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Change s i n Studen t  Decision s wit h Convinc e M e : 

Usin g Evidenc e an d Mak in g Tradeoff s 

M a r c e l l e A .  Sit'no l  (mcBullC«'socratcs.bcrkeley.edu ) 
Scienc e an d Mat h Educatio n ( S E S A M E ) ;  453 3 To ima n Hal l 

Universit y o f  Californi a a t  Bericele y 
Bericeley ,  Californi a 94720-167 0 U S A 

Abst rac t 

This study examined the cognitive processes of decision 
maicin g i n a n urba n hig h schoo l  classroo m i n whic h tent h 
grader s analyze d scientifi c  evidenc e abou t  curren t  issue s o f 
technolog y an d society .  A  compute r  program ,  calle d Con -
vinc e M e (Schank ,  Ranne y &  Hoadley ,  1996) ,  provide d 
scaffoldin g fo r  makin g evidence-base d decision s fo r  th e 
experimenta l  group .  Durin g th e cours e o f  instruction ,  bot h 
th e contro l  an d experimenta l  classe s complete d open-ende d 
assessments .  Studen t  progress ,  i n usin g evidenc e t o sup -
por t  claim s an d i n weighin g benefit s an d drawbacks ,  wa s 
mixed .  Reason s fo r  th e change s i n decisio n makin g ar e of -
fered . 

Coherent Reasoning about Evidence 

Thi s researc h emphasize s reasonin g skill s i n usin g evidence . 
Othe r  studie s hav e examine d thes e skill s a s well .  Fo r  ex -
ample ,  i n th e Knowledg e Integratio n Environmen t  (KIE ) 
project ,  student s interpre t  an d critiqu e scientifi c  informatio n 
garnere d vi a th e interne t  an d mak e conjecture s abou t  it , 
formin g a  scientifi c  argument .  K I E researcher s hav e hy -
pothesize d tha t  engagin g student s i n th e creatio n o f  a n ar -
gument  facilitate s conceptua l  chang e (e.g. ,  Bel l  &  Linn , 
1997) . 

The progra m use d i n thi s project,C(3nv/Aic e M e ( C M ) , 
possesse s a  connectionis t  networ k (calle d E C H O)  tha t  simu -
late s huma n reasoning .  Usin g E C H O,  C M offer s feedbac k 
as t o whethe r  th e student' s evaluatio n o f  eac h propositio n 
matche s th e value s tha t  ar e simulate d b y th e computer . 
ECHO'S principle s o f  reasonin g ar e base d o n th e Theor y o f 
Explanator y Coherence ,  establishe d b y th e philosopher , 
Thagar d (1989) .  Th e theor y assume s tha t  th e plausibilit y o f 
a belie f  increase s with ,  fo r  instance :  a )  th e simplicit y wit h 
whic h i t  i s  explained ,  b )  increasin g breadt h o f  evidentia l 
coverage ,  an d c )  decreasin g competitio n wit h alternativ e be -
lief s (Ranne y &  Schank ,  1998) .  Tabl e 1  list s thes e princi -
ple s i n mor e detail . 

Whil e usin g th e program ,  a  studen t  enter s alternatives ,  be -
liefs ,  an d evidenc e abou t  a n issu e an d the n evaluate s th e 
plausibilit y o f  hi s decision .  C M ' s interfac e provide s scaf -
foldin g fo r  makin g a  decisio n throug h prompt s fo r  enterin g 
hypothese s an d evidence .  Student s ar e als o aske d t o mak e 
link s betwee n an d amon g hypothese s an d evidenc e an d mus t 
choos e whethe r  eac h lin k the y mak e i s  supportiv e ("ex -
plain" )  o r  contradictor y ("conflict") .  Student s rat e th e reli -
abilit y  o f  eac h piec e o f  evidence ,  a s wel l  a s h o w m u c h the y 
believ e eac h statemen t  tha t  the y hav e entered .  Next ,  the y 

ru n th e E C H O simulation ,  an d the n the y contras t  thei r  rat -
ing s wit h E C H O ' S activation s b y pressin g th e Model' s Fi t 
butto n tha t  calculate s a  correlatio n scor e an d respond s with , 
fo r  instanc e "Th e correlatio n betwee n you r  rating s an d 
E C H O 'S evaluation s is :  0.2 9 (mildl y related).... " 

Table 1. Some of ECHO'S Principles for a 

Coheren t  Argumen t 

1)  Plausibilit y  increase s wit h mor e suppor t  fro m explana -
tor y statements . 

