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Investigations of formal problem-solving are conducted with the expectation that they will 
predict or at least help understand informal or everyday problem-solving. For instance, if a 
student scores well on a multiple-choice physics exam, the expectation is that the student will 
also do well on an everyday physics problem. Traditionally the evaluation of problem-solving 
skills in educational testing and cognitiw psychology has been dominated by formal, objec
tively scored tests, for example, multiple-choice tests (Garnham & Oakhill, 1994; Hambleton 
& Murphy, 1992). The relationship between formal and informal processes is questionable, 
however (Galotti, 1989). Formal tests may not elicit the same cognitive processes as informal 
tasks because they lack the process authenticity of informal tasks (Royer, Cisero, & Carlo, 
1993). To address the lack of process authenticity, problem-solving skills can be directly 
evaluated using tasks that are "ill defined" and therefore more likely to elicit the cognitive 
processes associated with informal, everyday tasks. The purpose of the present study was to 
construct informal, performance tasks to evaluate both junior and senior high school 
students' problem-solving in mathematics. The task for students was to evaluate other 
students' solutions to two questions in mathematics. Results indicate that higher-achieving 
students generally preferred responses reflecting multiple approaches to problem-solving. A 
smaller number of students were also interviewed individually and asked to think aloud as 
they evaluated the solutions. Results indicate that students found multiple approaches to 
problem-solving desirable, while at the same time exhibiting problem-solving biases. 

Les études sur la résolution formelle de problèmes sont entreprises dans l'attente qu'elles 
prédiront, ou du moins aideront à comprendre, la résolution quotidienne ou informelle de 
problèmes. Par exemple, si un élève réussit bien à un examen de physique à choix multiples, 
on s'attend à ce que sa performance soit aussi positive lors de la résolution d'un problème 
quotidien concernant la physique. Traditionnellement, l'évaluation des habiletés de résolu
tion de problèmes dans les tests de rendement et dans la psychologie cognitive a été dominée 
par des examens formels et objectifs tels ceux à choix multiples (Garnham & Oakhill, 1994; 
Hambleton & Murphy, 1992). Cependant, le rapport entre les processus formel et informel 
est discutable (Galotti, 1989). Les examens formels, n'ayant pas l'authenticité procédurale 
des tâches informelles, pourraient ne pas faire appel aux mêmes processus cognitifs que les 
examens informels (Royer, Cisero, & Carlo, 1993). Pour parer au manque d'authenticité 
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procédurale, on peut évaluer les habiletés de résolution de problèmes en employant des tâches 
qui sont "mal définies" et donc plus aptes à faire appel aux processus cognitifs associés aux 
tâches informelles de tous les jours. Le but de la présente étude était de créer des tâches 
informelles pour évaluer la capacité de résolution de problèmes en mathématiques d'élèves de 
la 7e à la 12e année. La tâche des élèves était d'évaluer les solutions que les autres élèves 
avaient fournies à deux questions de mathématiques. Les résultats indiquent qu'en général, 
les élèves les plus performants préfirent les réponses impliquant des approches multiples à la 
résolution de problèmes. Lors d'entrevues individuelles avec un plus petit nombre d'élèves, 
on leur a demandé de réfléchir à haut voix en évaluant les solutions. Les résultats indiquent 
que les élèves jugent désirables les approches multiples à la résolution de problèmes, tout en 
démontrant des préjugés quant au processus de résolution. 

Schools are e x p e r i e n c i n g a shif t t o w a r d m o r e per formance-based assessment, 
that i s , assessment that measures p r o b l e m - s o l v i n g s k i l l s as m a n i f e s t e d i n 
e v e r y d a y tasks (Royer , C i s e r o , & C a r l o , 1993). W i l e y (1991) def ines e v e r y d a y 
tasks as learning tasks w h e n they m i r r o r i n s t r u c t i o n a l act ivit ies or life tasks w h e n 
they m i r r o r real - l i fe act ivi t ies (for w h i c h l e a r n i n g tasks prepare the student) . 
T h i s m o v e is a n i m p o r t a n t one because of the increas ing c o n c e r n that t r a d i t i o n 
a l f o r m a l tasks u s e d i n e d u c a t i o n a l assessment, s u c h as m u l t i p l e - c h o i c e a n d 
true-false tests, d o n o t measure the same cogni t ive strategies or processes as d o 
i n f o r m a l or p e r f o r m a n c e - b a s e d assessments (Ga lo t t i , 1989; W i l e y , 1991). A l 
t h o u g h the terms formal a n d informal are not n o r m a l l y u s e d to describe types of 
e d u c a t i o n a l assessment, these terms are c o m m o n l y u s e d i n the c o g n i t i v e p s y 
c h o l o g i c a l l i terature to descr ibe p r o b l e m - s o l v i n g tasks ( G a r n h a m & O a k h i l l , 
1994). A s i n e d u c a t i o n , the f i e l d of p r o b l e m - s o l v i n g i n p s y c h o l o g y is also 
e x p e r i e n c i n g a shi f t f r o m t r a d i t i o n a l f o r m a l tasks, s u c h as c o n d i t i o n a l a n d 
categor ica l s y l l o g i s m s , to i n f o r m a l o r per formance-based assessment ( C u m 
m i n s , 1995). T h i s shi f t represents a desire o n the part of educators a n d p s y c h o 
logists to increase the v a l i d i t y of b o t h p r o b l e m - s o l v i n g tasks a n d the inferences 
m a d e f r o m t h e m about s tudents . 

T h e shi f t is t a k i n g place because f o r m a l tasks are b e l i e v e d to lack process 
authenticity i n s o f a r as they f a i l to measure the same c o g n i t i v e strategies as those 
m e a s u r e d b y i n f o r m a l , per formance-based tasks (Royer et a l . , 1993). I n a d d i 
t i o n , f o r m a l tasks are b e l i e v e d to lack task authenticity insofar as they d o not 
represent the k i n d of m e a n i n g f u l a n d re levant tasks f o u n d i n the real w o r l d 
(Royer et a l . , 1993; Rogers , M a g u i r e , & L e i g h t o n , 1998). T h e use of tasks that 
h a v e b o t h task a n d process authent ic i ty is i m p o r t a n t i n order to " m o r e ac
c u r a t e l y m i r r o r a n d m e a s u r e w h a t w e v a l u e i n e d u c a t i o n [and p s y c h o l o g y ] " 
( H a r t , 1994, p . 9). 

A l t h o u g h m a n y terms are u s e d to describe al ternatives to t r a d i t i o n a l , f o r m a l 
assessment (e.g., authentic assessment, holistic assessment, outcome-based assess
ment, a n d the t e r m w e use i n this article—performance-based assessment), they a l l 
i m p l i c i t l y suggest a m o v e t o w a r d assessment that m o r e c lose ly m i r r o r s the g o a l 
of e d u c a t i o n — t o p r e p a r e students to deal ef fect ively w i t h real- l i fe p r o b l e m s . 
A s H a r t (1994) descr ibes , " A n assessment is authent ic w h e n it i n v o l v e s s tu
dents i n tasks that are w o r t h w h i l e , s igni f i cant , a n d m e a n i n g f u l " (p. 9). S u c h 
tasks i n c l u d e p r o b l e m s s tudents m i g h t face i n their e v e r y d a y e n v i r o n m e n t 
w h e r e i n they h a v e to p l a n , o r g a n i z e , evaluate , a n d / o r synthes ize k n o w l e d g e i n 
o r d e r to generate a response ins tead of s i m p l y c h o o s i n g the best o p t i o n . U s e of 
p e r f o r m a n c e - b a s e d assessment requires s tudents to use h i g h e r - o r d e r t h i n k i n g 
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strategies a n d a b r o a d range of k n o w l e d g e , just as p e o p l e d o w h e n they need to 
s o l v e e v e r y d a y p r o b l e m s s u c h as e v a l u a t i n g hea l th care al ternatives o r the 
p l a t f o r m s associated w i t h di f ferent p o l i t i c a l part ies (Har t , 1994; T o m b a r i & 
B o r i c h , 1999). I n r e t u r n , use of per formance-based assessment c a n i n f o r m s t u 
dents a b o u t w h e r e they nee.d to e x p a n d their k n o w l e d g e a n d / o r strategies i n 
r e l a t i o n to themselves ins tead of others ( T o m b a r i & B o r i c h , 1999). 

Formal versus Informal Tasks 
A l t h o u g h there are m a n y differences b e t w e e n f o r m a l a n d i n f o r m a l tasks, for 
m a l tasks are u s e d i n e d u c a t i o n a l assessment because they are less p r o b l e m a t i c 
to e m p l o y t h a n are i n f o r m a l tasks. T o be sure , ease of i m p l e m e n t a t i o n is a n 
i m p o r t a n t var iab le to cons ider , espec ia l ly i n i n s t r u c t i o n a l settings, b u t i t s h o u l d 
n o t o v e r s h a d o w v a l i d assessment. 

