel l  a s th e collection ,  analysis ,  interpretation ,  an d 
representatio n o f  dat a b y providin g example s o f  perfor -
mance o f  student s participatin g i n a  simila r  stud y th e 
previou s yea r  an d (b )  prompt s tha t  guide d discussion s 
regarding  difference s betwee n example s (se e Figure s 1 
and 2) .  I n thi s sense ,  th e exemplar s serve d a s a  too l  fo r 
(a )  ensurin g tha t  student s wer e awar e o f  an d understoo d 
th e criteri a fo r  conductin g a n experimen t  an d (b )  makin g 
procedure s mor e concret e throug h modelin g b y 
providin g severa l  example s (i.e. ,  digitize d vide o clips ) 
of  peer s explainin g h o w the y designe d an d conducte d 
thei r  experimen t  durin g thei r  presentations .  Thi s pape r 
focuse s o n th e effectivenes s o f  th e exemplar s approac h 
i n makin g statistica l  procedure s les s ambiguou s throug h 
modeling .  Th e effectivenes s o f  thi s treatmen t  wa s 
examine d i n term s o f  students '  performanc e o n a n open -
ende d pr e an d pos t  tes t  whic h wa s analyze d 
quantitativel y an d qualitativel y an d o n project s whic h 
was analyze d qualitatively .  Sinc e th e exemplar s 
approac h wa s intende d t o situat e statistica l  procedure s i n 
concret e examples ,  i t  wa s expecte d t o b e a  mor e effec -
tive  too l  tha n th e nonexemplar s approac h fo r  enhancin g 
statistica l  learnin g an d engenderin g th e knowledg e 
acquisitio n o f  statistica l  procedure s suc h a s hypothesi s 
generation ,  dat a collection ,  an d dat a analysis . 

Results 

Quantitative analysis of the following were 
conducted :  (a )  students '  overal l  tes t  performanc e t o 
determin e whethe r  th e exemplar s treatmen t  wa s mor e 
effectiv e fo r  enhancin g statistica l  learnin g tha n th e 
nonexemplar s treatment ,  (b )  students '  performanc e o n 
individua l  tes t  item s t o explor e whethe r  th e exemplar s 
treatmen t  wa s mor e effectiv e i n fosterin g knowledg e 
acquisitio n o f  particula r  concept s an d procedure s tha n 
th e nonexemplar s treatment ,  an d (c )  students ' 
performanc e o n individua l  tes t  item s t o examin e 
whethe r  knowledg e o f  a  fe w o r  man y concept s an d 
procedure s wa s acquired .  Qualitativ e analysi s o f  writte n 
responses  t o tes t  item s an d o f  performanc e o n 
presentation s o f  project s wer e conducte d t o determin e 
whethe r  student s acquire d dept h o r  breadt h o f  knowledg e 
as a  resul t  o f  th e instruction .  Finally ,  inter-rate r 
reliabilities  wer e performe d t o examin e consistenc y 
betwee n raters . 

Quantitativ e analysi s o f  students '  overal l  tes t 
performanc e examine d whethe r  o r  no t  typ e o f  treatmen t 
(nonexemplar s o r  exemplars )  affecte d students '  tes t 
score s (pr e an d post) .  Result s fro m th e 
Subject{Treatmen t  (2) )  x  Tes t  (2 )  A N O V A 
demonstrate d tha t  ther e wer e n o significan t  difference s 
betwee n th e tw o treatment s (F(l ,  I6)=0.010 ,  p>0.05) . 
However ,  a  significan t  tes t  effec t  wa s foun d whic h 
indicate d chang e i n statistica l  knowledg e fo r  al l  student s 
(F(l ,  16)=50.130,p<0.05) .  Student s receivin g th e 
nonexemplar s (A/pre=6.636 ,  Mpost=13.818 )  an d 
exemplar s (Mpre=5.714 ,  A/post=15.143 )  treatment s 
acquire d a  substantia l  amoun t  o f  statistica l  knowledg e a s 
a resul t  o f  instruction . 
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I M s ^ d b i g Q S i ^ 