2)  Plausibilit y  increase s wit h les s competitio n fro m con -
tradictor y statements . 

3)  Simplicity :  Th e plausibilit y  o f  a  belie f  i s inversel y 
relate d t o th e numbe r  o f  cohypothese s i t  need s t o ex -
plai n a  proposition . 

4 )  Dat a priority :  Result s o f  observations ,  suc h a s evidenc e 
and acknowledge d facts ,  hav e a  degre e o f  acceptabilit y 
on thei r  own . 

Prior studies with CM indicate that it is a useful tool for 
learnin g abou t  reasoning .  Student s usin g th e progra m per -
forme d bette r  tha n student s doin g simila r  pe n an d pape r  exer -
cises ,  perhap s becaus e o f  th e computer' s feedbac k (Schank , 
1995) .  Also ,  undergraduate s workin g wit h C M improve d a t 
distinguishin g betwee n hypothese s an d evidenc e (Ranney , 
Schank ,  Hoadle y &  Neff ,  1994) .  Hig h schoo l  student s us -
in g C M supporte d thei r  belief s wit h objectiv e evidenc e an d 
generate d mor e tha n on e alternativ e whil e makin g comple x 
decision s (Siegel ,  1997) . 

Research Focus 

Thi s stud y investigate d whethe r  usin g Convinc e M e wit h 
hig h schoo l  student s i n a n issue-oriente d biolog y clas s 
helpe d th e student s becom e bette r  a t  usin g scientifi c  evidenc e 
t o suppor t  thei r  decision s an d t o weig h tradeoff s i n thei r 
choices .  Th e hypothesi s wa s tha t  C M ' s principle s o f  coher -
enc e (Tabl e 1 )  woul d hel p engende r  bette r  decision-makin g 
skills . 

T o tes t  whethe r  C M activitie s significantl y improve d stu -
dents '  use s o f  evidenc e an d th e weighin g o f  tradeoffs ,  tw o 
classe s wer e examine d fo r  severa l  months .  Th e researche r 
observed ,  taught ,  participate d with ,  an d teste d th e classe s 
dail y an d equall y fro m Januar y throug h Jun e o f  1998 .  Th e 
same teache r  le d bot h advance d Biolog y classes .  T h e mai n 
curriculu m wa s Scienc e an d Sustainability ,  a  ne w cours e 
develope d b y th e Scienc e Educatio n fo r  Publi c Understandin g 
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Progra m (SEPUP )  a t  th e Universit y o f  Californi a a t  Ber -
keley' s Lawrenc e Hal l  o f  Science .  SEPUP' s course s includ e 
writte n material s fo r  student s an d teachers ,  a s wel l  a s labora -
tor y equipment .  Student s learne d scienc e b y studying ,  dis -
cussing ,  debating ,  an d experimenting ,  base d o n issue s rele -
van t  t o societ) . 

Assessing Student Reasoning 

I n additio n t o S E P U P instructiona l  materials ,  thi s stud y 
utilize d a n assessmen t  syste m develope d b y S E P U P.  Th e 
syste m wa s develope d fo r  SEPUP' s middl e schoo l  cours e 
usin g Rasc h measuremen t  technique s (e.g. .  Masters ,  1982) . 

Th e S E P U P assessmen t  syste m consist s o f  variable s tha t 
are a se t  o f  scientifi c  concepts ,  processe s an d skill s  tha t  ar e 
centra l  t o th e cours e (Roberts ,  Wilso n &  Draney ,  1997 ; 
Sloane ,  Wilso n &  Samson ,  1996) .  Understandin g Concept s 
and Evidenc e an d Tradeoff s wer e th e variable s use d i n thi s 
study .  Item s fo r  measurin g thes e variable s wer e embedde d i n 
task s throughou t  th e curriculum .  Student s wrot e shor t  es -
say s o r  sentence s i n respons e t o open-ende d questions .  Bot h 
Evidenc e an d Tradeoff s an d Understandin g Concept s ques -
tion s wer e score d o n a  criterion-referenced ,  0- 4 scal e accord -
in g t o th e S E P U P rubri c ( 0 i s low ,  4  i s  high :  se e Roberts , 
et  al. ,  1997) . 

