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This study investigates student score profiles of the mathematics component of the 1997 
Ontario grade 3 assessment. In addition to an overall score, students are given scores on 
three knowledge or skill dimensions, and five scores on content strands. The purpose of this 
investigation was threefold: (a) to assess the extent to which student profiles contain differen
tially diagnostic information, (b) to examine classroom-level patterns in the student profiles, 
and (c) to develop alternative methods of analyzing profile data to gain classroom-level 
diagnostic information. The results show that 70% of the students have the same score on all 
three knowledge/skill categories (flat profiles) and thus provide no differentially diagnostic 
information. The profiles for the remaining 30% of the students consisted almost exclusively 
of contoured profiles in which there was a difference of only one unit between one of the 
categories and the other two. Using algorithms developed in this article, these profiles were 
used to assess the relative strengths and weaknesses at the classroom level, as well as 
examining within-classroom diversity. This investigation found that nearly 60% of class
rooms hada relative weakness in comprehension, and 25% of classrooms displayed substan
tial diversity. Examination of profiles of the five content strands indicated that nearly 69% of 
the students also had either flat or contoured profiles, whereas the remainder had more 
complex patterns. Methodologies for interpreting relative strengths and weaknesses on the 
mathematics strands at the student and the classroom level are discussed. 

Cette recherche étudie le rendement d'élèves de troisième année en mathématiques à l'examen 
provincial en Ontario en 1997. Les élèves y obtiennent une note globale, une note sur trois 
catégories visant les connaissances ou les habiletés, et cinq notes pour le contenu. La présente 
étude avait trois buts: (a) évaluer jusqu'à quel point les profils d'élèves contiennent de 
l'information diagnostique différentielle, (b) discerner les patterns à l'échelle de la salle de 
classe à partir des profils d'élèves et (c) développer des méthodes alternatives d'analyser les 
données du rendement pour permettre la cueillette d'information diagnostique à l'échelle de 
la salle de classe. Les résultats indiquent que 70% des élèves ont eu la même note sur les trois 
catégories visant les connaissances ou les habiletés (les profils plats); ces résultats ne fournis
sent donc aucune information diagnostique différentielle. Les profils de l'autre 30% des 
élèves consistaient presque exclusivement de profils courbés où il y avait une différence d'une 
unité entre une des catégories et les deux autres. A l'aide d'algorithmes développés pendant 
l'étude, on s'est servi de ces profils pour évaluer les forces et les faiblesses relatives à l'échelle 
de la salle de classe et pour étudier la diversité à l'intérieur de la salle de classe. L'étude a 
révélé que dans presque 60% des salles de classe, il y avait une faiblesse relative au niveau de 
la compréhension et qu'une diversité considérable existait dans 25% des salles de classe. 
L'étude des cinq notes pour le contenu a indiqué que presque 69% des élèves avaient un profil 
qui était soit plat ou courbé, alors que les autres avaient des profils plus complexes. On 
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discute de méthodologies servant à interpréter les forces et les faiblesses relatives en mathé
matiques à l'échelle de l'individu et à l'échelle de la salle de classe. 

Introduction 
In recent years , large-scale assessment has m o v e d a w a y f r o m m u l t i p l e - c h o i c e 
tests to m o r e c o m p l e x p e r f o r m a n c e assessments. O n e reason for this shift has 
been c r i t i c i s m of the n a r r o w i n g c u r r i c u l a r i m p a c t of m u l t i p l e - c h o i c e test ing, 
m u c h of w h i c h c a n be c o n s t r u e d as var ia t ions o n the theme of i n a p p r o p r i a t e 
t each ing to the test ( C a n n e l l , 1988; M a d a u s , 1991; M o o r e , 1994; N a t i o n a l C o m 
m i s s i o n o n T e s t i n g a n d P u b l i c P o l i c y , 1990). U n l i k e m u l t i p l e - c h o i c e i tems, 
p e r f o r m a n c e assessments are seen as authentic i n their r e l a t i o n s h i p to e d u c a 
t i o n a l goals . 1 T h e a r g u m e n t is that i f the assessment tasks are t r u l y w h a t w e 
w a n t s tudents to learn , then teaching to the test is t u r n e d f r o m a l i a b i l i t y to a 
benefi t . 

P e r f o r m a n c e assessments take the f o r m of tasks m o r e i n k e e p i n g w i t h 
c l a s s r o o m a n d r e a l - w o r l d d e m a n d s t h a n s i m p l y c h o o s i n g one of several o p 
t ions to a m u l t i p l e - c h o i c e quest ion . T h e tasks are u s u a l l y p a p e r - a n d - p e n c i l , 
a l t h o u g h labora tory a n d other m a n i p u l a t i v e sk i l l s are somet imes r e q u i r e d . 
T h e y are of ten e m b e d d e d i n the c u r r i c u l u m a n d require m o r e t ime to a d 
m i n i s t e r , b u t p r o p o n e n t s argue that the a d d i t i o n a l t i m e is i n s t r u c t i o n a l l y 
benef ic ia l to s tudents . O n e i m p o r t a n t aspect of s u c h assessments is that they 
require e x p e n s i v e g r a d i n g b y panels of experts, u s u a l l y teachers. T h u s issues of 
costs versus benefits require close s c r u t i n y ( H a r d y , 1995). 

E l a b o r a t i o n of this issue requires s o m e h i s tor i ca l context . P e r f o r m a n c e (and 
p o r t f o l i o ) assessments g r e w out of the m o v e m e n t to u n d e r s t a n d a n d i m p r o v e 
c l a s s r o o m test ing ( W i g g i n s , 1993). T h e y w e r e seen as tools u s e f u l i n the class
r o o m , i n the h a n d s of teachers w h o a l ready k n e w the s tudents w e l l , a n d as 
" o n e m o r e piece of i n f o r m a t i o n " about the s tudent . I n this context they were 
p r o m o t e d a n d cont inue to be accepted as p o w e r f u l techniques , b u t as tech
n i q u e s m o r e of f o r m a t i v e assessment a n d i n s t r u c t i o n t h a n of s u m m a t i v e as
sessment. A s one t o o l i n the o n g o i n g c o n v e r s a t i o n b e t w e e n teacher a n d 
s tudent , they w e r e treated, b y and large r i g h t l y , as not subject to the r e q u i r e 
ments of basic m e a s u r e m e n t pr inc ip les . That is, w h e n c o u p l e d w i t h a d d i t i o n a l 
i n f o r m a t i o n about the s tudent in the teacher's h a n d s , the d a n g e r of t a k i n g 
u n w i s e , espec ia l ly s u m m a t i v e , act ion o n inaccurate i n f o r m a t i o n w a s m i n i 
m i z e d . 

P e r f o r m a n c e assessments were b o r r o w e d f r o m this w i t h i n - c l a s s r o o m c o n 
text b y the large-scale test ing movement , a n d once r e m o v e d f r o m that context 
they lost their i m m u n i t y f r o m e x a m i n a t i o n u s i n g the t r a d i t i o n a l canons of 
m e a s u r e m e n t (Bateson, 1993). In the e n s u i n g f e w years , a var ie ty of technica l 
concerns w e r e ra ised: p r o b l e m s of l o w g e n e r a l i z a b i l i t y (Brennan & J o h n s o n , 
1995; G a o , S h a v e l s o n , & Baxter, 1994); score s tabi l i ty o v e r t ime ( R u i z - P r i m o , 
Baxter , & S h a v e l s o n , 1993); a n d accuracy of i n d i v i d u a l a n d e v e n g r o u p average 
scores ( C r o n b a c h , L i n n , Brennan , & H a e r t e l , 1997). 