IM i s  ̂ia]fi%BB s 

You ca n analyz e th e infonnatio n tha t  yo u 
hav e gathere d b y obtainin g statistic s fo r  th e 
mean,  median ,  mode ,  an d range ,  Yo u mus t 
explai n th e results .  Thi s demonstrate s tha t 
yo u understan d th e significanc e o f  th e 
results .  Yo u mus t  als o conside r  h o w you r 
result s woul d chang e i f  ttie  stud y ha d 
bee n don e dlfierentl y (1 0 points) . 

Dr .  Suwjm *  Ujoi e " ^ TOC I  Qui t  | ^ | i 

Figur e 1 :  Exampl e criterio n provide d b y th e nonexemplar s approach :  Dat a analysis . 

I M h P s ^ B a s & f l s j i D ft®  ©ftaftf lsftf le s 

You ca n analyz e th e infonnatio n tha t  yox i 
hav e gathere d b y obtainin g statistic s fo r  th e 
mean,  median ,  mode ,  an d range .  Yo u mus t 
exjdai n th e results ,  Thi s demonstrate s tha t 
yo u understan d th e significanc e o f  th e 
results ,  Yo u mus t  als o anslderhawyon r 
resolt s wool d chang e i f  th e stud y ha d bee n 
don e different̂ '  (1 0 points) . 

After looking at the videos, discuss amongst 
yourselve s th e difference s betwee n th e tw o 
and wh y on e i s bette r  tha n th e other . 

Dr .  Stigann e Ltjoi e ~ | Abev*  Av*r«9 *  I  Av*r*q * 
TOC I  Qui t  i ^ | i 

Figur e 2 :  Exampl e criterio n provide d b y th e exemplar s approach :  Dat a analysis . 
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T o determin e whethe r  knowledg e gain s differe d b y 
treatmen t  an d whethe r  thes e wer e limite d t o som e 
conten t  o r  inclusiv e o f  al l  content ,  individua l  Subjec t 
{Treatmen t  (2) )  x  Tes t  (2 )  A N O V As wer e performe d o n 
tes t  item s measurin g eac h o f  th e followin g statistica l 
concept s an d procedures :  statistics ,  data ,  g r ^ h 
interpretation ,  outlier ,  hypothesi s generatio n an d iden -
tification ,  population ,  sampl e representativeness ,  sam -
pl e size ,  randomization ,  sample ,  median ,  mean ,  an d 
range .  Th e Bonferron i  procedur e (Kirk ,  1982 )  wa s 
^plie d t o adjus t  fo r  Typ e I  erro r  i n eac h o f  thes e 
analyses .  Significan t  interactio n effect s fo r  sampl e 
representativenes s (F(l,16)=8.581 ,  p<O.0l) ,  sampl e siz e 
(F(l,16)=6.862.p<0.01) .  an d statistic s (F(l,16) = 
4.899 ,  p<O.0l )  demonstrate d tha t  knowledg e gain s 
relate d t o samplin g differe d b y treatmen t  Th e Scheff 6 S 
procedur e (Kiik ,  1982 ,  pp .  121-122 )  fo r  makin g post -
ho c comparison s indicate d tha t  th e differenc e i n per -
formanc e fro m pr e t o pos t  tes t  o n item s o f  sampl e 
representativenes s wa s significan t  fo r  th e exemplar s 
treatmen t  (F(l ,  16)=24.225 ,  p<0.05 )  bu t  no t  fo r  th e 
nonexemplar s treatmen t  (F(l ,  16)=2.172,p>0.05) . 
Moreover ,  thi s differenc e wa s significan t  a t  pos t  ( f  (1 , 
16)=6.425 ,  p<0.05 )  bu t  no t  a t  pr e (F(l ,  16)=2.581 , 
p>0.05) .  Thi s finding  suggeste d tha t  students ' 
understandin g o f  representativ e samplin g wa s facilitate d 
throug h th e us e o f  concret e example s whic h modele d th e 
procedure .  Result s fo r  sampl e siz e indicate d tha t  ther e 
was a  significan t  pr e an d pos t  tes t  differenc e fo r  bot h th e 
exemplar s (F(l ,  16)=36.413,p<0.05 )  an d nonexemplar s 
(F(l ,  16)=11.388,p<0.05 )  treatments .  Finally ,  result s 
fo r  th e concep t  o f  statistic s indicate d tha t  ther e wa s a 
significan t  differenc e betwee n th e exemplar s an d 
nonexemplar s treatment s a t  pr e (F(l ,  16)=4.944 , 
p<0.05 )  bu t  no t  a t  pos t  (F(l ,  16)=0.825 ,  p>0.05 )  an d 
tha t  th e differenc e fro m pr e t o pos t  tes t  wa s significan t 
fo r  th e nonexemplar s treatmen t  (F(l ,  16)=20.988 , 
p<0.05 )  bu t  no t  fo r  th e exemplar s treatmen t  (F(l , 
16)=0.675,;7>0.05) . 