Student s wer e assesse d o n tw o element s o f  th e variabl e 
Evidenc e an d Tradeoffs : 

•  Usin g Evidenc e (studen t  support s claim s wit h 

relevant  e \  idence ) 

•  Usin g Evidenc e t o M a k e Tradeoff s (  studen t  see s 

drawback s a s wel l  a s benefit s i n choic e an d sup -

port s thes e tradeoff s u  it h evidence ) 
For  example ,  a  studen t  w h o provide d th e majo r  objectiv e 
reason s fo r  he r  decisio n an d supporte d eac h reaso n wit h rele -
van t  an d accurat e evidenc e woul d receiv e a  scor e o f  3 ,  o n th e 
0- 4 scal e fo r  Usin g Evidence . 

Student s wer e als o assesse d o n tw o element s o f  th e Un -
derstandin g Concept s variabl e t o determin e ho w wel l  the y 
graspe d th e principle s o f  coheren t  decisions : 

•  Recognizin g Relevan t  Conten t  (identif y an d de -

scrib e th e principle s o f  coherenc e use d i n Con -

vinc e M e ) 

•  Applyin g Relevan t  Conten t  (us e th e principle s 

of  coherenc e i n ne w situations ) 
I n accordanc e wit h th e S E P U P metho d (Sloane ,  e t  al. , 

1996) ,  student s wer e introduce d t o th e assessmen t  syste m 
befor e th e evaluatio n too k place .  The y complete d practic e 
question s an d receive d feedback .  The y als o use d th e scorin g 
guide s whil e constructin g thei r  response s i n orde r  t o lear n t o 
distinguis h th e qualitativ e difference s betwee n scor e levels . 

Participants 

Th e schoo l  involve d i n th e projec t  face d socioeconomi c chal -
lenge s typica l  o f  th e inne r  city .  Accordin g t o th e schoo l 
district' s  data ,  5 0 % o f  student s qualifie d fo r  Ai d fo r  Familie s 
wit h Dependen t  Childre n ( A F D C ) ;  4 2 % o f  student s wer e 
identifie d a s Limite d Englis h Proficient .  Th e mos t  recen t 
S AT score s reporte d fo r  th e approximatel y 4 1 % o f  schoo l 
senior s w h o too k th e tes t  wer e fa r  belo w th e nationa l  aver -

age:  32 1 o n th e verba l  portio n (nationa l  averag e i s 423 )  an d 
43 7 o n mathematic s (nationa l  averag e i s  479) . 

Befor e th e stud y began ,  th e tw o classe s wer e compare d t o 
see i f  ther e wer e initia l  difference s i n ability .  Score s o n th e 
standardize d Terr a Nov a tes t  (CTB ,  1997 )  wer e obtained . 
Th e S E P U P contro l  clas s ha d a n averag e readin g perform -
anc e leve l  o n a  1- 5 scal e (5="advanced "  an d 3="nearin g profi -
cient" )  o f  2.3 4 (averag e percentil e o f  60.25) ,  whil e th e ex -
perimenta l  clas s ha d a n averag e readin g performanc e leve l  o f 
2.5 6 (averag e percentil e o f  67.25) .  However ,  a  t-tes t  re-
veale d tha t  th e differenc e wa s no t  significan t  (p=.35) . 

Procedure 

Bot h o f  th e tw o tenth-grad e classe s participate d i n th e Sci -
enc e wi d Sustainabilit y  cours e activities .  Ko r  a  perio d o f 
tw o months ,  th e experimenta l  clas s use d bot h th e cours e an d 
th e C M compute r  activities .  Du e t o scarcit y o f  compute r 
facilities ,  hal f  o f  th e clas s woul d us e C M on e da y whil e th e 
othe r  hal f  complete d S E P U P activities ;  th e nex t  da y the y 
woul d switch .  Th e contro l  clas s engage d i n S E P U P deci -
sion-makin g activitie s durin g th e tim e th e experimenta l 
clas s use d C M i n thi s manner .  Th e timin g o f  th e activities , 
th e evaluation s an d th e topic s covere d ar e summarize d i n 
Figur e I . 

Figure 1: Timeline 

The 2nd column is separated into rows with each represent-
in g 1  week .  Th e ligh t  area s represen t  week s whe n bot h 

classe s wer e workin g o n th e sam e activities .  Th e darkl y 
shade d are a represent s th e experimenta l  period .  Th e asterisk s 
indicat e time s o f  testin g (excep t  tha t  th e Evidenc e an d Trade -

off s test s fo r  Rasc h analysi s laste d thre e weeks) . 