B e y o n d technical issues, Black (1994) r e p o r t e d that large-scale p e r f o r m a n c e 
assessments c o u l d falter i n the face of teacher resistance, just as m u l t i p l e - c h o i c e 
large-scale assessments h a v e . Shepard et a l . (1996) a n d F i res tone , M a y r o w e t z , 
a n d F a i r m a n (1998) f o u n d that the h o p e d - f o r benef i c ia l i m p a c t o n c u r r i c u l u m 

378 



Detecting Student Profile Patterns 

w a s m i n i m a l . In s u m m a r y , the s w i t c h f r o m m u l t i p l e - c h o i c e test ing has s o l v e d 
s o m e p r o b l e m s , b u t others h a v e e m e r g e d , a n d the h o p e d - f o r benefits appear 
e l u s i v e . H e n c e cost benefi t issues c o n t i n u e to be a concern . 

A n o t h e r context i n w h i c h m u l t i p l e - c h o i c e test ing a n d per formance assess
m e n t c a n be e x a m i n e d are the quest ions of b r e a d t h versus d e p t h a n d ins t ruc
tional u t i l i t y . Large-scale m u l t i p l e - c h o i c e tes t ing p r o g r a m s h a v e been 
sugges ted as able to y i e l d i n s t r u c t i o n a l l y d iagnos t i c i n f o r m a t i o n . H o w e v e r , if a 
m u l t i p l e - c h o i c e test covers a substant ia l a m o u n t of c u r r i c u l u m , then the n u m 
ber of i tems poss ib le o n a n y topic is too s m a l l for re l iable i n d i v i d u a l d i a g n o s i s 
of a speci f ic d i f f i c u l t y . 2 F o r e x a m p l e , a test b r o a d e n o u g h to cover the m a t h e 
mat ics c u r r i c u l u m for a n entire grade c o u l d n o t c o n t a i n m o r e than a f e w i tems 
o n a n y t h i n g as speci f ic as, say, a d d i t i o n of fract ions, a l t h o u g h co l lec t ion of 
i tems u n d e r a b r o a d e r u m b r e l l a , perhaps i n v o l v i n g sk i l l s rather t h a n content, 
w o u l d amel iora te this p r o b l e m . A l t h o u g h s u c h a subtest does not u s u a l l y 
c o n t a i n e n o u g h i tems to be h i g h l y re l iable at the i n d i v i d u a l l e v e l , suppor ters of 
s u c h tests argue that at the g r o u p (e.g., c lassroom) l e v e l , e v e n a f e w i tems can 
p r o v i d e u s e f u l d i a g n o s t i c i n f o r m a t i o n . 

So if results f r o m a three- i tem subtest o n , aga in , a d d i t i o n of fractions s h o w 
s u f f i c i e n t l y n a r r o w conf idence in terva ls at the c l a s s r o o m l e v e l , the a r g u m e n t is 
that w e can d r a w c o n c l u s i o n s about c l a s s r o o m per formance o n this subtopic . 
T h e c o u n t e r a r g u m e n t is that s u c h c o n c l u s i o n s need to be l i m i t e d spec i f i ca l ly to 
p e r f o r m a n c e o n the ac tual i tems u s e d a n d not to a m o r e general category; that 
is , to a d d i t i o n of these three speci f ic i tems rather t h a n to a d d i t i o n of fractions i n 
genera l . T h i s seems to be the c r u x of the b r e a d t h - d e p t h issue w i t h respect to 
large-scale m u l t i p l e - c h o i c e tests of the type descr ibed a n d of their potent ia l for 
i n s t r u c t i o n a l d i a g n o s i s . 

T h e p u r p o s e of this s t u d y w a s to e x a m i n e the potent ia l benefit of per for 
m a n c e assessments i n p r o v i d i n g g r o u p - l e v e l i n s t r u c t i o n a l d iagnos is . S c o r i n g 
systems t y p i c a l l y u s e d i n p e r f o r m a n c e assessments d o not offer the seduct ive 
lure of great spec i f i c i ty , for e x a m p l e , a d d i t i o n of fract ions. Instead, designers of 
p e r f o r m a n c e assessments ask scorers to a p p r o a c h s tudent w o r k f r o m a var ie ty 
of perspect ives . F o r e x a m p l e , the O n t a r i o assessment s y s t e m u n d e r e x a m i n a 
t i o n p r o d u c e s a score for each of three k n o w l e d g e / s k i l l categories, Understand
ing, Applying, a n d Communicating, o n a 4 -po int scale. 

I n the ra t ionale for this analys is , w e u s e d a l i m i t e d d e f i n i t i o n of d iagnos is . 
In k e e p i n g w i t h G i p p s , B r o w n , M c C a l l u m , a n d M c A l i s t e r (1995), w e recognize 
that f e w teachers, espec ia l ly g o o d teachers, are p a r t i c u l a r l y s u r p r i s e d b y the 
results of large-scale assessments. Teachers t e n d to k n o w w h i c h students are 
d o i n g w e l l a n d w h i c h are d o i n g less w e l l . O u r d e f i n i t i o n of d i a g n o s i s focuses 
o n those s tudents w h o s h o w u n e v e n (contoured , i n o u r t e r m i n o l o g y ) rather 
t h a n e v e n (flat) ach ievement prof i les . O u r a r g u m e n t is that large-scale assess
m e n t scores are m o s t u s e f u l to teachers w h e n they s h o w di f ferent levels of s k i l l 
i n d i f ferent categories of outcomes . In effect o u r c l a i m is that a flat prof i l e tells 
a teacher n o t h i n g the teacher d i d not a l r e a d y k n o w , a n d if large-scale assess
m e n t is to cont r ibute to u n d e r s t a n d i n g of the s tudent ' s achievement , it w i l l be 
m o r e l i k e l y to o c c u r w h e n the prof i l e is c o n t o u r e d . 

W e b e g i n w i t h 3-element vectors represent ing the scores of each s tudent o n 
these three categories , s u c h as 132 (1 for U n d e r s t a n d i n g , 3 for A p p l y i n g , a n d 2 
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for C o m m u n i c a t i n g ) . O u r a r g u m e n t is that, a l t h o u g h flat prof i les (111, 222,333, 
444) revea l each s tudent ' s general l eve l of per formance , they d o not p r o v i d e 
d i f f e r e n t i a l l y d i a g n o s t i c i n f o r m a t i o n (i.e., a pattern of relat ive strengths a n d 
weaknesses) . O n the other h a n d , a pat tern s u c h as 112 reveals a re lat ive 
s t rength i n one area ( in this case, C o m m u n i c a t i n g ) . O u r analys is focuses o n 
these c o n t o u r e d prof i l es , l o o k i n g for c lass room- leve l patterns i n re lat ive 
s t rength a n d w e a k n e s s . W e explore w a y s to examine trends (i.e., n u m b e r s of 
s tudents i n a class s h o w i n g the same relat ive s trength or weakness) a n d d i v e r 
s i ty (i.e., c l ass rooms w i t h a n u m b e r of students s h o w i n g strength i n a n area, 
a n d a n u m b e r of s tudents s h o w i n g weakness i n the same area). 