A d i s t i n c t i o n is u s u a l l y d r a w n b e t w e e n f o r m a l a n d i n f o r m a l tasks i n e d u c a 
t i o n a l assessment as w e l l as i n p s y c h o l o g y ( H a m b l e t o n & M u r p h y , 1992; G a l o t -
t i , 1989; G a r n h a m & O a k h i l l , 1994). T h i s d i s t i n c t i o n is m o s t c lear ly u n d e r s t o o d 
b y h i g h l i g h t i n g the characterist ics associated w i t h f o r m a l a n d i n f o r m a l tasks. 
F o r instance , f o r m a l tasks i n e d u c a t i o n a n d p s y c h o l o g y are a l ike i n that they (a) 
n o r m a l l y h o l d a l l re levant i n f o r m a t i o n l e a d i n g to a s o l u t i o n , (b) are self -con
t a i n e d , (c) i n v o l v e a s ingle correct answer , (d) c a n be s o l v e d u s i n g c o n v e n t i o n a l 
p r o c e d u r e s , (e) i n v o l v e s o l u t i o n s that are u n a m b i g u o u s , (f) enta i l topics that 
are t y p i c a l l y n a r r o w a n d o n l y of academic interest, a n d (g) d o not necessari ly 
p r e p a r e s tudents to so lve other p r o b l e m s success ful ly (Galot t i , 1989; 
H a m b l e t o n & M u r p h y , 1992). In contrast , i n f o r m a l tasks tend to h a v e the 
o p p o s i t e characterist ics . In p a r t i c u l a r , s tudents n o r m a l l y m u s t search for s o l u 
t ions to i n f o r m a l tasks b y c o n s i d e r i n g a d d i t i o n a l i n f o r m a t i o n to that presented 
i n the task. B y c o n s i d e r i n g o u t s i d e i n f o r m a t i o n , s tudents often w i l l consider 
d i s t i n c t p r o c e d u r e s for genera t ing so lu t ions , a n d as a result m o r e t h a n a single 
correct s o l u t i o n to the task is l i k e l y to be e x t e n d e d ( G a r n h a m & O a k h i l l , 1994). 

I n contrast to f o r m a l tasks, i n f o r m a l tasks are i n f r e q u e n t l y u s e d a n d , conse
q u e n t l y , h a v e attracted l i t t le e m p i r i c a l a t tent ion ( G a r n h a m & O a k h i l l , 1994). 
T h e f requent use of f o r m a l tasks to the d e t r i m e n t of i n f o r m a l tasks i n both the 
e d u c a t i o n a l a n d p s y c h o l o g i c a l spheres has a c o m m o n e x p l a n a t i o n . O n the one 
h a n d , research w i t h f o r m a l tasks l ends itself to c l a s s r o o m use a n d laboratory 
s t u d y because the tasks are se l f -conta ined, p e r m i t the ins tructor (or inves
t igator) to c o n t r o l the i n f o r m a t i o n s tudents use to so lve the task (as the instruc
tor p r o v i d e s the r e q u i r e d a n d re levant i n f o r m a t i o n needed) , a n d a l l o w an 
u n a m b i g u o u s e v a l u a t i o n of s tudents ' p e r f o r m a n c e (Galot t i , 1989). H e n c e for
m a l tasks h a v e c o m e to be associated w i t h a w e l l - d e f i n e d m e t h o d o l o g y 
( G a r n h a m & O a k h i l l , 1994). O n the other h a n d , use of i n f o r m a l tasks is con
s i d e r e d r i s k y because per formance-based assessments are not eas i ly designed 
or a d m i n i s t e r e d i n c l a s s r o o m a n d labora tory sett ings. F o r e x a m p l e , i n f o r m a l 
tasks n o r m a l l y f a i l to reach acceptable levels of re l iab i l i ty ( H a m b l e t o n & M u r 
p h y , 1992; L i n n , 1994). F u r t h e r m o r e , i n f o r m a l tasks m a k e it a lmost imposs ib le 
for the ins t ruc tor to c o n t r o l the i n f o r m a t i o n students use to so lve the task 
because, b y d e f i n i t i o n , per formance-based assessments require students to 
c o n s i d e r i n f o r m a t i o n o u t s i d e the task. F i n a l l y , s tudents ' responses to i n f o r m a l 
tasks are not eas i ly scored because m u l t i p l e approaches to reach a s o l u t i o n and 
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a v a r i e t y of s o l u t i o n s are poss ib le (Galot t i , 1989; P e r k i n s , 1986). In s u m , the 
strengths of f o r m a l tasks h a v e o v e r s h a d o w e d those of i n f o r m a l tasks 
( H a m b l e t o n & M u r p h y , 1992; R o y e r et a l . , 1993). 

F o r m a l tasks, h o w e v e r , are genera l ly u s e d w i t h the i m p l i c i t expectat ion that 
these tasks w i l l p r e d i c t p e r f o r m a n c e o n i n f o r m a l or e v e r y d a y p r o b l e m - s o l v i n g 
tasks ( G a l o t t i , 1989; H a r m a n , 1995). A l t h o u g h e m p i r i c a l results o b t a i n e d f r o m 
the use of f o r m a l tasks h a v e s p a w n e d m a n y c o n c l u s i o n s about f o r m a l p r o b l e m -
s o l v i n g processes , these c o n c l u s i o n s h a v e not been i n f o r m a t i v e about e v e r y d a y 
c o g n i t i o n or p e r f o r m a n c e o n e v e r y d a y p r o b l e m - s o l v i n g tasks (Galot t i , 1989; 
H a m b l e t o n & M u r p h y , 1992; Rogers et a l . , 1998). Research w i t h i n f o r m a l tasks 
is therefore n e e d e d i n o r d e r to u n d e r s t a n d e v e r y d a y p r o b l e m - s o l v i n g (Perkins , 
1986). 

Real Tasks and Real Problem-Solving 
A l t h o u g h s t u d e n t s ' p r o b l e m - s o l v i n g processes a n d p r o d u c t s are t y p i c a l l y as
sessed w i t h f o r m a l tasks, the rea l a i m of these measures is to p r e d i c t process 
a n d p r o d u c t o n i n f o r m a l or e v e r y d a y tasks (Galot t i , 1989; Rogers et a l . , 1998). In 
e d u c a t i o n a l tes t ing , for e x a m p l e , w h e r e ach ievement has t r a d i t i o n a l l y been 
p r e s c r i b e d i n terms of b e h a v i o r a l outcomes , the i m p l i c i t a i m is to p r e d i c t 
c o g n i t i v e processes a n d structures outs ide of the test ing s i t u a t i o n ( N o r r i s , 1983, 
1985). T o be sure , this is the m a i n g o a l of e d u c a t i o n — t o prepare s tudents to 
d e a l e f fec t ive ly w i t h real - l i fe p r o b l e m s w h e t h e r they c o m e i n the f o r m of 
b a l a n c i n g a c h e c k b o o k or e v a l u a t i n g the p l a t f o r m s associated w i t h di f ferent 
p o l i t i c a l part ies . If the g o a l is to m a k e inferences about process a n d p r o d u c t o n 
e v e r y d a y , real - l i fe tasks, then the ques t ion of w h y invest igators e m p l o y f o r m a l 
tasks, w h i c h m a y not measure the c o g n i t i v e processes e l i c i ted i n e v e r y d a y 
tasks, is w o r t h c o n s i d e r i n g . A s m e n t i o n e d above, f o r m a l tasks h a v e c o m e to be 
associated w i t h a s t ronger m e t h o d o l o g y . A s t r o n g m e t h o d o l o g y is espec ia l ly 
i m p o r t a n t i n e d u c a t i o n a l tes t ing w h e r e high-stakes dec is ions about s tudents 
are m a d e f r o m a c h i e v e m e n t results ( H a r t , 1994). 

A l t h o u g h s o m e e m p i r i c a l at tent ion has been d e v o t e d to s t u d y i n g tasks that 
i n c o r p o r a t e real - l i fe p r o b l e m s a n d measure the k i n d s of processes that i n 
d i v i d u a l s use i n e v e r y d a y contexts, a d d i t i o n a l research is r e q u i r e d ( M a g u i r e , 
H a t t i e , & H a i g , 1993; R o y e r et a l . , 1993; W i l e y , 1991). In p a r t i c u l a r , a d d i t i o n a l 
research is n e e d e d (a) to i d e n t i f y the processes s tudents engage w h e n they 
so lve e v e r y d a y p e r f o r m a n c e - b a s e d assessments (Sugrue, 1995) a n d (b) to 
dev ise m e t h o d s b y w h i c h per formance-based assessments can be ef f ic ient ly 
scored . T h i s c a l l is also b e i n g h e e d e d i n the p s y c h o l o g i c a l l i terature (Evans , 
O v e r , & M a n k t e l o w , 1993; G a l o t t i , 1989; G i g e r e n z e r & M u r r a y , 1987). If the 
t r a n s i t i o n f r o m f o r m a l , objective assessment to i n f o r m a l , per formance-based 
assessment is to be m a d e , then it m u s t be d o n e w i t h p r o o f of r i g o r a n d ef f ic ien
cy . T h e goals of this art icle are to descr ibe the d e v e l o p m e n t of t w o per for 
m a n c e - b a s e d , m a t h e m a t i c s i tems that c a n be " o b j e c t i v e l y " scored a n d to 
present the results o b t a i n e d w h e n they w e r e a d m i n i s t e r e d to students i n grades 
9 a n d 10. 

Math Items: Pack the Pop and Attitude and L.A. Scores 
T h e a d m i n i s t r a t i o n of b o t h " P a c k the P o p " a n d " A t t i t u d e a n d L . A . Scores" 
f o l l o w e d a s i m i l a r p r o c e d u r e . T h e t w o per formance-based assessments w e r e 
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d e v e l o p e d so that they w o u l d m a t c h the characterist ics of i n f o r m a l tasks; that 
is , they w e r e d e s i g n e d to (a) be re levant a n d interest ing, (b) require s tudents to 
c o n s i d e r m u l t i p l e p r o b l e m - s o l v i n g approaches (and so lut ions) , a n d (c) i n v o k e 
h i g h e r - l e v e l t h i n k i n g strategies i n s tudents s u c h as p l a n n i n g a n d e v a l u a t i n g . 
K e e p i n g w i t h the g o a l of ef f ic iency, the i tems w e r e d e s i g n e d to be g r o u p - a d 
m i n i s t e r e d . S tudents w e r e r e q u i r e d to read the p r o b l e m a n d then to evaluate 
other s t u d e n t s ' so lu t ions of the p r o b l e m . In this respect, s tudents engaged i n 
e v e r y d a y p r o b l e m - s o l v i n g because they c o n s i d e r e d a n i l l - d e f i n e d p r o b l e m a n d 
m e t a - e v a l u a t e d or e v a l u a t e d h o w others s o l v e d the p r o b l e m . 