Significan t  tes t  effect s fo r  statistic s (F(l ,  )6) = 
12.214 ,  p<0.01) .  g r ^ h interpretatio n (F(l ,  16)=14.473 , 

fxO.Ol) ,  hypothesi s generatio n an d identificatio n (F(l , 
16)=14.141,/x0.01) ,  sampl e representativenes s (F(l , 
16)=22.712.p<0.01) ,  sampl e siz e (F(l ,  16)=46.622 , 
/xO.Ol) ,  sampl e (F(l ,  16)=12.287,/k0.01) ,  an d rang e 
(F(l ,  16)=10.670.p<0.01 )  demonstrate d tha t  student s 
acquire d knowledg e o f  m a n y concept s a s a  resul t  o f 

instruction .  However ,  qualitativ e analysi s o f  writte n 
response s t o tes t  item s (pr e an d post )  an d presentation s 
reveale d tha t  students '  understandin g o f  th e conten t  wa s 
genera l  whic h suggeste d tha t  breadt h rathe r  tha n dept h o f 

knowledg e wa s acquired .  No t  al l  conten t  wa s 
understoo d b y students .  S o m e concept s an d procedures , 
notabl y measure s o f  centra l  tendency ,  wer e problemati c 
fo r  learners .  Student s wer e unabl e t o calculat e th e 
mean,  median ,  an d m o d e b y han d despit e knowin g h o w 
t o d o so .  I n addition ,  student s ha d difficult y distin -
guishin g th e mea n fro m th e median ,  ofte n definin g th e 
media n a s th e "average "  rathe r  tha n th e "middl e 
number, "  term s whic h i n th e instruction ,  wer e use d ex -

clusivel y t o defin e th e mea n an d media n respectively . 
Thi s confusio n suggeste d tha t  th e concept s mea n an d 
media n wer e no t  full y  understood .  Moreover , 
performanc e o n grou p presentation s indicate d tha t  mos t 
student s di d no t  analyz e thei r  data .  Mos t  group s 
calculate d percentage s rathe r  tha n mean s fo r  describin g 
thei r  data .  Give n tha t  al l  thei r  researc h question s 
entaile d collectin g frequenc y dat a thi s fmdin g i s no t 
surprising .  However ,  i t  i s  unclea r  from  grou p 
presentation s whethe r  student s understoo d tha t  th e mea n 
was a n inappropriat e measur e fo r  analyzin g frequency 
data .  Studen t  response s durin g th e questio n period s tha t 
followe d th e presentation s seeme d t o sugges t  tha t 
measure s o f  centra l  tendenc y wer e no t  use d t o analyz e 
th e dat a sinc e g r^h s wer e deeme d sufficien t  fo r 
conveyin g th e results . 