T w o di f ferent aspects of these c l a s s r o o m vectors can be e x a m i n e d , o v e r a l l 
t r e n d a n d i n t e r n a l d i v e r s i t y . If a teacher has a large n u m b e r of students w i t h 
w e a k n e s s i n A p p l y i n g , a n d a s m a l l n u m b e r w i t h s t rength i n A p p l y i n g , then 
there is a clear t r e n d that the teacher can try to d e a l w i t h at the c l a s s r o o m l e v e l . 
H o w e v e r , if a teacher has a n u m b e r of students w i t h weakness i n A p p l y i n g , 
a n d a s i m i l a r n u m b e r w i t h s t rength i n A p p l y i n g , then there is some ser ious 
d i v e r s i t y that w i l l require c o n s i d e r a b l y m o r e i n d i v i d u a l i z a t i o n a n d be m u c h 
m o r e d i f f i c u l t to d e a l w i t h . A l t h o u g h a l l g o o d teachers engage i n i n d i v i d u a l i z a 
t i o n , o u r c o n c e r n is to s h e d l i g h t o n the extent to w h i c h i t is necessary. W e 
s o u g h t w a y s to e x a m i n e each of these s i tuat ions separately. 

W e d o w n p l a y the fact that a pat tern of 111 tells a teacher s o m e t h i n g d i f 
ferent t h a n a p a t t e r n of 333 o n the g r o u n d s that this is s o m e t h i n g the teacher 
w a s m o r e p r o b a b l y a l ready a w a r e of a n d that s u c h flat patterns d o not p r o v i d e 
the teacher w i t h d iagnos t i c i n f o r m a t i o n o n differences i n relat ive strengths a n d 
weaknesses . T h e d o w n s i d e of o u r d e c i s i o n is that patterns s h o w i n g the same 
relat ive s t rength are treated the same (e.g., 112, 223, 334 a l l s h o w a relat ive 
s t rength i n C o m m u n i c a t i n g ) , sett ing aside the i n f o r m a t i o n c o n v e y e d b y the 
o v e r a l l levels of p e r f o r m a n c e . 

T h e des igners of external tests are a l w a y s clear that scores o n i n d i v i d u a l s 
s h o u l d not be u s e d i n the absence of other i n f o r m a t i o n about the s tudent , a 
p o s i t i o n that h o l d s as w e l l for p e r f o r m a n c e assessment as for a n y other assess
m e n t ( C r o n b a c h et a l . , 1997; S h a v e l s o n , Baxter, & G a o 1993). So w e address o u r 
quest ions p r i m a r i l y at the c l a s s r o o m leve l of data aggregat ion , a n d tangent ia l ly 
at the i n d i v i d u a l l e v e l as w e aggregate the data . 

A l t h o u g h there is a s m a l l l i terature o n prof i l e analys is , it does not address 
p e r f o r m a n c e assessment. The m o r e c o m m o n d e f i n i t i o n of a prof i l e arises f r o m 
a test battery context i n w h i c h scores f r o m test c o m p o n e n t s are c o m p a r e d 
( M e h r e n s & L e h m a n n , 1991; Sax, 1997). The l i terature offers l i t t le d i s c u s s i o n of 
the use of pro f i l e s i n in te rpre t ing assessment data . H i l l s (1993) b r i e f l y discusses 
pi t fa l ls often o c c u r r i n g i n p r o f i l e in terpreta t ion , a n d several s tudies h a v e a d 
dressed m e t h o d s to estimate the r e l i a b i l i t y of a p r o f i l e of measures (Rae, 1991; 
Y a r n o l d , 1984). H o w e v e r , w e h a v e been unab le to locate a n y d i s c u s s i o n of the 
extent to w h i c h prof i les p r o v i d e d i f ferent ia l ly d iagnost i c i n f o r m a t i o n at the 
student , class, or h i g h e r l eve l . 

O u r first set of quest ions asks the extent to w h i c h i n d i v i d u a l s tudents h a v e 
flat (e.g., a l l 3s) o r c o n t o u r e d (e.g., a m i x t u r e of di f ferent values) prof i les . O u r 
second set of quest ions asks w h e t h e r there are c lassroom- leve l patterns i n these 
s tudent p r o f i l e s . A l t h o u g h there are reasons to be concerned about the 
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r e l i a b i l i t y of i n d i v i d u a l prof i l es , g r o u p results are m o r e rel iable , a n d w e take a 
p a t t e r n s h o w i n g m a n y students i n a class w i t h the same strength or def ic i t as 
h a v i n g p o t e n t i a l d iagnos t i c v a l u e . 

S o m e br ie f caveats are i n order . F irs t , w e recognize the benefits of i n 
d i v i d u a l s tudent test score i n f o r m a t i o n u s e d i n con junct ion w i t h e v e r y t h i n g 
else the teacher k n o w s about the s tudent , e v e n t h o u g h score r e l i a b i l i t y m i g h t 
not be a l l that is h o p e d for. W e also recognize that g o o d teachers a l w a y s m a k e 
a n a t tempt to i n d i v i d u a l i z e , e v e n t h o u g h o u r focus is o n g r o u p i n s t r u c t i o n a l 
d i a g n o s i s . F u r t h e r , it is not o u r i n t e n t i o n to d e a l w i t h the substance of r e m e d i a 
t i o n of d i f f i c u l t i e s . O u r focus is o n the presence a n d m a g n i t u d e of d i f ferent ia l 
patterns i n the ach ievement results o n l y . F i n a l l y , this analys is is e x p l o r a t o r y ; 
one of o u r goals is to u n c o v e r a l ternat ive w a y s of l o o k i n g at the data . 

Data 
In the s p r i n g of 1997 the O n t a r i o E d u c a t i o n Q u a l i t y a n d A c c o u n t a b i l i t y Of f i ce 
( E Q A O ) a d m i n i s t e r e d to a l l 130,000 g r a d e 3 s tudents i n the p r o v i n c e a t w o -
w e e k c u r r i c u l u m - e m b e d d e d assessment that p r o d u c e d several scores i n each 
of r e a d i n g , w r i t i n g , a n d mathemat ics . The scores for mathemat ics are ex
a m i n e d i n this s t u d y . E a c h s tudent rece ived a n o v e r a l l mathemat ics score. In 
a d d i t i o n scores w e r e repor ted for the f o l l o w i n g three k n o w l e d g e / s k i l l catego
ries, U n d e r s t a n d i n g , A p p l y i n g , a n d C o m m u n i c a t i n g ( U , A , a n d C ) a n d for the 
f o l l o w i n g f ive content s trands : N u m e r a t i o n , G e o m e t r y , M e a s u r e m e n t , Pat tern
i n g , a n d D a t a M a n a g e m e n t . 