Participants 
T h e s tudents w h o p a r t i c i p a t e d i n this s t u d y w e r e e n r o l l e d i n grades 9 a n d 10 at 
a j u n i o r a n d senior h i g h s c h o o l respec t ive ly , located i n E d m o n t o n , A l b e r t a . 
O n e h u n d r e d a n d seventy s tudents p a r t i c i p a t e d , 89 (32 b o y s a n d 57 gir ls) i n 
g r a d e 9, a n d 66 (31 b o y s a n d 35 gir ls) i n grade 10. The i tems w e r e a d m i n i s t e r e d 
i n class as w e l l as i n d i v i d u a l l y . I n p a r t i c u l a r , g r o u p s of 15 to 20 students 
c o m p l e t e d the i tems i n their classes. In te rv iews w e r e c o n d u c t e d w i t h four 
grade 9 s tudents a n d e ight grade 10 s tudents . 1 F o r i n d i v i d u a l i n t e r v i e w s , 
teachers selected s tudents w h o w e r e genera l ly h i g h l y v e r b a l a n d able to t h i n k 
a l o u d as they s o l v e d the i t e m . 

Item 1: Pack the Pop 
P a c k the P o p w a s d e v e l o p e d as f o l l o w s : F irs t , u s i n g a t h i n k - a l o u d p r o t o c o l 
(Er i c sson & S i m o n , 1993), the p r o b l e m w a s a d m i n i s t e r e d i n d i v i d u a l l y to t w o 
s m a l l s a m p l e s of s tudents (n=5; n=6) i n o r d e r to o b t a i n their impress ions , 
p o s s i b l e s o l u t i o n s , a n d a r e c o r d of h o w they o b t a i n e d their so lut ions . Second, 
their responses a n d explanat ions w e r e u s e d to m o d i f y the p r o b l e m a n d c o n 
struct the " s t u d e n t s o l u t i o n s " that w e r e presented to the students i n the present 
s t u d y for e v a l u a t i o n . T h e final s tatement of the p r o b l e m read as f o l l o w s : 

Suppose that you are going to have a party and that you have decided to ride 
your bike to the store to buy some cans of pop. O n the back of your bike is a 
carrier w i t h a box in which you w i l l carry the cans. This box is 32 cm long, 19 cm 
wide , and 27 cm high. It has a flat l i d . Each can of pop is 12.5 cm high, has a 6 cm 
diameter, and has a volume of 355 m L . If the cans are stacked in one direction (all 
vertically or al l horizontally) on top of one another, what is the maximum 
number of cans you can carry in the box? 

T h e p r o b l e m w a s f o l l o w e d b y a n o u t l i n e of the e v a l u a t i o n p r o c e d u r e to be 
u s e d : 

Presented on the next few pages are the steps used by 4 different students as they 
determined the maximum number of pop cans that would fit in the box on the 
back of the bike. Pretend that you are their teacher, and you are marking their 
answers. 

Each answer is divided into three parts: 2 a starting idea, a basic procedure, and an 
answer. After each part, you w i l l be asked to indicate what you think about what 
the student d id using the fol lowing scale. Use the scale this way: If you think that 
the student's starting idea is very good, then you would circle the very good 
option (a number " 5 " on the scale). If you think that the student's starting idea is 
okay, then y o u w o u l d circle the good option (a number "4" on the scale). If you 
think that the student's starting idea is bad, then you w o u l d circle the bad option 
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(a number "2" on the scale). If you think that the student's starting idea is very 
bad, then you w o u l d circle the very bad option (a number " 1 " on the scale). If you 
really do not know whether the student's starting idea is good or bad, then you 
w o u l d circle the don't know option (a number " 3 " on the scale). Use this same 
marking procedure when you mark the student's basic procedure and the 
student's answer as wel l . 

D u r i n g g r o u p as w e l l as i n d i v i d u a l a d m i n i s t r a t i o n s , s tudents w e r e g i v e n as 
m u c h t i m e as they n e e d e d to evaluate the f o u r answers . W i t h i n d i v i d u a l 
i n t e r v i e w s , s tudents w e r e asked to t h i n k a l o u d as they c o m p l e t e d the i t e m . T o 
this e n d , s t a n d a r d probes w e r e u s e d to c lar i fy s tudents ' thoughts s u c h as 
" W h a t d i d y o u m e a n w h e n y o u s a i d . . . ? " " W h a t w e r e y o u d o i n g there?" a n d 
"Is there s o m e t h i n g else y o u w i s h to a d d before w e g o o n to the next s t u d e n t ? " 
(Er icsson & S i m o n , 1993). F i n a l l y , s tudents w e r e not e x p l i c i t l y t r a i n e d to use the 
e v a l u a t i o n scheme prec i se ly because o u r p r i m a r y interest w a s to assess 
s t u d e n t s ' o w n m e t a - e v a l u a t i v e strategies a n d not w h e t h e r they c o u l d be 
t r a i n e d to eva luate a c c o r d i n g to o u r intent ions . 

T h e f irst s o l u t i o n s tudents w e r e a s k e d to evaluate i n v o l v e d s t a c k i n g a l l the 
cans v e r t i c a l l y , w h i c h results i n 30 cans fitting i n s i d e the box . The second 
s o l u t i o n , a l g o r i t h m i c i n nature , i n v o l v e d u s i n g the e q u a t i o n for v o l u m e (i.e., 
v = l w h ) to f i n d the v o l u m e of the box a n d then d i v i d i n g this v a l u e b y the 
v o l u m e of the c a n ; the result is 46 cans. T h e t h i r d s o l u t i o n i n v o l v e d s t a c k i n g a l l 
the cans h o r i z o n t a l l y , w h i c h results i n 24 cans f i t t i n g i n the box . F i n a l l y , the last 
s o l u t i o n i n v o l v e d s t a c k i n g the cans first h o r i z o n t a l l y a n d then ver t i ca l ly to find 
out w h i c h m e t h o d y i e l d s the greater n u m b e r of cans that fit i n s i d e the box . 

Results3 

W e d e c i d e d the " i d e a l " rat ings for the f o u r so lut ions after care fu l c o n s i d e r a t i o n 
of each s o l u t i o n . It w a s d e c i d e d that Solution 1 s h o u l d be rated a 4 or 5 (i.e., 
g o o d or v e r y g o o d ) for its s tar t ing p o i n t because it starts b y s ta t ing the k n o w n 
a n d re levant i n f o r m a t i o n to focus the i m m e d i a t e p r o b l e m . Please note that after 
s o m e c o n s i d e r a t i o n w e d e c i d e d not to dif ferentiate b e t w e e n the scale po in ts 4 
a n d 5 because s tudents a p p e a r e d to h a v e u s e d these rat ings s i m i l a r l y d e p e n d 
i n g o n h o w c o n s e r v a t i v e l y they in terpreted the scale. F o r s i m i l a r reasons, scale 
p o i n t s 1 a n d 2 (i.e., v e r y b a d a n d b a d respect ively) w e r e a lso c o m b i n e d . B o t h 
ra t ings at the t o p or b o t t o m indicate a genera l ly p o s i t i v e or negat ive e v a l u a t i o n 
respect ive ly . C o n t i n u i n g w i t h s o l u t i o n l ' s e v a l u a t i o n , its basic p r o c e d u r e 
s h o u l d be ra ted a 3 (i.e., d o n ' t k n o w ) because i t fai ls to suggest alternate 
p r o c e d u r e s for s t a c k i n g the cans, a n d its f i n a l a n s w e r s h o u l d be rated a 2 or 1 
because it fai ls to m e n t i o n alternate so lut ions to the p r o b l e m (i.e., s t a c k i n g the 
cans i n a d i f fe rent d i rec t ion) . 

Solution 2 s h o u l d be rated a 2 for its s tar t ing p o i n t because the q u e s t i o n asks 
for the m a x i m u m n u m b e r of cans that fit i n the b o x a n d not for h o w m u c h 
l i q u i d s o d a c a n be p o u r e d i n the box ; a 1 or 2 for its basic p r o c e d u r e because the 
response c o n t i n u e s to i g n o r e the p h y s i c a l c o m p o n e n t of the cans; a n d 1 or 2 for 
its f i n a l a n s w e r because the s o l u t i o n cont inues to neglect the p h y s i c a l c o m 
p o n e n t of the cans. S o l u t i o n 3 s h o u l d be rated s i m i l a r l y to s o l u t i o n 1 because it 
is a n a l o g o u s to s o l u t i o n 1 w i t h the except ion that the cans are stacked h o r i z o n 
ta l ly ins tead of v e r t i c a l l y . F i n a l l y , s o l u t i o n 4 s h o u l d be rated a 4 or 5 for its 
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s tar t ing p o i n t because i t states the re levant i n f o r m a t i o n a n d m e n t i o n s at least 
t w o w a y s of s o l v i n g the p r o b l e m ; a 4 o r 5 for its basic p r o c e d u r e because it 
demonstra tes h o w to so lve the p r o b l e m i n at least t w o w a y s ; a n d 4 or 5 for its 
f i n a l a n s w e r because it r e c o m m e n d s the p r o c e d u r e that y i e l d s the m a x i m u m 
n u m b e r of c a n s — s t a c k i n g the cans v e r t i c a l l y . 