Inter-rate r  reliabilitie s wer e conducte d t o examin e 
consistenc y i n th e rating s give n b y tw o graduat e 
student s o n th e pr e an d pos t  tests .  Th e hig h 
correlation s f w pr e (r=0.982 )  an d pos t  (r=0.987 ) 
indicate d tha t  th e scorin g criteri a fo r  assessin g tes t 
performanc e wer e clea r  t o raters .  Thi s finding  suggest s 
tha t  th e tes t  result s wer e reliable . 

Conclusions and Implications 

The present study demonstrates that statistical 
learnin g fo r  youn g learner s ca n b e facilitate d b y a 
metho d o f  instructio n tha t  model s procedure s b y 
providin g variou s exemplar s o f  peer s explainin g h o w 
the y engage d i n th e experimentatio n process . 
Substantia l  knowledg e gain s from  pr e t o pos t  tes t  wer e 
demonstrated .  Th e increas e i n knowledg e i s consid -
erabl e give n th e four-da y duratio n o f  th e study .  Withi n 
thi s tim e span ,  student s acquire d knowledg e o f  man y 
statistica l  concept s an d pH-ocedures ,  however ,  response s 
t o tes t  item s an d performanc e o n projec t  presentation s 
indicate d tha t  dept h o f  understandin g wa s no t  acquired . 
Thi s finding  m a y b e accounte d fo r  b y th e hig h conten t 
coverage ,  limite d tim e i n whic h t o lear n suc h content , 
and emphasi s o n genera l  skills .  Accordin g t o Pollatse k 
et  al .  (1981 )  an d Zawojewsk i  (1988) ,  conceptua l 
difficultie s i n understandin g th e mean ,  fo r  instance ,  ar e 
du e t o forma l  method s o f  instructio n whic h emphasiz e 
specifi c  skill s  suc h a s memorizatio n o f  algorithms . 
However ,  thi s stud y suggest s tha t  instructio n 
emphasizin g interpretatio n withou t  sufficien t  experienc e 
witi i  computatio n ca n lea d t o difficultie s i n acquirin g 
conceptua l  understanding .  Althoug h conceptua l 
understandin g wa s no t  attained ,  thi s stud y suggest s tha t 
additiona l  modelin g throug h th e us e o f  concret e 
example s (i.e. ,  exemplars )  ca n facilitat e students '  un -
derstandin g o f  representative  sampling .  Providin g 
student s wit h multipl e representations  o f  realisti c 
performanc e t o mak e abstrac t  concept s suc h a s 
representative  samplin g mor e concret e ca n therefor e 
enhanc e learning .  However ,  th e choic e o f 
representations  i s crucial .  Exemplar s mus t  b e ric h 
enoug h t o diff̂ erentiat e th e level s o f  performanc e tha t  ar e 
use d t o illusUBt e variou s statistica l  procedures .  Witiiou t 
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suc h differentiation ,  th e effect s o f  makin g concept s an d 
procedure s les s abstrac t  wil l  b e minimal .  Thi s stud y 
was limite d i n tha t  th e example s wer e insufficientl y 
differentiate d 

Thi s stud y wa s a  firs t  attemp t  a t  incorporatin g on e 
aspec t  o f  th e cognitiv e ̂)prenticeshi p metho d o f 
instructio n fo r  eight h graders .  However ,  muc h mor e 
wor k i s require d t o develo p a  stron g instructiona l  too l 
tha t  incorporate s al l  th e relevan t  feature s o f  th e 
cognitiv e apprenticeshi p model .  Thi s stud y i s limite d 
by insufficien t  standardizatio n o f  th e instruction . 
Scaffoldin g wa s provide d b y graduat e student s wh o ha d 
t o b e traine d rathe r  tha n b y a n instructiona l  mediu m tha t 
provide d identica l  instructio n t o al l  student s (e.g. , 
computCT-base d instructio n o r  a n intelligen t  tutorin g 
syste m [ITS]) .  Developin g suc h a  too l  i s th e nex t 
phas e o f  thi s research . 
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