P e r f o r m a n c e o n each category a n d s t r a n d w a s repor ted u s i n g a f o u r - p o i n t 
a n c h o r e d scale. F o r e x a m p l e , the f o u r po in ts for the e x a m p l e k n o w l e d g e / s k i l l 
category Applying procedures were : 
• 1 — s h o w s basic a p p l i c a t i o n of some procedures i n attempting some s i m p l e 

tasks; 
• 2 — s h o w s some a p p l i c a t i o n of procedures to complete s i m p l e tasks w i t h 

accuracy; 
• 3 — s h o w s regular a p p l i c a t i o n of p r o c e d u r e s to complete tasks w i t h accuracy; 

a n d 
• 4 — s h o w s regular a p p l i c a t i o n of a wide variety of complex procedures to 

p r o d u c e accurate and complex responses. 
F o r the d e s c r i p t i o n s of the f o u r levels of the G e o m e t r y a n d spat ia l sense s t rand , 
the levels w e r e : 
• 1 — s h o w s basic geometry concepts and procedures i n some s i m p l e tasks; 
• 2 — s h o w s some required geometry concepts and procedures i n s i m p l e tasks; 
• 3 — s h o w s required geometry concepts and procedures to comple te tasks of 

some complexity with accuracy; a n d 
• 4 — s h o w s , beyond what is required, a variety of geometry concepts and 

procedures to c o m p l e t e complex tasks accurately. 
In a d d i t i o n to the f o u r - p o i n t scales, s tudents w e r e also categor ized as exempt 

(var ious except ional i t ies i n c l u d i n g E S L ) a n d no data ( i n c l u d i n g absenteeism 
a n d b l a n k a n d unscorab le responses) . These t w o categories were treated i n this 
a n a l y s i s as m i s s i n g data . O u r focus is f irst o n the set of three k n o w l e d g e / s k i l l 
scores. T h e n w e treat the set of five s t rand scores i n a m o r e p r e l i m i n a r y fashion , 
b r i e f l y e x p l o r i n g their poss ib i l i t ies i n c o m p a r i s o n w i t h the k n o w l e d g e / s k i l l 
scores. 
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Method and Results 
T h e a n a l y s i s w a s c o m p l e t e d i n several stages, w i t h the p r o c e d u r e s of each 
subsequent stage d e p e n d e n t o n the results of the p r e v i o u s stage. T h u s the 
results are presented together w i t h the m e t h o d for each stage of the analys is . 

Formation of Individual Score Vectors 
T h e f irst step i n e x a m i n i n g the scores w a s to c o m b i n e each s tudent ' s set of three 
scores for U n d e r s t a n d i n g , A p p l y i n g , a n d C o m m u n i c a t i n g i n m a t h e m a t i c s i n t o 
a s ing le 3 - d i g i t vec tor d e s c r i b e d earl ier . A m i s s i n g v a l u e o n a n y of the three 
r e s u l t e d i n a m i s s i n g v a l u e for the vector . 

D a t a f r o m 120,315 grade 3 s tudents w e r e then s u m m a r i z e d , r e v e a l i n g that 
69.3% of the s tudents h a d flat prof i l es ( a p p r o x i m a t e l y 13%, 32%, 21%, a n d 3% 
at each of levels 1 t h r o u g h 4); another 30.5% h a d contoured p ro f i l e s c o n s i s t i n g 
o n l y of adjacent va lues (e.g., 434, 112). O n l y 0.22% (265 students) h a d un
balanced p r o f i l e s c o n s i s t i n g of ei ther nonadjacent n u m b e r s (e.g., 313) or three 
d i f ferent n u m b e r s (e.g., 423). I n a l l , 47 of the 64 (43) poss ib le c o m b i n a t i o n s 
a p p e a r e d i n the data . N o students h a d b o t h Is a n d 4s. 

In o r d e r to m o v e f r o m the i n d i v i d u a l to the c l a s s r o o m l e v e l , w e n e e d e d 
s o m e d e c i s i o n ru les . A n y c l a s s r o o m - l e v e l d i f ferent ia l p a t t e r n i n g that m i g h t be 
g l e a n e d f r o m the i n d i v i d u a l vectors lay i n the 30% of cases that h a d c o n t o u r e d 
p r o f i l e s , ra ther t h a n the large n u m b e r w i t h flat prof i l es o r the t r i v i a l l y s m a l l 
n u m b e r w i t h u n b a l a n c e d prof i l es . A l l flat prof i les w e r e c o d e d as 0, a n d the f e w 
u n b a l a n c e d p r o f i l e s w e r e treated as m i s s i n g data . T h e r e m a i n i n g c o n t o u r e d 
pro f i l e s w e r e c a t e g o r i z e d as s h o w i n g ei ther a re lat ive s t rength (one category 
u p , t w o d o w n ) or re lat ive w e a k n e s s ( two categories u p , one d o w n ) i n a catego
r y . U s i n g this s y s t e m , 99.8% of the students c o u l d be c lass i f ied i n t o one of seven 
i n d e p e n d e n t categories , flat or 0 ( w h i c h w a s not u s e d i n the analysis ) , p l u s 
these s ix : 

• + U , s t rength i n u n d e r s t a n d i n g (211,322,433); 
• - U , w e a k n e s s i n u n d e r s t a n d i n g (122,233,344); 
• +A, s t rength i n a p p l i c a t i o n s (121,232,343); 
• - A , w e a k n e s s i n a p p l i c a t i o n s (212,323,434); 
• +C, s t rength i n c o m m u n i c a t i n g (112 223,334); a n d 
• - C , w e a k n e s s i n c o m m u n i c a t i n g (221,332,443). 

N o t e a g a i n that the c o d i n g for each s tudent is i n d e p e n d e n t of the s tudent ' s 
o v e r a l l p e r f o r m a n c e i n that, for e x a m p l e , 443 a n d 221 are treated the same, 
r e l a t i v e l y w e a k i n C o m m u n i c a t i n g . 3 W e then f o r m e d a c l a s s r o o m p r o f i l e c o n 
s i s t i n g of a vec tor of seven n u m b e r s , each represent ing the n u m b e r of students 
i n each c l a s s r o o m i n each of the categories 0, +U, - U , +A, - A , +C, a n d - C . 

Construction of Classroom Vectors 
I n o r d e r to search for patterns a n d frequencies at the c lass room leve l , w e h a d to 
d e a l w i t h v a r i a t i o n s i n c l a s s r o o m size . W e c o u l d h a v e c h a n g e d the 7-digi t 
vec tor f r o m counts to p r o p o r t i o n s , b u t that w o u l d h a v e caused us to lose class 
s ize i n f o r m a t i o n , w e i g h t the data f r o m s m a l l c lassrooms too h e a v i l y , a n d 
p o s s i b l y i n t r o d u c e d i s tor t ions . A n o t h e r p o s s i b i l i t y , a lso rejected, w a s to 
e l i m i n a t e classes b e l o w some g i v e n s ize , s u c h as 10 s tudents . The p r o b l e m w i t h 
this s trategy is that just o v e r hal f the grade 3 s tudents i n O n t a r i o i n 1996-1997 
w e r e i n sp l i t classes, d i v i d e d about e q u a l l y b e t w e e n 2-3 a n d 3-4 spl i t s . A 
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d e c i s i o n to e l i m i n a t e s m a l l e r classes w o u l d thus e l iminate a d i s p r o p o r t i o n a t e 
share of the s tudents i n sp l i t classes. There seems g o o d reason to suspect that 
patterns of ach ievement of s tudents i n s tra ight grade 3 classes, 2-3 spl i ts , a n d 
3-4 sp l i t s m i g h t be sys temat ica l ly di f ferent , so w e d e c i d e d to keep a l l the 
classes. H o w e v e r , the p r o c e d u r e s descr ibed b e l o w are m u c h m o r e l i k e l y to 
r e v e a l patterns i n larger classes t h a n i n smal ler . 