Class administration. T h é d i s t r i b u t i o n s of rat ings ass igned b y grade 9 a n d 
g r a d e 10 s tudents to the i t e m P a c k the P o p are s h o w n i n Tables 1 a n d 2 
respec t ive ly . O n l y rat ings of the f i n a l a n s w e r to each s o l u t i o n are s h o w n 
because these ra t ings , m o r e so t h a n rat ings of the s tar t ing p o i n t a n d basic 
p r o c e d u r e , d i s t i n g u i s h e d s tudents at d i f ferent m a t h ach ievement levels 
( termed quartiles i n Tables 1 a n d 2 a n d e x p l a i n e d b e l o w ) . W e be l ieve the rat ings 
of the f i n a l a n s w e r are espec ia l ly i n f o r m a t i v e because this is the p o i n t at w h i c h 
s tudents c a n c o m b i n e p r e v i o u s i n f o r m a t i o n f r o m the s tar t ing p o i n t a n d basic 
p r o c e d u r e together w i t h the f i n a l a n s w e r to rate the o v e r a l l s o l u t i o n . U n l i k e 
f i n a l a n s w e r rat ings , the rat ings p r o v i d e d for the s tar t ing p o i n t a n d basic 
p r o c e d u r e are less i n f o r m a t i v e because s tudents rate these sections before they 
h a v e a l l a v a i l a b l e i n f o r m a t i o n about the s o l u t i o n . W e c o n s i d e r the rat ings 
a s s i g n e d to the f i n a l a n s w e r of each s o l u t i o n to represent the best ava i lab le 
e v i d e n c e of s t u d e n t s ' o v e r a l l i m p r e s s i o n of the s o l u t i o n . 

N o t i c e i n Tables 1 a n d 2 that s tudents are d i v i d e d i n t o quart i les , a n i n d e x of 
m a t h e m a t i c s ach ievement . T h i s i n d e x w a s created u s i n g the m a t h grades , 
expressed as percentages, f r o m the t h i r d ( A p r i l ) report cards . M a t h grades o n 
each class l i s t w e r e d i v i d e d i n t o f o u r categories, a b i d i n g b y clear cut -points 
w h e n e v e r poss ib le . Categor ies w e r e created a n e w i n each class because d i f 
ferent teachers u s e d di f ferent cr i ter ia for a s s i g n i n g grades . 4 T y p i c a l l y , s tudents 
i n the f irst q u a r t i l e rece ived grades b e l o w 40%, s tudents i n the second quar t i le 
a c h i e v e d grades b e t w e e n 41 a n d 59%, s tudents i n the t h i r d quar t i le a c h i e v e d 
grades b e t w e e n 60 a n d 79%, a n d students i n the f o u r t h quar t i le a c h i e v e d 
grades above 80%. A l t h o u g h this i n d e x is f a i r l y coarse, it p r o v i d e s a u s e f u l 
i n d i c a t o r of h o w students at each a c h i e v e m e n t l e v e l e v a l u a t e d each of the four 
s o l u t i o n s . 

Table 1 
Percentage of Grade 9 Students' Assigned Ratings to Pack the Pop's 

Final Answer by Quartile 

G* 
Quartile f 

D B X e G 
Quartile 2 

D B X G 
Quartile 3 
D B X G 

Quartile 4 
D B X 

Solution 1 47 21 32 3.2 55 18 27 3.4 61 18 18 3.6 82 9 9 4.0 
Solution 2 58 21 21 3.6 73 18 9 4.0 54 0 46 3.0 27 9 64 2.5 
Solution 3 37 21 42 2.8 55 18 27 3.2 32 21 46 2.8 41 14 45 2.9 
Solution 4 37 32 26 3.2 77 14 9 4.1 71 18 11 4.0 86 5 9 4.1 

Note. Percentages may not add to 100 either due to rounding or missing cases; standard 
deviations for average scale ratings center around 1.0, with a range of .6-1.4. 
aQuartile 1, n=19; Quartile 2, n=22, Quartile 3, n=28, and Quartile 4, n=22. 
bScale ratings where G=very good/good, D=don't know, and B=very bad/bad. 
cAverage scale rating of final answer by quartile. 
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Table 2 
Percentage of Grade 10 Students' Assigned Ratings to Pack the Pop's 

Final Answer by Quartile 

Quartile f Quartile 2 Quartile 3 Quartile 4 
Gf D B X e G D B X G D B X G D B X 

Solution 1 75 13 13 3.9 74 11 16 3.7 76 6 18 3.8 83 0 8 4.2 
Solution 2 19 6 75 2.3 32 26 42 3.1 41 24 35 3.1 0 50 50 2.3 
Solution 3 25 19 56 2.6 42 26 26 3.1 47 29 24 3.3 58 33 8 3.4 
Solution 4 75 6 19 4.0 79 5 11 4.2 82 12 6 4.2 92 0 8 4.2 

Note. Percentages may not add to 100 either due to rounding or missing cases; standard 
deviations for average scale ratings center around 1.0, with a range of .5-1.4. 
aQuartile 1, n=16; Quartile 2, n=19, Quartile 3, n=17, and Quartile 4, n=12. 
bScale ratings where G=very good/good, D=don't know, and B=very bad/bad. 
°Average scale rating of final answer by quartile. 

T h e K r u s k a l - W a l l i s test w a s u s e d to e x a m i n e h o w students at di f ferent 
quar t i les ra ted the f i n a l a n s w e r s of each s o l u t i o n . T h i s test w a s u s e d because w e 
w i s h e d to be c o n s e r v a t i v e about the a s s u m p t i o n s w e m a d e about the data . 
Because responses to this i t e m h a v e not been p r e v i o u s l y col lected, w e were 
u n j u s t i f i e d i n a s s u m i n g a n o r m a l d i s t r i b u t i o n of rat ings a n d i n a s s u m i n g 
k n o w l e d g e of associated p o p u l a t i o n parameters ( M a r a s c u i l o & S e r l i n , 1988). 
U s i n g the K r u s k a l - W a l l i s test, w e f o u n d a s ign i f i cant m a i n effect of grade for 
rat ings of s o l u t i o n 2's f i n a l a n s w e r (1/=3663.5, df=l, p=.0288). In p a r t i c u l a r , 
s tudents i n g r a d e 9 rated s o l u t i o n 2's f i n a l a n s w e r m o r e h i g h l y t h a n d i d 
s tudents i n g r a d e 10. F i f ty- three percent of grade 9 s tudents rated s o l u t i o n 2's 
f i n a l a n s w e r as very good or good, w h e r e a s at grade 10 o n l y 23% of s tudents rated 
this s o l u t i o n s i m i l a r l y . W e also f o u n d a s ign i f i cant m a i n effect of quar t i le for 
rat ings of s o l u t i o n l ' s a n d s o l u t i o n 2's f i n a l answers ( so lut ion 1: H=7.8276, df=3, 
p=.0497; s o l u t i o n 2: H=12.9087, df=3, p=.0048). Spec i f i ca l ly , s tudents at quart i les 
3 a n d 4 rated s o l u t i o n l ' s f ina l a n s w e r m o r e h i g h l y t h a n d i d students i n 
quart i les 1 a n d 2. Seventy-s ix percent of s tudents at quart i les 3 a n d 4 rated 
s o l u t i o n l ' s f i n a l a n s w e r as very good or good, whereas o n l y 63% of students at 
quart i les 1 a n d 2 d i d the same. In a d d i t i o n , s tudents at quart i les 1,2, a n d 3 rated 
s o l u t i o n 2's f i n a l a n s w e r m o r e h i g h l y t h a n d i d s tudents at quar t i le 4. R e c a l l that 
s o l u t i o n 2 is c o n s i d e r e d to h o l d the poores t a n s w e r to the p r o b l e m because it 
fai ls to take i n t o c o n s i d e r a t i o n the p h y s i c a l propert ies of the cans. For ty -s ix 
percent of s tudents at quart i les 1,2, a n d 3 rated s o l u t i o n 2's f i n a l a n s w e r as very 
good or good, w h e r e a s o n l y 14% of s tudents at quar t i le 4 d i d the same. 

W e also l o o k e d at s i m p l e effects b y tes t ing w h e t h e r there w e r e a n y d i f f e r e n 
ces i n ra t ings i n speci f ic grades a n d speci f ic quart i les . F o r e x a m p l e , i n grade 9 
w e f o u n d s ign i f i cant s i m p l e effects of q u a r t i l e for rat ings of so lut ions 2 a n d 4. 
G r a d e 9 s tudents at quart i les 1, 2, a n d 3 ra ted s o l u t i o n 2's f i n a l a n s w e r m o r e 
h i g h l y t h a n d i d s tudents at q u a r t i l e 4 (H=14.2119, df=3, p=.0026). I n contrast , 
grade 9 s tudents at quar t i les 2, 3, a n d 4 ra ted s o l u t i o n 4's f i n a l a n s w e r m o r e 
h i g h l y t h a n d i d s tudents at the l o w e s t quar t i l e (H=10.2054, d/=3, p=.0169). 
Seventy-e ight percent of s tudents at quar t i l es 2 , 3 , a n d 4 rated s o l u t i o n 4's f i n a l 
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a n s w e r as very good or good, whereas o n l y 37% of students at quar t i l e 1 d i d the 
same. W e d i d not f i n d a n y s igni f icant s i m p l e effects i n grade 10. 

W e also l o o k e d at differences i n rat ings i n specif ic quart i les . F o r e x a m p l e , i n 
q u a r t i l e 1 w e f o u n d s igni f i cant s i m p l e effects of grade for rat ings of so lu t ions 2 
a n d 4. F o r s o l u t i o n 2's f i n a l answer , grade 9 s tudents rated this final a n s w e r 
m o r e h i g h l y t h a n d i d grade*10 s tudents (17=243.5000, df=l, p=.0018). F i f ty -e ight 
percent of g r a d e 9 s tudents at quar t i l e 1 rated s o l u t i o n 2's f i n a l a n s w e r as very 
good or good, whereas o n l y 19% of grade 10 students at quar t i l e 1 rated i t as 
s u c h . C o n v e r s e l y , grade 10 students rated s o l u t i o n 4's final a n s w e r m o r e h i g h l y 
t h a n d i d g r a d e 9 s tudents (17=84.5000, df=l, p=.0342). Seventy- f ive percent of 
g r a d e 10 s tudents at quar t i l e 1 rated s o l u t i o n 4's final a n s w e r as very good or 
good, w h e r e a s o n l y 37% of grade 9 s tudents d i d the same. I n quar t i le 2 w e 
f o u n d s ign i f i cant s i m p l e effects of grade for rat ings of s o l u t i o n 2's f i n a l a n s w e r . 
G r a d e 9 s tudents rated s o l u t i o n 2's f i n a l a n s w e r m o r e h i g h l y t h a n d i d s tudents 
i n g r a d e 10 (17=298.0000, df=l, p=.0164). Seventy-three percent of grade 9 s t u 
dents at q u a r t i l e 2 rated s o l u t i o n 2's f i n a l a n s w e r as very good or good, whereas 
o n l y 3 2 % of g r a d e 10 s tudents rated it the same. W e d i d not f i n d a n y s igni f i cant 
s i m p l e effects i n quart i les 3 a n d 4. 