MONTH 

Februar y 

March 

RESEARCH 

* 

TOPIC 

Biotechnolog y 

Sustainabilit y 

Food web s 

Ecolog y 

Cell s 

Genetic s 

Evolutio n 

Ecolog y 

Revie w 
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Some o f  th e question s use d o n th e Evidenc e an d Tradeoff s 
evaluation s ar e show n i n Tabl e 2 .  Te n open-ende d item s 
were take n b y 5 6 student s i n th e tw o classe s durin g thre e 
weeic s a t  th e beginnin g o f  th e study ,  an d te n opcn-cndtx l 
item s wer e take n ove r  thre e week s afte r  th e decisionniakin g 
activitie s a t  th e en d o f  th e study .  I n addition ,  fiv e Under -
standin g Concept s question s (example s i n Tabl e 2 )  wer e 
give n t o th e exijerimenta l  clas s immediatel y afte r  th e Con -
vinc e M e activities . 

Table 2. Examples of Evidence and Tradeoffs and 
Understandin g Concept s Question s 

Evidenc e an d Tradeoff s Item s 

Do yo u thin k human s shoul d b e include d i n th e Ant -
arcti c ecosystem ? Wh y o r  wh y not ? What  role ,  i f 
any,  d o yo u thin k human s pla y i n th e Antarcti c eco -
system ? 
Imagin e tha t  yo u ar e th e principa l  o f  a  schoo l  tha t  i s 
havin g a  proble m wit h broke n windows .  You r  choic e 
i s  t o replac e th e broke n window s wit h eithe r  glas s o r 
plexiglas s (plastic) .  Glas s an d plexiglas s hav e dif -
feren t  properties ,  an d th e plexiglas s cost s abou t  2 5 % 
more. 
What  materia l  woul d yo u us e an d why ? B e sur e t o 
describ e th e trade-off s involve d i n you r  decision .  A 
complet e answe r  wil l  discus s th e advantage s an d dis -
advantage s o f  bot h materials . 

...Tabl e o f  Fina l  Radis h Height s (Calculat e th e aver -
age heigh t  fo r  eac h treatment. ) 
a)  Woul d yo u ad d fertilize r  t o soi l  t o increas e agricul -
tura l  output ? Giv e reason s fo r  you r  answer . 
b)  D o yo u thin k tha t  addin g fertilize r  t o soi l  t o in -
creas e agricultura l  outpu t  i s a  sustainabl e process ? 
Explain . 

Unde rs tand in g C o n c e p t s Q u e s t i o n s 

HI :  Diazino n shoul d no t  b e use d becaus e i t  i s dan -
gerou s t o animal s 
El :  I t  cause s birt h defect s i n chicken s (Reliabil -
ity=3 ) 
E2:  I t  poison s an d kill s  birds ,  bees ,  an d fis h (Reli -
ability=3 ) 
vs . 
H2:  Diazino n ma y b e use d becaus e i t  i s saf e 
E3:  I t  doe s no t  caus e birt h defect s i n rat s o r  rabbit s 

QUESTIONS ABOUT THE ABOVE ARGUMENT: 
1.  Whic h sid e o f  th e argument ,  H I  o r  H2 ,  woul d 
ECHO thin k i s stronger ? Why ? 
2.  Ho w woul d yo u chang e th e argumen t  t o mak e H I 
stronger ? 

Quest io n 
ff 

3, 4 

7, 8 

also 
19,2 0 

13,  1 4 

4, 5 

Analyse s 

Two type s o f  analyse s o f  th e dat a wer e carrie d out .  Th e firs t 
analysi s (basic )  include d dat a i n ra w form ,  an d looke d a t  par -
ticula r  point s i n tim e (tests) .  I n thi s basi c analysis ,  th e first 
questio n (pretest ,  wee k I )  wa s compare d t o th e questio n 

give n first  afte r  th e treatmen t  perio d (posttest ,  wee k 16 )  t o 
th e las t  questio n give n (delaye d posttest ,  wee k 18) .  Whil e 
thi s typ e o f  testin g migh t  b e mor e familia r  t o researcher s 
and classroo m teachers ,  thi s typ e o f  analysi s i s no t  full y 
soun d accordin g t o theorie s o f  measurement . 

For  example ,  th e researche r  ha s n o wa y t o tel l  whic h 
item s ar e mor e difficul t  tha n othe r  items .  T o addres s suc h 
measuremen t  issues ,  a  secon d analysi s wa s carrie d ou t  usin g 
Rasch modelin g (e.g. .  Masters ,  1982 ;  Wrigh t  &  Masters , 
1982) .  Usin g thi s advance d statistica l  technique ,  on e ca n 
compar e th e difficult y o f  item s i n detail ,  rathe r  tha n givin g 
question s withou t  knowin g ho w the y differ ,  becaus e "ite m 
difficulty "  an d "perso n ability "  ar e estimate d o n th e sam e 
scale .  I n addition ,  Rasc h modelin g i s no t  onl y norm -

_reference d (i.e .  comparin g a  studen t  t o othe r  students) ,  bu t 
als o criterion-reference d (i.e .  comparin g a  student' s wor k t o 
conten t  standard s o r  criteria )  whic h offer s mor e avenue s fo r 
interpretin g th e results . 