T o get a genera l u n d e r s t a n d i n g of o u r data d i s t r i b u t i o n , w e s u m m e d the 
n u m b e r of c o n t o u r e d prof i l es so that w e h a d for each class a n u m b e r of flat 
pro f i l e s (0) a n d a n u m b e r of c o n t o u r e d prof i l es (categories +U, - U , +A, - A , +C, 
a n d - C a d d e d together) . Tab le 1 s h o w s a cross - tabulat ion of these n u m b e r s . F o r 
e x a m p l e , i n the t o p left entry , 89 classes h a d 0-2 s tudents w i t h flat prof i l es a n d 
0-2 s tudents w i t h c o n t o u r e d prof i l es . A g a i n , a lmost i n the center of the table, 
205 classes h a v e 15-16 s tudents w i t h flat prof i l es a n d 7-8 s tudents w i t h c o n 
t o u r e d p r o f i l e s . W i t h i n the l i m i t s of o u r category w i d t h s , every class s i z e 4 i n the 
p r o v i n c e c a n be r e a d f r o m Table 1. T h e b o d y of Tab le 1 has been b r o k e n i n t o 
n i n e reg ions for ease of d i s c u s s i o n . 

C o n s i d e r f irst the c o l u m n o n the left. F r o m the c o l u m n totals, 44.8% of the 
c lassrooms h a v e f o u r or f e w e r c o n t o u r e d pro f i l e s o n w h i c h to base a search for 
d i f f e r e n t i a l l y d iagnos t i c i n f o r m a t i o n . T h e c lassrooms i n the f irst r o w are 
s m a l l e r , v a r y i n g i n s ize f r o m one to 14. F u r t h e r , a l t h o u g h they c o n t a i n a 
subs tant ia l proportion of s tudents w i t h c o n t o u r e d prof i les , there is l i t t le 
l i k e l i h o o d of f i n d i n g d iagnos t i c i n f o r m a t i o n i n data f r o m these classes. There 
s i m p l y are n o t e n o u g h c o n t o u r e d prof i l es i n the classes i n the first r o w to s h o w 
a pat tern . Those classes i n the s e c o n d a n d t h i r d r o w s (left h a n d c o l u m n ) are 
larger . U n l i k e the f irst r o w , the p r o p o r t i o n of c o n t o u r e d prof i l es is s m a l l . 
C o n s e q u e n t l y , l i k e the classes i n the f irst r o w , there is l ittle chance of u n c o v e r 
i n g d i a g n o s t i c i n f o r m a t i o n . 

T h e r i g h t c o l u m n of Table 1 contains the classes w i t h the largest n u m b e r s of 
c o n t o u r e d p r o f i l e s . A s s h o w n b y the s u m of the s u b c o l u m n totals, 5.9% of the 
c lassrooms h a v e at least 11 s tudents w i t h a c o n t o u r e d prof i l e . T h e f irst a n d 
t h i r d r o w s are essent ia l ly e m p t y . In contrast , the n u m b e r of c lassrooms i n the 
second r o w is large , a n d the chances of f i n d i n g p o t e n t i a l l y d iagnost i c i n f o r m a 
t i o n i n these classes are excel lent . There are e n o u g h c o n t o u r e d prof i l es that, 
w h e n w e break t h e m d o w n b y the three categories of U n d e r s t a n d i n g , A p p l y 
i n g , a n d C o m m u n i c a t i n g (our next step), u s e f u l patterns are l i k e l y . 

T h e m i d d l e c o l u m n of Tab le 1 i n c l u d e s 49.1% of the classes. Those i n the top 
r o w , s o m e 800 or 12% of classes, offer the best chance of f i n d i n g d iagnost i c 
i n f o r m a t i o n , b u t the m i d d l e g r o u p , w i t h about one t h i r d of students s h o w i n g a 
c o n t o u r e d p r o f i l e , a lso s h o w p r o m i s e . T h e b o t t o m g r o u p , w i t h some 300 clas
ses, has a s m a l l e r p r o p o r t i o n of c o n t o u r e d prof i l es , a n d thus less chance of 
f i n d i n g d iagnos t i c i n f o r m a t i o n . 

T h e ana lys i s i n Table 1 s h o w s that despi te the fact that o n l y 30.5% of 
s tudents h a v e c o n t o u r e d prof i l es , it is poss ib le to i d e n t i f y s igni f i cant n u m b e r s 
of classes w i t h m o r e t h a n their share of this 30.5%. That i s , s tudents w i t h 
c o n t o u r e d pro f i l e s are d i s t r i b u t e d u n e v e n l y across c lassrooms. If a d i a g o n a l 
l ine is d r a w n f r o m t o p left to b o t t o m r i g h t of Table 1, those classes above the 
l ine are the m o r e l i k e l y to c o n t a i n suf f ic ient n u m b e r s of students w i t h c o n 
t o u r e d pro f i l e s to s h o w c l a s s r o o m - l e v e l patterns. 
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Table 1 
Numbers of Classes at Combinations of Flat and Contoured Profiles 

Contoured 0-2 3-4 5-6 7-8 9-10 11-12 13-14 15-16 Total Total 
Flat % 

0-2 89 49 10 3 0 0 0 0 236 3.3 
3-4 258 173 49 13 1 1 0 0 495 7.1 

5-6 312 251 109 35 7 1 1 0 716 10.2 

7-8 271 262 180 56 18 8 1 0 796 11.4 

9-10 169 245 175 75 88 12 7 0 732 10.5 

11-12 109 173 181 117 121 54 12 5 730 10.5 
13-14 75 134 158 172 48 66 20 6 751 10.8 

15-16 38 97 165 205 166 70 19 5 765 10.9 
17-18 21 92 206 235 134 64 8 1 761 10.9 
19-20 11 92 161 170 93 32 6 0 565 8.1 

21-22 8 54 85 79 38 7 2 0 273 3.9 
23-24 6 39 44 25 6 2 0 0 122 1.7 
25-26 3 8 8 3 1 0 0 0 23 .4 

27-28 1 9 2 1 0 0 0 0 13 .2 

Total 1,454 1,678 1,534 1,189 711 317 76 17 6,978 100 
Total % 20.8 24.0 21.9 17.1 10.1 4.6 1.1 .2 100 

Classroom Indices of Strength and Weakness 
T h e next step i n the a n a l y s i s m o v e d b e y o n d aggregates of c o n t o u r e d prof i l es to 
the speci f ics of re la t ive strengths a n d weaknesses . A l t h o u g h the ana lys i s c o m 
i n g out of T a b l e 1 m i g h t suggest that fur ther w o r k focus o n o n l y a subset of 
c l a s s r o o m s , because this is a n e x p l o r a t o r y e x a m i n a t i o n w e d e c i d e d to p r o c e e d 
w i t h a l l classes. 