In s u m , w e see that s tudents i n grade 10 are m o r e cr i t i ca l of the q u a l i t y of 
s o l u t i o n 2's final a n s w e r t h a n are s tudents i n grade 9. In a d d i t i o n , s tudents at 
h i g h e r quart i les tend to be m o r e cr i t ica l of s o l u t i o n 2's f i n a l a n s w e r than are 
s tudents at l o w e r quart i les , b u t m o r e apprec ia t ive of s o l u t i o n 4's answer . W e 
c o n s i d e r these results m o r e c lose ly i n the D i s c u s s i o n sect ion. 

Individual administration. A l t h o u g h Tables 1 a n d 2 i l lustrate the rat ings as
s i g n e d to the final answers of each s o l u t i o n , these rat ings d o n o t i l lustrate the 
reasons for s tudents r a t i n g the answers as they d i d . F o r this reason, P a c k the 
P o p w a s a d m i n i s t e r e d i n d i v i d u a l l y to s tudents so as to obta in the i r thoughts 
a b o u t p a r t i c u l a r so lu t ions a n d rat ings. 

A t the outset i t is i m p o r t a n t to i d e n t i f y t w o characteristics that invest igators 
of p r o b l e m - s o l v i n g h a v e i d e n t i f i e d as i m p o r t a n t to sophis t i ca ted , f o r m a l 
r e a s o n i n g . These characterist ics i n c l u d e a n a p p r e c i a t i o n of the m u l t i d i m e n -
s i o n a l i t y of the p r o b l e m a n d the select ion of re levant i n f o r m a t i o n ( D o w n i n g , 
S ternberg , & Ross , 1985; E v a n s , 1989; E v a n s et a l . , 1993; J o h n s o n - L a i r d & B y r n e , 
1991; P o l l a r d , 1990). T h e first of these i n v o l v e s a n a p p r e c i a t i o n of poss ib le 
a l ternat ive approaches to s o l v i n g the task; that i s , the a c k n o w l e d g m e n t that a 
s ingle s o l u t i o n m a y n o t f u l l y so lve the p r o b l e m a n d that others m a y exist. T h e 
second characterist ic i n v o l v e s the a b i l i t y to focus o n relevant p r o b l e m i n f o r m a 
t i o n w i t h i n a n d o u t s i d e of the task i n o r d e r to reach a s o l u t i o n . B o t h these 
characterist ics w e r e o b s e r v e d i n o u r i n t e r v i e w s . F o r e x a m p l e , B . K . , a grade 9 
s tudent at q u a r t i l e 3, stated the f o l l o w i n g w h e n asked w h y s o l u t i o n 1 w a s rated 
h ighest : 

because it was really clear ... everything was simple and you didn' t have to 
remember lots of things you know. (1998) 

A n o t h e r g r a d e 9 s tudent , V . l . , at quar t i l e 4, w h o l i k e d s o l u t i o n 4 m o r e t h a n a n y 
other s o l u t i o n s a i d the f o l l o w i n g i n s u p p o r t : 

I think is probably the best method because he determined the answer to the 
question. Like the question was what's the maximum number of cans you can fit 
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in the box and he determined that it was 30. The others just came up with one 
step ... they didn't determine ... if like for this one [solution 3] he determined that 
24 could fit into the box but he didn't determine that 30 could. He didn't do it 
vertically he d id it horizontally. He didn't come up with two ways like this 
student d i d [solution 4] and I have to give this one [solution 4] the best. (1998) 

R e f l e c t i n g b a c k o n the p r e v i o u s so lu t ions V . l . s a i d the f o l l o w i n g : 

The others [solutions 1, 2, and 3] deserve lower marks because they d i d n ' t . . . al l 
of them .. . they didn't determine ... like the last one [solution 4] determined both 
to see the m a x i m u m number of cans that could fit into the box ... but the others 
just came up w i t h one solution but they don't know if that's the maximum 
number because they didn't figure out how many could fit vertically and how 
many could fit horizontally. Each of them [solutions 1,2, and 3] came up w i t h the 
right answers they just didn' t answer the question completely. (1998) 

A . C . , a g r a d e 10 s tudent at quar t i le 3, gave the f o l l o w i n g reason for t h i n k i n g 
s o l u t i o n 4 to be the best, 

Because he chose to do it two different methods. Like student 1 only d id it one 
way and the other student did another way ... they al l d id one way and this 
student d id it two ways which showed different perspectives of thinking of how 
it could go in and he is trying to find the best that he can do. (1998) 

In p a r t i c u l a r , A . C . c o m m e n t e d the f o l l o w i n g w h e n e v a l u a t i n g s o l u t i o n 2: 

I think this one is wrong ... it could be wrong or r i g h t . . . his answer is so much 
different compared to the other guy [solution 1] and I l iked the logic of the other 
guy. (1998) 

O n l y one g r a d e 10 s tudent , C . B . , t a k i n g a n a d v a n c e d m a t h c u r r i c u l u m (grade 
11 math) p o i n t e d out w h y s o l u t i o n 2 w a s incorrect : 

She is f inding the volume of the box but the thing is that they wanted stacked a 
certain way ... she has to f ind the length and stuff of the cans before she can find 
out how many can fit in because the volume might be a little bit more like 30.5 ... 
and that is not what they are asking ... This doesn't seem r i g h t . . . she is finding 
how much pop it can hold and not the actual cans. The answer is wrong. 
Forty-six cans in the box? Of course there are going to be extra spaces because the 
cans aren't going to fit perfectly into the box. (1998) 

In genera l , o v e r 85% of the grade 9 a n d 10 students i n t e r v i e w e d rated 
s o l u t i o n 4 h i g h l y a n d m e n t i o n e d the sens ib i l i ty of a t t e m p t i n g at least t w o 
approaches w h e n s o l v i n g the p r o b l e m ; that is , they t h o u g h t about the m u l t i -
d i m e n s i o n a l i t y of the p r o b l e m space. A l s o , they focused o n relevant i n f o r m a 
t i o n m o r e t h a n o n i r re levant i n f o r m a t i o n b y c o n s i d e r i n g the i m p o r t a n c e of 
a t t e m p t i n g m u l t i p l e approaches . M a n y of these s tudents w e r e at quart i les 3 
a n d 4. Interes t ingly , some grade 9 students , b u t not grade 10 students , a lso 
ra ted s o l u t i o n 2 h i g h l y e v e n t h o u g h m a n y m e n t i o n e d that they w e r e u n s u r e 
a b o u t its p r o c e d u r e . T h u s a p o i n t to cons ider is that grade 9 students m a y not 
be as s o p h i s t i c a t e d as g r a d e 10 students i n m a t c h i n g their rat ings to their 
t h o u g h t s a b o u t a m a t h e m a t i c a l p r o c e d u r e u n d e r cons idera t ion . 

Item 2: Attitude and L.A. Scores 
A t t i t u d e a n d L . A . Scores w a s d e v e l o p e d i n the same f a s h i o n as P a c k the P o p . 
A s w i t h P a c k the P o p , i t e m 2 requires s tudents to evaluate other s tudents ' 
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s o l u t i o n s , w h i c h w e r e d o c u m e n t e d d u r i n g the i n i t i a l c o n s t r u c t i o n phases to the 
f o l l o w i n g m a t h e m a t i c a l p r o b l e m . 

M r . Smith, a Language Arts teacher, keeps telling his students about the impor
tance of having a good attitude: Students w i t h a positive attitude toward Lan
guage Arts w i l l do better in Language Arts than students wi th a negative 
attitude. N o w , he wants to show his students what the relationship between 
attitude and grades is, and how students' attitude scores can be used to predict 
grades. 

(a) First, M r . Smith gives an attitude survey to his 30 grade 9 students. The 
attitude survey scores range from 0 to 100 points. A score near 0 means that the 
student has a very negative attitude toward Language Arts, and a score near 100 
means that the student has a very positive attitude toward Language Arts. 

(b) One week later, M r . Smith gives a Language Arts test. The Language Arts test 
scores range from 0 to 100 points as wel l . A score near 0 means that a student 
performed very poorly on the L. A . test, and a score near 100 means that a student 
performed extremely wel l on the L . A . test. 

(c) Then M r . Smith draws the following graph where each dot corresponds to 
one student. Please examine the graph (see Figure 1) below: 

A f t e r s tudents r e a d the p r o b l e m , they w e r e presented w i t h the f o l l o w i n g task: 

T w o questions about the information provided on the first page (i.e., math 
problem and graph) are presented on the fol lowing pages. D O N O T answer 
these questions yourself. Your task is to evaluate the responses of 6 students, 
much as a teacher w o u l d , to the two questions. The students' responses to each 
question are presented in steps. Each student's response is divided into three 
parts: 

(a) A starting point or a basic idea; 
(b) A procedure to find an answer; and 
(c) Final comment(s). 

0 10 20 30 40 50 60 70 80 90 100 
Attitude Scores 

Figure 1. Item 2 scatter plot (with best fit line) showing the relationship between Attitude 
toward L.A. Scores (i.e., Y-axis) and actual L.A. Scores (i.e., X-axis). 
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Question 1: John is a student in M r . Smith's Language Arts class. He completed 
the attitude survey and he scored 55 on it, but he d id N O T write the Language 
Arts test w i t h the rest of the class because he was skipping class the day of the 
test. M r . Smith needs to give everyone a score on the L A . test. M r . Smith asks you 
for help. What score do you think John w o u l d have obtained on the L A . test, 
given that John scored 55 on the attitude survey? 