I n th e Evidenc e an d Tradeoff s Rasc h analysis ,  tw o set s o f 
dat a wer e modeled :  al l  th e item s answere d befor e th e treat -
ment  (preexam )  an d al l  th e item s answere d afte r  th e treat -
ment  (postexam) .  Becaus e th e question s wer e open-ende d 
and wer e ofte n embedde d i n a  laborator y activity ,  multipl e 
question s coul d no t  b e give n o n th e sam e day ;  th e preexa m 
and postexa m bot h too k thre e week s t o complete .  Students ' 
progres s ove r  tim e an d difficult y o f  item s wer e thu s con -
founded .  I n orde r  t o contro l  fo r  th e difficult y o f  th e items ,  a 
simulatio n wa s ru n wit h item s anchore d t o a n analysi s o f 
83 0 student s i n anothe r  S E P U P cours e (whic h wa s possibl e 
becaus e ther e wer e c o m m o n items )  (Wilson ,  Sloan e &  Rob -
erts ,  1995) .  Fou r  preexa m item s an d tw o postexa m item s 
wer e anchore d a t  thei r  appropriat e difficult y level s fro m thi s 
previou s study .  I n th e Understandin g Concept s analysis ,  th e 
five  item s wer e modele d a s on e (post )  exam .  Al l  th e studen t 
score s wer e analyze d usin g Ques t  softwar e (Adam s &  Khoo , 
1993) . 

The E T an d U C question s ha d bee n pilo t  teste d fo r  reli -
abilit y  an d validit y i n a  previou s study .  Usin g thi s informa -
tion ,  E T item s wer e assigne d t o th e tw o exams . 

Rasch Results: UC Correlation 

Result s fro m th e Understandin g Concept s evaluatio n sug -
geste d tha t  understandin g th e principle s o f  Convinc e M e wa s 
helpfu l  i n buildin g bette r  decision s i n Evidenc e an d Trade -
offs .  Student s wh o di d bette r  o n th e Evidenc e an d Tradeoff s 
postexa m als o di d bette r  o n th e Understandin g Concept s 
exam.  Th e correlatio n betwee n E T an d U C wa s .5 0 fo r  th e 
basi c analysi s an d .6 1 fo r  th e Rasc h analysis . 

Basic Results: Significant Improvement 
o n E v i d e n c e a n d T r a d e o f f s 

Studen t  wor k reveale d highe r  score s ove r  tim e o n measure s 
of  usin g evidenc e an d makin g tradeoffs .  Th e result s fro m 
comparin g th e basi c Evidenc e an d Tradeoff s scores ,  includin g 
bot h Usin g Evidenc e an d Usin g Evidenc e t o M a k e Tradeoffs , 
portra y progres s fo r  bot h classes .  Not e tha t  throughou t  thi s 
tim e bot h classe s wer e usin g S E P U P activitie s an d s o woul d 
be expecte d t o improv e o n Evidenc e an d Tradeoff s measures . 
I t  appear s thi s wa s true ,  i n additio n t o th e C M grou p show -
in g marke d improvemen t  o n th e delaye d posttest .  Thei r 
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averag e score s (o n a0- 4 scale. 4 i s high )  ar e show n i n labl e 
3. 

Tabl e 3 .  Averag e H \  idenc c an d Tradeoff s scores . 

Th e unit s ar e fro m th e Hxidenc e an d Tradeoff s 0- 4 scale .  P 

value s ar e show n i n parentheses . 

Score :  Usin g Evidence :  1 
Maic e Tradeoffs :  1 

Usin g Evidenc e t o 

Clas s Pretes t  Posttes t  Delaye d Posttes l 

Contro l 1.8 7 

Experimenta l  1.5 2 

2.3 5 

1.9 8 

2.9 2 

3.0 0 

Differenc e .3 5 (<.001 )  .3 7 (<.05 )  -.0 8 (>.05 ) 

Table 4. Average E\ idence and Tradeoffs Gains. 

Th e unit s ar e fro m th e E \  idenc e an d Tradeoff s 0- 4 scale .  P 
value s ar e show n i n parentheses . 