T a b l e 2 s h o w s percentages of classes as a f u n c t i o n of n u m b e r s of class 
m e m b e r s w i t h each of the s ix poss ib le c o n t o u r e d prof i les . F o r e x a m p l e , the + U 
c o l u m n g i v e s i n f o r m a t i o n for prof i l es strongest i n U n d e r s t a n d i n g : 211, 322, o r 
433. S o m e 30% of classes h a v e n o s u c h s tudents , whereas about 16% h a v e three 
or m o r e s u c h s tudents . Table 2 reflects the fact that o v e r a l l ach ievement is 
h ighes t i n U n d e r s t a n d i n g a n d l o w e s t i n C o m m u n i c a t i n g . M o r e t h a n h a l f the 
classes h a v e n o s tudents at a l l w i t h a p r o f i l e s h o w i n g relat ive s t rength i n 
C o m m u n i c a t i n g (112,223, or 334), whereas one quarter of classes h a v e three or 
m o r e s t u d e n t s w i t h a re lat ive w e a k n e s s i n C o m m u n i c a t i n g (221, 332, 443). 
These d i f ferences are qui te large w h e n v i e w e d i n the context that o n l y 30.5% of 
the s tudents h a v e c o n t o u r e d prof i l es . 

Seeking Trends 
T o l o o k for t r e n d s , the n u m b e r of students i n the category - U w a s subtracted 
f r o m the n u m b e r i n + U , y i e l d i n g a factor, A U , that is p o s i t i v e if a c l a s s r o o m has 
a la rger n u m b e r of s tudents r e l a t i v e l y s t rong i n U n d e r s t a n d i n g c o m p a r e d w i t h 
those r e l a t i v e l y w e a k . T h e same w a s d o n e for the t w o categories of A p p l y i n g (+ 
a n d - ) a n d the t w o of C o m m u n i c a t i n g (+ a n d - ) . In this w a y , each c l a s s r o o m 
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Table 2 
Percentages of Classes Containing Numbers of Students with Each Indicator 

Profile 

Percent of +U -U +A -A +C -C 
Classes Profiles Profiles Profiles Profiles Profiles Profiles 

0 Students 30.6% 72.3% 52.9% 48.8% 56.5% 27.1% 
1 Student 31.7% 22.8% 31.1% 32.4% 29.9% 31.2% 
2 Students 20.9% 4.4% 11.5% 13.0% 9.7% 20.7% 
3 Students 10.3% .4% 3.4% 4.3% 3.2% 11.9% 
4 Students 4.2% .1% .8% 1.2% .6% 5.6% 
5 Students 1.5% 0.0% .1% .2% .1% 2.3% 
6 Students .6% — .1% .1% — .8% 
>6 Students .1% — 0.0% — 0.0% .4% 

w a s ass igned a 3-element vector ( A U , A A , A C ) based o n the c o n t o u r e d prof i l es 
o n l y . 

F o r e x a m p l e , c o n s i d e r a c l a s s r o o m of 22 s tudents , c o n t a i n i n g 12 s tudents 
w i t h flat p r o f i l e s a n d 10 w i t h c o n t o u r e d prof i les , g i v i n g a total class d i s t r i b u 
t i o n o f (0, + U , - U , +A, - A , +C, - C ) = (12, 4, 2, 1, 0, 1, 2). O n c o n v e r s i o n to a 
3 - d i g i t p r o f i l e , this becomes (2 ,1 , -1 ) , m e a n i n g that i n this class there are s l ight 
t rends to r e l a t i v e l y h i g h scores o n U n d e r s t a n d i n g a n d A p p l i c a t i o n a n d r e l a 
t i v e l y l o w scores o n C o m m u n i c a t i o n . That is , s tudents w i t h relat ive s t rength i n 
U a n d A o u t n u m b e r those w i t h relat ive w e a k n e s s , w h i l e those w i t h re lat ive 
w e a k n e s s i n C o u t n u m b e r s tudents w i t h re lat ive s trength. 

P r e l i m i n a r y i n v e s t i g a t i o n of patterns a m o n g these 3 -dig i t c l ass room vectors 
r e v e a l e d that p o s i t i v e A U s t e n d e d to g o w i t h negat ive A C s a n d vice versa . That 
is , classes that h a d re lat ive s t rength i n C o m m u n i c a t i n g h a d relat ive weakness 
i n U n d e r s t a n d i n g . T h e A A values t e n d e d to be less var iab le ; about one t h i r d of 
classes h a d A A = 0 (equal n u m b e r s of +A a n d - A students) a n d o n l y 16% h a d 
A A > 2 or < - 2 . 5 There is l i t t le v a r i a b i l i t y i n the re lat ive s t rength or w e a k n e s s i n 
A p p l i c a t i o n at the class average l eve l . W e therefore d e c i d e d to focus o u r 
a t tent ion o n the r e l a t i o n s h i p b e t w e e n U n d e r s t a n d i n g a n d C o m m u n i c a t i n g . 

Tab le 3 s h o w s the c ross - tabula t ion of A U versus A C . N e g a t i v e A C va lues 
w e r e o b s e r v e d for 55.9% of c lassrooms, i n d i c a t i n g that there w a s at least one 
m o r e s tudent w i t h a w e a k n e s s i n C o m m u n i c a t i n g (221, 332, 443) t h a n w i t h a 
s t rength . O f these c lassrooms, 35.2% possessed a relat ive strength i n U n d e r 
s t a n d i n g . O n the r i g h t h a n d s ide , 15% of c lassrooms h a v e a relat ive s t rength i n 
C o m m u n i c a t i n g , a n d one e i g h t h of these, a l m o s t 2% of the entire set, also h a v e 
a re la t ive w e a k n e s s i n U n d e r s t a n d i n g . There appears to be the potent ia l for 
d r a w i n g u s e f u l c l a s s r o o m - l e v e l i n s t r u c t i o n a l i m p l i c a t i o n s f r o m these d a t a . 6 

Seeking Diversity 
T o l o o k for d i v e r s i t y i n c lassrooms another v i e w w a s r e q u i r e d . T h e p r o c e d u r e 
d e s c r i b e d above cannot d i s t i n g u i s h b e t w e e n a class w i t h n o students at e i ther 
+ A or - A a n d one w i t h three s tudents at +A a n d three at - A , as b o t h y i e l d a 
t r e n d score of 0. T o d e a l w i t h d i v e r s i t y , each p a i r of va lues for each c l a s s r o o m 
w a s e x a m i n e d : + U a n d - U , + A a n d - A , +C a n d - C . T h e l o w e r of each p a i r w a s 
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Table 3 
Cross-tabulation, Percentages of Classrooms by AU and AC 

AC<0 AC = 0 AC>0 Total 

4.7% 2.5% 1.8% 8.9% 
AU<0 
AU = 0 16.1% 10.8% 4.8% 31.6% 
AU>0 35.2% 15.6% 8.6% 59.4% 

Total 55.9% 28.9% 15.1% 100.0% 

taken a n d s u m m e d across a l l three scores. For e x a m p l e , w i t h 22 s tudents i n a 
c l a s s r o o m , the v a l u e s (12,4 , 2 , 1 , 0 , 1 , 2) y i e l d 2 + 0 + 1 = 3 ; that is, m i n (4, 2) + 
m i n (1, 0) + m i n (1, 2). T h i s v a l u e p r o v i d e s a measure of d i v e r s i t y i n the 
c l a s s r o o m . 