T h e s e c o n d q u e s t i o n w a s i d e n t i c a l to the first except that n o w a s tudent n a m e d 
S u s a n m i s s e d the L . A . test because she h a d a doctor ' s a p p o i n t m e n t . 

S tudents w e r e i n s t r u c t e d to evaluate the s ix so lu t ions u s i n g the same scale 
a n d p r o c e d u r e u s e d w i t h P a c k the P o p . A f t e r s tudents r e a d these ins t ruc t ions , 
they w e r e g i v e n as m u c h t i m e as they n e e d e d to evaluate the six so lu t ions to the 
t w o quest ions . T h e f irst s o l u t i o n i n v o l v e d f i n d i n g John's at t i tude score o n the 
scatter p l o t a n d d e c i d i n g , f r o m the three dots located at a n at t i tude score of 55, 
the one that c o r r e s p o n d e d to h i s L . A . score. The second s o l u t i o n i n v o l v e d u s i n g 
the line of best fit to p r e d i c t John's L . A . score. T h e t h i r d s o l u t i o n i n v o l v e d t a k i n g 
a n average of the three dots located at a n att i tude score of 55 a n d u s i n g this n e w 
average v a l u e to p r e d i c t John's L . A . score. The f o u r t h s o l u t i o n i n v o l v e d u s i n g 
the genera l r e l a t i o n s h i p b e t w e e n at t i tude a n d L . A . scores to p r e d i c t John's L A . 
score. T h e f i f t h s o l u t i o n i n v o l v e d u s i n g a n e m o t i o n a l / p s y c h o l o g i c a l a r g u m e n t 
to p r e d i c t John 's L . A . score. F i n a l l y , the s i x t h s o l u t i o n i n v o l v e d u s i n g the 
genera l r e l a t i o n s h i p b e t w e e n at t i tude a n d L . A . scores c o u p l e d w i t h the obser
v a t i o n that L . A . scores t e n d to be about 15 po in ts h i g h e r t h a n their c o r r e s p o n d 
i n g a t t i tude s u r v e y scores to p r e d i c t John's score. T h e content of the s ix 
s o l u t i o n s to q u e s t i o n 2 f o l l o w e d the same pat tern . In a d d i t i o n , the students 
w h o w e r e i n t e r v i e w e d i n d i v i d u a l l y c o m p l e t e d the i t em b u t w e r e asked to t h i n k 
a l o u d as they e v a l u a t e d each of the s ix so lu t ions . 

Results 
A f t e r c a r e f u l c o n s i d e r a t i o n of the so lut ions to i t e m 2, w e d e c i d e d that the best 
r a t i n g of s o l u t i o n s w e r e as f o l l o w s : The s tar t ing p o i n t of s o l u t i o n 1 s h o u l d be 
ra ted a 4 / 5 because i t states the correct p r e l i m i n a r y i n f o r m a t i o n , a 1/2 for its 
basic p r o c e d u r e because John's score is not represented o n the g r a p h as the 
s o l u t i o n c l a i m s i t is (John d i d not take the L . A . test, so he does not h a v e a 
c o o r d i n a t e p a i r o n the g r a p h ) , a n d a 1 /2 for its f i n a l a n s w e r because it is based 
o n incorrec t i n f o r m a t i o n . T h e s tar t ing p o i n t , basic p r o c e d u r e , a n d f i n a l a n s w e r 
of s o l u t i o n 2 s h o u l d be rated a 4 / 5 , 4 / 5 , a n d 4 / 5 respect ive ly , because the best 
fit l i n e is u s e d to p r e d i c t John's score; s o l u t i o n 2 is c o n s i d e r e d to be the best 
response to the p r o b l e m . T h e s tar t ing p o i n t , basic p r o c e d u r e , a n d f i n a l a n s w e r 
of s o l u t i o n 3 s h o u l d be rated a 4 / 5 , 4 / 5 , a n d 1 /2 respect ive ly , because John's 
score s h o u l d not be c h o s e n f r o m a n y p r e e x i s t i n g dots o n the scatter p l o t as he is 
not represented b y a d o t o n the scatter p lo t . The s tar t ing p o i n t , basic p r o c e d u r e , 
a n d f i n a l a n s w e r of s o l u t i o n 4 s h o u l d be rated a 4 / 5 , 4 / 5 , a n d 1 / 2 / 3 respect ive
l y , because a l t h o u g h this response correct ly m e n t i o n s the re la t ionsh ip b e t w e e n 
a t t i tude scores a n d L . A . scores, i t fai ls to use the best fit l ine to p r e d i c t John's 
L . A . score. T h e s tar t ing p o i n t , basic p r o c e d u r e , a n d f i n a l a n s w e r of s o l u t i o n 5 
s h o u l d be r a t e d a 1 / 2 , 1 / 2 , a n d 1/2 respect ive ly , because this s o l u t i o n does not 
use a n y of the i n f o r m a t i o n presented i n the scatter p l o t to p r e d i c t John's score, 
b u t in s tea d p r e d i c t s John 's score based o n h is tendencies to s k i p class. F i n a l l y , 
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Table 3 
Percentage of Grade 9 Students' Assigned Ratings to the Final Answer of 

Both Question 1 and 2 of Attitude and Homework 

Question 1 
Quartile f * Quartile 2 Quartile 3 Quartile 4 

G" D B 5? G D B X G D e X G D e X 

Solution 1 53 16 32 3.3 36 36 27 3.1 46 7 46 2.9 26 13 61 2.7 
Solution 2 53 21 26 3.3 77 5 18 3.8 71 14 14 3.7 91 0 9 4.2 
Solution 3 74 21 5 3.8 45 23 32 3.3 50 11 39 3.3 57 13 30 3.4 
Solution 4 79 16 5 3.8 45 32 23 3.3 68 14 18 3.6 78 8 13 3.8 
Solution 5 42 16 42 3.1 36 27 36 3.0 29 18 54 2.8 43 9 48 2.8 
Solution 6 63 16 21 3.4 50 18 32 3.2 54 18 29 3.3 35 22 43 2.9 

G" 
Quartile f 

D B 5? G 

Question 2 
Quartile 2 

D B x G 
QuartileS 
D B X G 

Quartile 4 
D B X 

Solution 1 53 26 21 3.4 48 5 48 2.8 54 11 36 3.1 39 26 35 3.1 
Solution 2 58 21 21 3.4 62 14 24 3.6 61 11 29 3.4 87 9 4 4.0 
Solution 3 53 16 32 3.2 62 19 19 3.4 63 19 19 3.6 52 26 22 3.4 
Solution 4 42 32 26 3.2 38 29 33 3.0 32 11 57 2.7 35 17 48 2.7 
Solution 5 68 16 16 3.6 38 14 48 2.9 25 25 50 2.7 26 30 43 2.6 
Solution 6 26 21 53 2.7 30 30 40 2.9 18 29 54 2.6 9 18 73 2.1 

Note. Percentages may not add to 100 either due to rounding or missing cases; standard 
deviations for average scale ratings center around 1.0, with a range of .7 -1.4. 
aQuartile 1, n=19; Quartile 2, n=22, Quartile 3, n=28, and Quartile 4, n=23. 
"Scale ratings where G=very good/good, D=don't know, and B=very bad/bad. 
cAverage scale rating of final answer by quartile. 

the s ta r t ing p o i n t , basic p r o c e d u r e , a n d f i n a l a n s w e r of s o l u t i o n 6 s h o u l d be 
ra ted 4 / 5 , 3 , a n d 1 / 2 / 3 because a l t h o u g h this response notes the r e l a t i o n s h i p 
b e t w e e n a t t i tude a n d L . A . scores, i t uses a n i d i o s y n c r a t i c a l g o r i t h m w h e r e a 
constant is a d d e d to i n d i v i d u a l at t i tude scores to p r e d i c t c o r r e s p o n d i n g L . A . 
scores. T h e same pat tern of rat ings f o l l o w for q u e s t i o n 2 of this i t e m . 

CZflss administration. A s w i t h P a c k the P o p , Tables 3 a n d 4 s h o w s tudents ' 
rat ings of f i n a l a n s w e r s . A s i n P a c k the P o p ' s analys is , s tudents w e r e d i v i d e d 
in to f o u r quar t i les , i n d e x i n g mathemat i cs achievement . 

W e a g a i n u s e d the K r u s k a l - W a l l i s test to e x a m i n e differences i n rat ings . F o r 
q u e s t i o n 1 w e d i d not f i n d a s igni f i cant m a i n effect of grade , b u t there w a s a 
s ign i f i cant m a i n effect of quar t i le for rat ings of s o l u t i o n 2's f i n a l a n s w e r 
(H=7.951, df=l, p=.047). In p a r t i c u l a r , s tudents at quar t i le 4 rated s o l u t i o n 2's 
f i n a l a n s w e r m o r e h i g h l y t h a n d i d s tudents at quart i les 1,2, a n d 3. N i n e t y - t w o 
percent of s tudents at quar t i le 4 ra ted this f i n a l a n s w e r as very good or good, 
w h e r e a s o n l y 73% of s tudents at quar t i les 1, 2, a n d 3 rated i t s i m i l a r l y . R e c a l l 
that w e c o n s i d e r e d s o l u t i o n 2 to be the best response to ques t ion 1 because it 
i n v o l v e s u s i n g the best f i t l ine to p r e d i c t John 's L . A . score. F i n a l l y , w e d i d not 
f i n d a n y s ign i f i cant s i m p l e effects i n grade 9 or 10, b u t d i d f i n d s igni f i cant 
s i m p l e effects i n quar t i l e 2. In p a r t i c u l a r , i n quar t i l e 2, s tudents i n grade 10 
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Table 4 
Percentage of Grade 10 Students' Assigned Ratings to the Final Answer of 