Clas s Pr e t o Posttes t  Pos t  t o Delaye d Total :  Pr e t o 
Posttes t  Delaye d Post -

les t 

Control .48(<.001) .57 (<.001) 1.05(<.001) 

Experimental .46 (<.001) 1.02(<.001) 1.48(<.001) 

Al l  o f  thes e difference s wer e significant ,  excep t  fo r  th e dif -
ferenc e betwee n th e contro l  an d experimenta l  clas s o n th e 
delaye d posttes t  ( p value s show n i n Tabl e 3) .  Th e im -
provemen t  fo r  th e experimenta l  grou p wa s numericall y 
large r  tha n fo r  th e contro l  group ;  th e gai n score s ar e show n 
i n Tabl e 4 .  Th e experimenta l  grou p show s th e mos t  im -
provement ,  no t  immediatel y afte r  usin g Convinc e M e ,  bu t 
o n th e delaye d posttest .  A  sampl e o f  wor k fro m on e o f  th e 
student s (alia s "Jamie" )  w h o improve d ove r  tim e follows . 
Jamie' s answe r  o n th e pretes t  receive d a  lo w scor e becaus e i t 
di d no t  emplo y scientifi c  evidenc e accordin g t o th e question . 

Question: Should we allow human cloning for research or 
medicine ? Shoul d an y clonin g experiment s b e done ? Giv e 
evidenc e fro m th e article s t o suppor t  you r  view .  Thin k i n 
term s o f  bot h advantage s an d disadvantages . 

Response: Jamie's answer does not include sci-
entifi c  evidenc e fi-om  th e activit y an d receive d lo w 
scores : 

I  thin k tha t  ther e shoul d no t  b e huma n clonin g 
becaus e i f  yo u clon e a  perso n yo u woul d hav e sam e 
I>̂ ^ A an d everythin g an d i f  th e identica l  clon e g o 
and d o somethin g bad ,  lik e killin g somebody ,  an d 
when th e polic e g o catc h th e person ,  the y migh t 
find  th e wron g perso n an d the y ca n no t  sa y any -
thin g becaus e th e clon e an d th e perso n hav e every -
thin g th e same .  I n a  wa y I  thin k tha t  allowin g hu -
man clonin g i s goo d becaus e th e clon e coul d b e 
much healthie r  an d everything . 

Jami e wa s i n th e contro l  clas s an d di d no t  tak e par t  i n th e 

decision-makin g instructiona l  treatment .  Thre e month s an d 

eigh t  item s later ,  Jami e use d mor e evidenc e o n th e posttest : 

Question: I'rctcnd you are in charge of transport-
in g thing s b y ca r  tw o hour s away .  Yo u nee d t o pac k 
th e fragil e item s carefull y s o the y ar e no t  harmed . 
You ma y pic k fro m th e following...etc . 

Response: 1 think 1 would use a card board box 
becaus e i t  ca n hol d th e skul l  perfectl y an d tha t  w e 
ar c drivin g a  ca r  s o w e wil l  no t  b e scare d tha t  th e 
skul l  wil l  fal l  o n th e wate r  an d th e recyclabl e an d i t 
wil l  brea k th e skull .  I f  w e us e newspape r  th e skul l 
wil l  rol l  aroun d th e ca r  an d wil l  break .  Th e plasti c 
bucke t  ca n no t  b e recycle d an d th e ca n mak e th e 
skul l  floa t  aroun d s o i t  migh t  break .  Wate r  ca n 
make th e dirt y stuf f  away ,  bu t  i t  ma y b e important . 

Score: Using Evidence: 3 

After another month and 6 questions, Jamie's delayed 
posttes t  answe r  receive d th e highes t  marks .  Recal l  tha t  th e 
scor e onl y reflect s th e criteri a describe d i n th e scorin g guide . 
Jamie' s answe r  i s no t  "wel l  written, "  bu t  show s "higher -
leve l  reasoning "  becaus e o f  th e wa y th e evidenc e i s weighe d 
on bot h side s o f  th e issue : 

Question: (see Table 2, #19,20) 