T h e p r i n c i p l e b e h i n d this measure is s i m p l e . C o n s i d e r pa i rs of e lements for 
+ U a n d - U f r o m t w o di f ferent c lassrooms (4, 2) versus (2, 0). B o t h y i e l d a A U 
score of +2, i n d i c a t i n g t w o m o r e s tudents w i t h re la t ive ly h i g h scores o n U n d e r 
s t a n d i n g . H o w e v e r , i n the first case the teacher m u s t contend w i t h four s t u 
dents r e l a t i v e l y s t r o n g i n U n d e r s t a n d i n g a n d t w o re la t ive ly w e a k , whereas i n 
the second case the teacher has n o students re la t ive ly w e a k i n U n d e r s t a n d i n g . 
T h e t w o d i v e r s i t y scores of +2 a n d 0 reflect this dif ference. O n e of these t w o 
teachers is faced w i t h c o n s i d e r a b l y m o r e i n d i v i d u a l i z a t i o n . 

T h e d i v e r s i t y scores for a l l classes are repor ted i n Table 4. 7 A l t h o u g h w e 
cannot d e t e r m i n e w h e t h e r this analys is has u n c o v e r e d classes w i t h h i g h l y 
d i v e r g e n t s t u d e n t p o p u l a t i o n s , about 25% of classes have a d i v e r s i t y measure 
of 2 or larger . These classes are m o r e l i k e l y to require greater i n d i v i d u a l i z a t i o n 
o n the part of the teacher. 

A s k e p t i c a l v i e w of the above is that w e have i g n o r e d re l iab i l i ty issues a n d , 
e v e n w o r s e , r e l i e d h e a v i l y o n differences be tween unre l iab le n u m b e r s . W e 
h a v e m a d e c l a s s r o o m - l e v e l r e c o m m e n d a t i o n s based o n data f r o m a n u n k n o w n 
subset of the c l a s s r o o m m e m b e r s w h o d i d not have flat prof i les . T h i s m a y be 
true, a n d it c a n be e x a m i n e d , at least o n a case basis. W e isolated i n d i v i d u a l 
prof i l es f r o m the m e m b e r s of three classes, chosen n o n r a n d o m l y , i n a n at tempt 
to e x e m p l i f y the a p p r o a c h . 

T h e f irst class comes f r o m the s u b s a m p l e of classes w i t h p o s i t i v e A U a n d 
negat ive A C v a l u e s ( th i rd r o w , first c o l u m n , Table 3). In this class 28 students 
h a d 15 flat p r o f i l e s , 11 h a d c o n t o u r e d prof i les , a n d t w o students d i d not 
r e s p o n d to a suf f i c ient p o r t i o n of the assessment to be g i v e n scores o n w h i c h to 
base o u r i n d i c e s . T h e b r e a k d o w n is as f o l l o w s : 

• the flat p r o f i l e s are f o u r at l eve l 2 ,10 at l eve l 3, a n d one at l eve l 4; 
• there are n o cases of +A, - A , +C or - U ; 
• there are three cases of + U , t w o at 433 a n d one at 322; 
• there are e ight cases of - C , f ive at 332 a n d three at 221. 
These results , t a k e n together, s h o w a h i g h - a c h i e v i n g class. R o u g h l y a t h i r d of 
the class h a v e s o m e relat ive p r o b l e m s w i t h C o m m u n i c a t i n g , a n d a few h a v e 
re lat ive s t rength w i t h U n d e r s t a n d i n g . There are n o cases of s tudents s h o w i n g 
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Table 4 
Frequencies and Percentages of Classes at each Diversity Level 

Diversity Measure Number of Classes Percent of Classes 

0 3,003 43.0 
1 2,216 31.8 
2 1,152 16.5 
3 426 6.1 
4 148 2.1 

5 28 .4 
6 5 .1 

a re la t ive s t rength i n C o m m u n i c a t i n g . G r o u p - i n s t r u c t i o n a l i m p l i c a t i o n s , a l 
t h o u g h a d m i t t e d l y genera l , are re la t ive ly clear. 

T h e s e c o n d e x a m p l e c l a s s r o o m comes f r o m the s m a l l n u m b e r of c lassrooms 
w i t h negat ive A U a n d p o s i t i v e A C (first r o w , t h i r d c o l u m n , Table 3). There are 
15 flat pro f i l e s a n d e ight c o n t o u r e d i n the class. The b r e a k d o w n is as f o l l o w s : 
• the flat pro f i l e s are three at l e v e l 2 ,10 at l eve l 3, a n d t w o at l eve l 4; 
• there are n o cases of +A, - A or - C ; 
• there is one case of +U, 433, a n d four cases of - U , t w o at 233 a n d t w o at 

344-
J i t / 

• there are three cases of +C, one at 223 a n d t w o at 334. 
A g a i n , this appears to be a h i g h - a c h i e v i n g class. In c lassrooms l i k e this, g r o u p 
i n s t r u c t i o n a l i m p l i c a t i o n s are not so clear-cut. The n u m b e r of s tudents i d e n 
t i f i e d as h a v i n g a re lat ive w e a k n e s s i n u n d e r s t a n d i n g is smal le r a n d b a l a n c e d 
b y one s t u d e n t w i t h a re lat ive s trength. 

T h e t h i r d e x a m p l e c l a s s r o o m comes f r o m the s m a l l g r o u p of c lassrooms 
w i t h h i g h d i v e r s i t y scores, as s h o w n i n the s i x t h r o w of Table 4. In this last class 
there are 30 s tudents ; 11 have flat prof i l es , 18 h a v e c o n t o u r e d prof i les , a n d one 
s tudent ' s score is m i s s i n g . T h e b r e a k d o w n is as f o l l o w s : 
• the flat pro f i l e s are f ive at each of levels 2 a n d 3, a n d one at l eve l 4; 
• a l l s ix poss ib i l i t i es of c o n t o u r e d prof i les exist ; 
• there are f o u r cases of - U (233), b a l a n c e d w i t h one case of +U, 322; 
• there f ive cases of - A , one at 212, three at 323, a n d one at 434, b a l a n c e d b y 

one case of + A at 232; 
• there are f o u r cases of - C , three at 332 a n d one at 443, ba lanced b y three 