Both Question 1 and 2 of Attitude and Homework 

Question 1 
Quartile f Quartile 2 Quartile 3 Quartile 4 

G6 D 6 Xe G 0 S X G D S X G D S X 

Solution 1 29 24 47 2.8 32 21 47 2.7 50 6 44 2.9 27 0 73 2.5 
Solution 2 76 6 18 3.8 79 21 0 4.1 81 6 13 3.9 93 7 0 4.3 
Solution 3 59 18 24 3.4 63 26 11 3.6 69 13 19 3.6 60 20 20 3.7 
Solution 4 71 18 12 3.7 89 5 5 4.0 56 13 31 3.4 80 13 7 4.0 
Solution 5 41 24 35 3.1 26 32 42 2.7 50 13 38 3.1 33 20 47 2.7 
Solution 6 59 6 29 3.4 37 21 42 30 44 13 44 3.1 27 27 47 2.9 

G 0 

Quartile f 
D B Xe G 

Question 2 
Quartile 2 

D B X G 
Quartile 3 
D B X G 

Quartile 4 
D B X 

Solution 1 50 19 31 3.3 47 11 42 2.9 67 7 27 3.3 43 14 43 2.9 
Solution 2 69 23 8 3.6 68 11 21 3.7 73 7 20 3.7 86 7 7 4.0 
Solution 3 50 29 21 3.4 58 32 11 3.6 67 27 7 3.6 50 36 14 3.7 
Solution 4 50 21 29 3.7 37 26 37 4.0 47 20 33 3.4 29 14 57 4.0 
Solution 5 23 31 46 2.8 26 16 58 2.6 47 20 33 3.2 7 43 50 2.6 
Solution 6 36 7 57 2.7 26 21 53 2.5 40 20 40 2.9 21 14 64 2.4 

Note. Percentages may not add to 100 either due to rounding or missing cases; standard 
deviations for average scale ratings center around 1.0, with a range of .4-1.4. 
aQuartile 1, n=16; Quartile 2, n=ig, Quartile 3, n=16, and Quartile 4, n=15. 
bScale ratings where G=very good/good, D=don't know, and B=very bad/bad. 
°Average scale rating of final answer by quartile. 

rated s o l u t i o n 4's f i n a l a n s w e r m o r e h i g h l y t h a n s tudents i n grade 9 (1/=124.5, 
df=3, p-.01á). E i g h t y - n i n e percent of grade 10 students rated this f i n a l a n s w e r 
as very good o r good, whereas o n l y 45% of grade 9 s tudents rated i t s i m i l a r l y . 
R e c a l l that s o l u t i o n 4 uses the r e l a t i o n s h i p b e t w e e n at t i tude scores a n d L . A . 
m a r k s to p r e d i c t John's score, b u t not the best fit l ine . N o fur ther s igni f i cant 
s i m p l e effects w e r e f o u n d . 

F o r q u e s t i o n 2, w e a g a i n d i d not find a s igni f i cant m a i n effect of grade . W e 
d i d , h o w e v e r , f i n d a s ign i f i cant m a i n effect of quar t i le for rat ings of s o l u t i o n 2's 
f i n a l a n s w e r (H=8.854, df=3, p=.031). In par t i cu lar , s tudents at quar t i l e 4 t e n d e d 
to rate s o l u t i o n 2's f i n a l a n s w e r m o r e h i g h l y than d i d s tudents at quart i les 1,2, 
a n d 3. E i g h t y - s e v e n percent of s tudents at quar t i le 4 rated s o l u t i o n 2's f i n a l 
a n s w e r as very good o r good, whereas 65% of s tudents at quart i les 1,2, a n d 3 d i d 
the same. W e also f o u n d s igni f i cant s i m p l e effects. I n par t i cu lar , i n grade 9, 
s tudents at q u a r t i l e 1 rated s o l u t i o n 5's f i n a l a n s w e r m o r e h i g h l y t h a n d i d 
s tudents at h i g h e r quart i les (H=10.365, df=3, p=.016). S ix ty-e ight percent of 
s tudents at q u a r t i l e 1 ra ted this s o l u t i o n as very good or good, whereas r o u g h l y 
30% of s tudents at quar t i les 2, 3, a n d 4 d i d the same. R e c a l l that s o l u t i o n 5 
i n v o l v e s u s i n g John 's t endency to s k i p class to p r e d i c t h i s L . A . score. A l s o i n 
g r a d e 9, s tudents at quar t i les 1 a n d 2 rated s o l u t i o n 6's final a n s w e r m o r e 
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h i g h l y t h a n d i d s tudents at quart i les 3 a n d 4 (H=8.184, df-3, p=.042). T w e n t y -
e ight percent of s tudents at quart i les 1 a n d 2 rated s o l u t i o n 6's f i n a l a n s w e r as 
very good or good, whereas r o u g h l y 14% of s tudents at quart i les 3 a n d 4 d i d the 
same . R e c a l l that s o l u t i o n 6 i n v o l v e s u s i n g a n i d i o s y n c r a t i c a l g o r i t h m to 
p r e d i c t John 's L . A . score. There w e r e n o s i m p l e effects i n grade 10. F i n a l l y , i n 
quartale 1, s tudents i n grade 9 rated s o l u t i o n 5's final a n s w e r m o r e h i g h l y than 
d i d s tudents i n grade 10 (17=184.0, df=l, p=.015). N o other s ign i f i cant s i m p l e 
effects w e r e f o u n d . 

Individual administration. A s w i t h i t e m 1, i t e m 2 w a s i n d i v i d u a l l y a d 
m i n i s t e r e d to s tudents so that their thoughts a n d s o l u t i o n steps c o u l d be 
r e c o r d e d . A n u m b e r of in teres t ing observat ions w e r e m a d e . F i rs t , as w i t h i t e m 
1, s o m e s tudents focused a n d u s e d i r re levant i n f o r m a t i o n i n their e v a l u a t i o n of 
s o l u t i o n s . F o r instance, s o m e s tudents m e n t i o n e d p s y c h o l o g i c a l factors or 
John 's (Susan's) character i n their assessment of s o l u t i o n s . I n spite of this 
t endency , m a n y w e r e not s ide t racked f r o m f o c u s i n g o n other, m o r e re levant 
var iab les . F o c u s i n g o n re levant var iab les , h o w e v e r , d i d not a l w a y s guarantee 
c h o o s i n g the best s o l u t i o n i f the var iables w e r e not c o n s i d e r e d t h o r o u g h l y . F o r 
e x a m p l e , E .R . , a g r a d e 10 s tudent at quartale 3 correct ly f o c u s e d o n s o l u t i o n 2's 
use of the best fit l ine , b u t e n d e d u p r a t i n g the basic p r o c e d u r e as don't know 
despi te p r o m p t s to de ta i l the reasons for the ra t ing . 

W i t h the average line he is probably going to be near it and the others ... but I 
am not too sure about this one. (1998) 

E .R . t h e n w e n t o n to rate s o l u t i o n 2's f i n a l a n s w e r as good because: 

If that's the average for that [L.A. score] then he probably got around there. 
(1998) 

H o w e v e r , E .R . d i d not e n d u p select ing s o l u t i o n 2 as the best s o l u t i o n to 
q u e s t i o n 1, b u t ins tead selected so lut ions 4 a n d 6 for the f o l l o w i n g reasons: 

They [solutions 4 and 6] are actually using the facts and the relationships, they 
are not just using presumptions or what other people ... they do not presume 
things like John didn't study for the test because he skips class ... they are using 
the facts given. (1998) 

A n o t h e r g r a d e 10 s tudent , J .O. , at quartale 4 gave a p s y c h o l o g i c a l a n d a mathe
m a t i c a l reason for r a t i n g s o l u t i o n 2's s tar t ing p o i n t h i g h l y : 

Everything this student put here was accurate and that he won't be on the graph 
because he didn't actually write the test but he d id do the attitude survey ... and 
also because he was skipping the class it also says more about his attitude toward 
the class. (1998) 

J .O. w e n t o n to rate the f i n a l a n s w e r of s o l u t i o n 2 as completely right for the 
f o l l o w i n g reasons: 

Because he didn't write the test you can't be sure ... John could be a very bright 
student w i t h just a bad attitude toward class, but there is no way to know so the 
best thing you can do is just use the average line. (1998) 

A l t h o u g h J .O . accepted c o m m e n t s about John's potent ia l d i s l i k e of L . A . , i t d i d 
n o t appear to in f luence the rat ings ass igned to the solut ions . F o r example , 
w h e n r a t i n g s o l u t i o n 5's s tar t ing po int , J .O . a c k n o w l e d g e d that John c o u l d be 
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a n average s tudent , b u t d i s a g r e e d w i t h u s i n g this i n f o r m a t i o n as the basis for a 
s o l u t i o n . J .O . p r o v i d e s the f o l l o w i n g reasons: 

Because he d i d skip the class it indicates something ... but I don't really agree 
that because he [John] got 55 it means he's an average student . . . the test could 
have been extremely easy depending on what the average of the class was ... in 
fact, it could have been really high or really low ... so I think there needs to be 
more information given to determine if he is an average student. (1998) 

J .O. f i n a l l y selected s o l u t i o n 2 as the best response to q u e s t i o n 1 p r o v i d i n g the 
f o l l o w i n g reasons for the select ion: 

Everything they seem to do is accurate ... they don't jump to any assumptions. 
Y o u have to assume a little bit b u t . . . based on what John d id do which was the 
attitude survey and you have to assume the graph was plotted correctly and that 
the best fit line was drawn right. The only thing you really could do is f ind out 
what the average student who got 55 on the attitude test would score and the 
only way to do that is look at the best fit line. A n d everything that they d id led up 
to doing that. (1998) 

A n o t h e r g r a d e 10 s tudent , L . B . , at quar t i le 3 p r o v i d e d one of the most 
c o m p l e t e reasons for se lect ing s o l u t i o n 2 as the best s o l u t i o n to ques t ion 1 b y 
c o n t r a s t i n g it w i t h s o l u t i o n 5: 