Response: If I was the principal of the school I 
woul d us e th e plexiglas s becaus e th e plexiglas s i t 
can no t  b e brea k easil y an d i f  the y ar e havin g s o 
much proble m an d the y stil l  us e th e sam e kin d o f 
materia l  I  thin k the y shoul d chang e it .  Th e plexi -
glas s cos t  2 5 % more ,  bu t  thin k o f  th e safet y o f  th e 
studen t  an d no t  replacin g i t  s o muc h time .  I f  yo u re -
plac e i t  a  lo t  i t  wil l  cos t  yo u mor e an d i t  migh t  hur t  a 
studen t  an d fo r  puttin g i t  u p yo u wil l  b e interupptin g 
th e studen t  an d th e worke r  wil l  nee d yo u t o pa y fo r 
the m the n yo u wil l  us e mor e becaus e ever y tim e the y 
put  i t  u p tha t  i s  hundred s o f  dolla r  already ,  wit h 
plexiglas s i t  wil l  no t  brea k easil y an d ther e wil l  no t 
be a  lo t  o f  intemiptnes s an d hur t  an d yo u don' t  hav e 
t o pa y a s muc h tim e t o th e worker s a s th e glas s win -
dow. 

Score: Using Evidence: 4 Using Evidence to 
Make Tradeoffs :  4 

Rasch Results: No Progess on Evidence 
a n d T r a d e o f f s 

The Rasc h estimate s o f  students '  abilitie s di d no t  indicat e 

improvemen t  fo r  th e tw o classes .  Th e abilit y  estimat e rep-

resent s th e Rasc h model' s predictio n o f  eac h student' s abilit y 

on Evidenc e an d Tradeoffs .  Th e unit s ar e expresse d i n legit s 
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(log[3t/(l-n) ]  wher e J i  =respons e probabilit y  accordin g t o 

th e model) .  Th e Rasc h estimate s o f  students '  abilitie s tha t 

wer e anchore d t o a  previou s analysi s a s describe d above . 

showed tha t  th e classes '  averag e estimate s wer e wors e o n th e 

final  te n question s tha n o n th e first  te n question s (se e Tabl e 

5) .  However ,  th e change s wer e no t  significant .  Th e stan -

dar d deviatio n o n th e preexa m wa s 1.4 4 an d o n th e postexa m 

was .7 9 puttin g th e tw o score s withi n reac h o f  eac h other . 

Table 5. Anchored Rasch Estimates of Evidence 
and Tradeoff s 

Units are expressed in logits. 

Clas s Preexa m ( 1 -10 )  Postexa m (1 1 -20 ) 

Contro l .7 6 

Experimenta l  .7 0 

-1.6 6 

-1.5 5 

Also ,  whe n th e logi t  estimate s ar e plotte d ont o th e m a p 

of  performanc e levels ,  th e preexa m an d postexa m level s ar e 

bot h a t  2  (se e Figur e 2) .  Thi s indicate s tha t  whe n ite m dif -

ficulty  i s controlled ,  neithe r  clas s improves ,  bu t  bot h remai n 

at  th e sam e level .  (Leve l  2  i s simila r  t o a  scor e o f  2  o n th e 

Evidenc e an d Tradeoff s scorin g guide. ) 

Figure 2. Evidence and Tradeoffs Levels 

EXP=Experi mental Class 
CRL=Contro l  Clas s 

Logit s 

3. 2 

1.6 

0 

-1. 6 

Averag e 
Preexa m 

EXP CR L 

Averag e 
Postexa m 

EXP CR L 

Level s o f  Perform -
anc e 
Leve l  3 
P*rovide s relevant 
and accurat e evi -
denc e fo r  eac h clai m 
or  fo r  a t  leas t  tw o 
perspective s o n th e 
issue . 

Leve l  2 
S o me reason s of -
fere d bu t  evidenc e i s 
incomplet e o r  onl y 
on e perspectiv e i s 
provided . 

The tw o class' s averag e pr e an d pos t  response s wer e no t 
qualitativel y differen t  accordin g t o th e chart .  Bot h classe s 
bega n wit h a n averag e abilit y  leve l  o f  2 ,  meanin g tha t  the y 
offere d reason s fo r  thei r  decision ,  bu t  di d no t  provid e suffi -
cien t  relevan t  evidence .  Bot h classe s ende d u p wit h a n aver -
age abilit y  leve l  o f  2  a s well . 

D i s c u s s i o n 

The result s demonstrate d tha t  som e student s fro m bot h 
classe s becam e mor e sophisticate d a t  answerin g question s 
tha t  require d the m t o us e evidenc e an d mak e tradeoffs .  Th e 
basi c analysi s showe d that ,  a s expected ,  bot h group s usin g 
S E P UP activitie s score d highe r  o n Evidenc e an d Tradeoff s 
ove r  time .  Th e grou p usin g C M ha d significantl y bette r 
posttes t  score s tha n th e contro l  group ,  indicatin g tha t  C M 
was a  usefu l  too l  fo r  helpin g student s lear n t o mak e evi -
dence-base d decisions .  Th e experimenta l  group' s averag e 
gai n fro m th e pretes t  t o th e delaye d posttes t  wa s 1.48 ,  whil e 
th e contro l  group' s wa s 1.08-bot h representin g qualitativ e 
difference s o f  a t  leas t  on e scor e level .  Interestingly ,  th e ex -
perimenta l  group' s greates t  gai n wa s betwee n th e posttes t 
and delaye d posttest .  Thi s resul t  migh t  impl y tha t  student s 
benefite d fro m integratin g thei r  experienc e wit h C M wit h 
additiona l  S E P U P activitie s an d evaluations .  However ,  th e 
Rasc h estimate s di d no t  indicat e improvemen t  fo r  th e aver -
age o f  eithe r  class . 

Ther e ar e tw o reason s w h y th e Rasc h analysi s migh t  no t 
hav e showe d improvement .  O n e possibilit y i s  tha t  wit h 
moderat e improvemen t  (a s show n i n th e basi c analysis) ,  on e 
coul d no t  expec t  significanc e withou t  a  large r  sampl e o f 
students .  A  secon d possibl e reaso n i s tha t  th e Rasc h analy -
si s compare d tw o lon g tim e periods .  Th e preexa m too k 
plac e ove r  thre e week s an d ther e wa s improvemen t  durin g 
tha t  time ;  th e postexa m als o consiste d o f  severa l  question s 
ove r  thre e week s durin g whic h ther e wa s improvemen t  (e.g. , 
show n b y th e basi c analysi s gains) .  Th e improvemen t  dur -
in g th e length y preexa m an d postexa m coul d mas k th e gen -
era l  improvemen t  overal l  fro m preexa m t o postexam .  Th e 
Rasc h analysi s ha d practica l  constraint s preventin g th e ad -
ministratio n o f  multipl e question s o n th e sam e day :  th e 
analysi s require d severa l  item s i n orde r  t o mode l  th e results ; 
th e item s wer e comple x questions ,  ofte n associate d wit h a 
laborator y activity ,  an d too k a t  leas t  hal f  a n hou r  t o answer . 
Thus ,  i t  wa s no t  possibl e t o giv e mor e tha n on e questio n 
per  day . 

Th e result s sugges t  tha t  Convinc e M e helpe d student s us e 
evidenc e an d weig h tradeoff s i n thei r  argument .  Fro m th e 
researcher' s dail y experienc e i n th e classroom ,  i t  appeare d 
tha t  student s learne d tha t  t o buil d a n argumen t  i n C M ,  on e 
was obligate d t o includ e evidenc e an d no t  jus t  opinions . 
Th e correlationa l  dat a support ,  bu t  d o no t  prov e o r  negate , 
th e origina l  hypothesi s tha t  C M ' s principle s o f  coherenc e 
woul d enhanc e students '  us e o f  evidence .  Still ,  othe r  aspect s 
of  interactin g wit h C M coul d hav e bee n beneficia l  beyon d 
th e principle s o f  coherence .  Fo r  instance ,  C M scaffolde d 
student s i n connectin g supportin g statement s an d linkin g 
conflictin g statement s int o a  web .  Thi s typ e o f  reasonin g 
experienc e migh t  hav e bee n helpfu l  whe n answerin g th e 
Evidenc e an d Tradeoff s questions .  Th e ac t  o f  checkin g one' s 
decisio n afte r  receivin g feedbac k fro m th e computer ,  the n 
revisin g it ,  m a y hav e als o bee n usefu l  fo r  th e students .  Fur -
the r  studie s ar e necessar y befor e a  ful l  assessmen t  o f  C M ' s 
asset s an d flaws  ca n b e made .  Previou s studie s hav e targete d 
part s o f  th e progra m tha t  assis t  learnin g i n particula r  way s 
(e.g. ,  Ranne y e t  al. ,  1994) .  Curren t  analyse s o f  students ' 
use o f  Convinc e M e wil l  provid e furthe r  evidenc e abou t  stu -
dents '  developmen t  o f  decision-makin g skills .  O n e reaso n 
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thi s researc h i s essentia l  i s  tha t  developin g way s o f 
enhancin g thes e decision-makin g skill s  i s vita l  lo r  educatin g 
student s a s critically-thinkin g citizens ,  a s note d i n man y 
nationa l  proposal s fo r  scienc e educatio n refor m (e.g. ,  N R C , 
1996) . 
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