It's precise ... it uses the graph as evidence, it doesn't generalize whereas a lot of 
the other students [solutions] have sort of swayed from the question ... they have 
generalized and they haven't been precise enough in the steps. A n d that one 
person [solution 5] was way too interpretive of the person [John] as opposed to 
the evidence given ... like the evidence about the graph ... didn't use that at all 
and just used the information that the person was skipping and therefore they 
didn' t study and they scored badly. (1998) 

I n m a n y of the above c o m m e n t s it is noticeable that s tudents u n d e r s t a n d the 
u n a v o i d a b l e u n c e r t a i n t y associated w i t h p r e d i c t i o n . T h i s is an i m p o r t a n t p o i n t 
to u n d e r s t a n d if the best fit l ine is to be c o n s i d e r e d a w o r t h w h i l e a p p r o a c h , 
because its use w i l l o n l y l e a d to j u d g m e n t s about the l i k e l i h o o d of a n event . F o r 
e x a m p l e , L . B . a c k n o w l e d g e s this uncer ta in ty i n the f o l l o w i n g e v a l u a t i o n , 
w h i c h is representat ive of the c o m m e n t s obta ined f r o m m a n y of the s tudents 
i n t e r v i e w e d , of s o l u t i o n 4's f i n a l a n s w e r : 

It [solution 4] says "I cannot be positive John would have scored a 60 (he could 
score above or below this number), but the trend of scores in the graph suggest 
that 60 is a l ikely score" ... and I think this is probably pretty true ... wel l it is 
[true] because the average ... you calculate the average from the other students. 
(1998) 

F i n a l l y , r o u g h l y 75% of the students w h o accepted p s y c h o l o g i c a l e x p l a n a 
t ions a lso rated s o l u t i o n 2 highest , that is , they r e c o g n i z e d that u s i n g the best f it 
l ine w a s the best a p p r o a c h to use i n p r e d i c t i n g L . A . scores. T h i s suggests that 
the process of r e a s o n i n g does not need to have a s t r a i g h t f o r w a r d re la t ionsh ip 
to its p r o d u c t because s tudents entertained n o n m a t h e m a t i c a l just i f icat ions 
w h e n e v a l u a t i n g s o m e of the so lut ions , b u t they u l t i m a t e l y rated the best 
m a t h e m a t i c a l s o l u t i o n highest . A l t e r n a t i v e l y , it suggests that some (older) s t u 
dents are m u c h m o r e sophis t i ca ted at separa t ing m a t h e m a t i c a l so lut ions f r o m 
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poss ib le n o n m a t h e m a t i c a l just i f icat ions . T o be s u r e , i f one w e r e to o n l y l o o k at 
these s t u d e n t s ' ra t ings , one m i g h t n o t h a v e guessed that s o m e i r re levant i n f o r 
m a t i o n p l a y e d a ro le i n their e v a l u a t i o n of s o l u t i o n s . 

Discussion 
F r o m the results presented it is poss ib le to d r a w a n u m b e r of c o n c l u s i o n s about 
i n f o r m a l , p e r f o r m a n c e - b a s e d assessment. F i r s t , just as w i t h f o r m a l , ob ject ively 
scored tests, the d e v e l o p m e n t of c h a l l e n g i n g a n d interpretable i tems for s t u 
dents is a r d u o u s w o r k , a n d p e r h a p s m o r e so because there are fewer estab
l i s h e d g u i d e l i n e s to f o l l o w . A f t e r h a v i n g d e v e l o p e d a n d a d m i n i s t e r e d 
ob jec t ive ly -scored p e r f o r m a n c e - b a s e d assessments s u c h as P a c k the P o p a n d 
A t t i t u d e a n d L . A . Scores, results suggest that s u c h assessments c a n b e g i n to 
d i s c r i m i n a t e b e t w e e n l o w a n d h i g h achievers . F o r e x a m p l e , s tudents at quar t i le 
4 g e n e r a l l y ra ted the best s o l u t i o n (i.e., s o l u t i o n 4 to P a c k the P o p a n d s o l u t i o n 
2 to A t t i t u d e a n d H o m e w o r k ) m o r e h i g h l y t h a n d i d s tudents at l o w e r quart i les . 
I n a d d i t i o n , s tudents at quar t i l e 1 g e n e r a l l y ra ted the poorest s o l u t i o n (e.g., 
s o l u t i o n 2 to P a c k the P o p a n d s o l u t i o n 5 to A t t i t u d e a n d H o m e w o r k ) m o r e 
h i g h l y t h a n d i d s tudents at quar t i les 2, 3, a n d 4. M o r e o v e r , o u r i tems also 
d i s c r i m i n a t e d b e t w e e n s tudents i n d i f fe rent grades . In genera l , s tudents i n 
g r a d e 10 ra ted the best s o l u t i o n to b o t h P a c k the P o p a n d A t t i t u d e a n d 
H o m e w o r k m o r e h i g h l y t h a n d i d s tudents i n g r a d e 9. F i n a l l y , these i tems c a n 
be q u i c k l y s c o r e d because s tudents c a n i n d i c a t e their e v a l u a t i o n s u s i n g the 
r a t i n g scales. 

These assessments a lso appear to e l ic i t the c o g n i t i v e processes u s e d to so lve 
rea l , e v e r y d a y tasks. F o r e x a m p l e , P a c k the P o p ' s i n t e r v i e w reports indicate 
that s tudents w h o rated s o l u t i o n 4 h ighes t t e n d e d a lso to p o i n t out the 
d e s i r a b i l i t y of c o n s i d e r i n g m u l t i p l e a p p r o a c h e s to s o l v e a p r o b l e m . In contrast , 
s tudents w h o rated s o l u t i o n 2 h i g h l y t e n d e d to focus o n the quickness of its 
a l g o r i t h m i c a p p r o a c h w i t h o u t c o n s i d e r i n g its i m p l i c a t i o n s . These results to a 
great extent m i r r o r the p r o b l e m - s o l v i n g of e v e r y d a y tasks insofar as m u l t i 
p l i c i t y of t h o u g h t a n d foresight c a n aver t p o o r s o l u t i o n s to p r o b l e m s . 

M o r e o v e r , A t t i t u d e a n d L . A . Scores i n t e r v i e w reports indica te that s tudents 
a p p e a r to use n o n m a t h e m a t i c a l heur i s t i cs , s u c h as f o c u s i n g o n the p s y c h o l o g i 
ca l at tr ibutes of a p e r s o n , to a i d their p r o b l e m - s o l v i n g . S u c h heuris t ics h a v e 
b e e n n o t e d b y p r o b l e m - s o l v i n g researchers as p r e v a l e n t i n e v e r y d a y r e a s o n i n g 
because they y i e l d q u i c k a n d of ten re l iable s o l u t i o n s w i t h a m i n i m u m of effort 
(Evans , 1989; N e w e l l & S i m o n , 1972; T v e r s k y & K a h n e m a n , 1982). Interest ing
l y , o u r results indica te that s o m e s tudents w h o e m p l o y s u c h heuris t ics are also 
able to choose the best m a t h e m a t i c a l s o l u t i o n . T h i s suggests that e v e n w i t h 
p e r f o r m a n c e - b a s e d assessment, w h a t y o u see is n o t a l w a y s w h a t y o u get; that 
is , s tudents m a y choose the best m a t h e m a t i c a l a n s w e r , b u t s t i l l enter ta in n o n -
m a t h e m a t i c a l heur is t ics to assess s o l u t i o n s a n d u l t i m a t e l y a r r ive at a f i n a l 
response . I n s u m , o u r results p r o v i d e p r e l i m i n a r y e v i d e n c e that i n f o r m a l , 
p e r f o r m a n c e tasks c a n (a) be e f f i c ient ly a d m i n i s t e r e d a n d e v a l u a t e d if cast i n a n 
ob jec t ive ly -scored format , a n d (b) d i s c r i m i n a t e b e t w e e n s tudents of di f ferent 
a c h i e v e m e n t levels . 

F i n a l l y , a n u m b e r of in teres t ing p o i n t s m a y be m a d e about s tudents ' o r a l 
reports . A t the outset, it w a s f o u n d b y a l l i n t e r v i e w e r s that s tudents i n genera l 
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h a d d i f f i c u l t y a r t i c u l a t i n g ideas a n d / o r thoughts about m a t h e m a t i c a l tasks 
( K u l a k & R o o n e y , 1999; R o b i n s o n , 1999). A l t h o u g h this m a y p r o v e to be a 
l i m i t a t i o n to the v a l i d a t i o n of p e r f o r m a n c e i tems i n mathemat ics , recent re
search suggests that retrospect ive reports m a y be m o r e accurate than c o n c u r 
rent reports ( R o b i n s o n , 1999). In the future , specia l at tent ion m a y be d i rec ted at 
s t u d e n t s ' a b i l i t y to art iculate m a t h e m a t i c a l ideas i n the c l a s s r o o m . F u r t h e r 
m o r e , s tudents e x h i b i t e d characterist ics that c o g n i t i v e psycholog is t s h a v e i d e n 
t i f i e d as i m p o r t a n t to a d v a n c e d p r o b l e m - s o l v i n g . 

Notes 
1. We also ended up interviewing four grade 11 students to confirm that the items could be 

easily solved by more senior students. 
2. Solutions were divided into the three sections, starting point, basic procedure, and final 

answer, so as to facilitate students' parsing of the information presented. We discovered in 
pilot tests that when solutions were not divided, students tended to avoid easily the early 
parts of the solutions. 

3. Although 15 students did not complete all sections of both items 1 and 2, we kept the sections 
they did complete and used the data when we could in analyses. Partly completed items did 
not interfere with analyses and, more important, we did not want to exclude potentially 
significant data. 

4. The students were assigned to class essentially in a random manner; there was no streaming 
based on academic ability or prior performance. 
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