cases of +C t w o at 223 a n d one at 334. 
N o t o n l y is this a h i g h l y d iverse class, b u t it is a lso o n average m u c h l o w e r 
a c h i e v i n g t h a n the p r e v i o u s t w o examples . A l t h o u g h there are n o s i m p l e 
d i a g n o s t i c p r e s c r i p t i o n s for a class l i k e the e x a m p l e class, the data g i v e a c lear 
s i g n a l that cons iderab le i n d i v i d u a l i z a t i o n w o u l d be r e q u i r e d . 
Strands 
O n e c o u l d m a k e a case that the content s t r a n d prof i l es h o l d m o r e potent ia l for 
d i f f e r e n t i a l i n s t r u c t i o n a l i m p l i c a t i o n s t h a n d o the k n o w l e d g e / s k i l l prof i les . W e 
c o n c l u d e this repor t w i t h s o m e p r e l i m i n a r y w o r k o n the content prof i les . F o r 
the content s t rands , scores for each s tudent o n the f ive content s trands of 
Numeration, Geometry, Measurement, Patterning, a n d Data Management w e r e 
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s i m i l a r l y c o n v e r t e d i n t o a 5 -d ig i t vector so that, for e x a m p l e , a vector of 32334 
m e a n t that a s t u d e n t h a d 2 o n G e o m e t r y , 4 o n D a t a M a n a g e m e n t , a n d 3s o n 
each of N u m e r a t i o n , M e a s u r e m e n t , a n d Pat te rn ing . In this case 498 of the 1,024 
(45) poss ib le c o m b i n a t i o n s a p p e a r e d i n the data . 

A g a i n , a m i s s i n g v a l u e o n a n y s t rand resul ted i n a m i s s i n g v a l u e o n the 
o v e r a l l vector . W i t h f ive rather than three scores r e q u i r e d for the content 
s t r a n d , there w e r e m o r e cases of m i s s i n g data for the content s trands, 9 .1% 
versus 7.1%. 

I n tota l , 117,706 s tudents y i e l d e d c o m p l e t e data . O f these, 31.6% h a d flat 
prof i l es (e.g., 22222), a n d another 61.9% h a d prof i les c o n s i s t i n g of adjacent 
v a l u e s o n l y , s u c h as 22333 or 43444. The r e m a i n i n g 6.5% of s tudents h a d 
u n b a l a n c e d p r o f i l e s . W i t h f ive pieces of i n f o r m a t i o n to w o r k f r o m rather t h a n 
three, o u r d e c i s i o n rules h a d to be di f ferent a n d m o r e c o m p l e x . 

Coding the Strands 
A n i m p o r t a n t d i f ference be tween the 3 -dig i t k n o w l e d g e / s k i l l vectors a n d the 
5 -d ig i t content vectors is that i n the first case, each s tudent c o u l d be c lass i f ied 
in to one of o n l y s e v e n i n d e p e n d e n t categories. F o l l o w i n g the same p r o c e d u r e 
w i t h the 5 - d i g i t s t rands w a s not poss ib le , as w e n e e d e d to a l l o w for the 
p o s s i b i l i t y of s t rength or w e a k n e s s i n m o r e t h a n one s t rand . W e d e c i d e d to 
categor ize each s tudent as re la t ive ly s t rong , average, o r w e a k (+1, 0, or -1) o n 
each of the five s t rands a n d then to e x a m i n e each s t rand i n t u r n rather t h a n a l l 
of t h e m together as i n the a p p r o a c h for the s k i l l categories. 

O u r p r o c e d u r e is i l lus t ra ted u s i n g the second p o s i t i o n i n the 5-element 
vector , but o u r a r g u m e n t is s y m m e t r i c a l for al l f ive s trands. C o n c e p t u a l l y , o u r 
p r o c e d u r e c o m p a r e s each s t rand score to the m e a n of the other four , a l t h o u g h 
w e a c t u a l l y w o r k e d b y c o m p a r i n g four t imes each score w i t h the total of the 
other four . C o n s i d e r the t w o cases 34333 a n d 44333. W e w a n t each of these to 
result i n a +1 for the second content s t rand G e o m e t r y . That is , if a s t rand has the 
h ighest score i n the vector , even if t ied w i t h one other s t r a n d , o u r m e t h o d s 
s h o u l d g i v e a p o s i t i v e v a l u e . F o u r t imes the G e o m e t r y score, 16, is a l w a y s 
greater b y at least 3 than the s u m of the r e m a i n i n g four s trands, w h i c h w i l l 
h a v e a m a x i m u m of 13. T h e s u m of the r e m a i n i n g f o u r is 13 for 44333, 12 for 
34333, a n d less if a n y of the 3s are c h a n g e d to a l o w e r score. T h e a r g u m e n t is 
p a r a l l e l for 33222 a n d 22111. If w e h a d 44334, then this case w o u l d be scored -1 
for the t h i r d a n d f o u r t h s t rands , a n d 0 for the other three. T h e ru le for a score of 
+1, then , is that f o u r t imes the s t rand score m u s t exceed the s u m of the other 
four s t rands b y 3 or m o r e . 

C o n s i d e r the t w o cases 21222 a n d 11222. W e w a n t each of these to result i n 
a score of -1 for G e o m e t r y . That is , if a s t rand has the lowes t score, e v e n if t ied 
w i t h one other , o u r m e t h o d s s h o u l d g i v e a negat ive v a l u e . F o u r t imes the 
G e o m e t r y score g ives 4, w h i c h w i l l a l w a y s be less than the s u m of the r e m a i n 
i n g f o u r b y at least three. The s u m of the r e m a i n i n g s trands is 8 for 21222 a n d 7 
for 11222; the di f ference is greater t h a n 3 if a n y of the 2s become larger. The 
same a r g u m e n t h o l d s for 22333 a n d 33444. So the a l g o r i t h m is that if four t imes 
a score is less t h a n the s u m of the other four b y at least 3, the result is - 1 . If it is 
greater t h a n the s u m of the other f o u r b y at least 3, the result is +1. If it is w i t h i n 
t w o of the s u m of the other f o u r , the result is 0. 8 
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Table 5 
Frequencies of Classes by Numbers of Geometry Scores 

+1 
-1 

0 1-2 3-4 5-6 7-8 9-10 Total 

0 595 760 220 51 13 1 1,642 
1-2 969 1,545 593 142 74 4 3,276 
3-4 412 750 291 60 3 1 1,517 
5-6 118 214 62 9 1 404 
7-8 38 55 8 1 102 
9-10 17 11 29 
11-12 1 1 1 3 

Total 2,152 3,336 1,176 263 40 6 6,973 

A t the i n d i v i d u a l l e v e l , 9% of s tudents h a v e a re lat ive weakness i n 
G e o m e t r y (-1 as d e s c r i b e d above) a n d 11% of cases s h o w a relat ive s trength 
(+1) . T h e r e m a i n i n g 80% of s tudents receive a v a l u e of 0 a c c o r d i n g to the 
a l g o r i t h m a n d thus are d e e m e d to h a v e a n ach ievement l eve l i n G e o m e t r y close 
to their o v e r a l l achievement . 

T o invest igate the d i s t r i b u t i o n of these cases across c lassrooms, w e c o u n t e d 
the n u m b e r of cases of +1 a n d - 1 scores i n G e o m e t r y i n each class a n d tabulated 
these n u m b e r s i n Table 5. W i t h o n l y 20% of the students h a v i n g a n o n z e r o 
score i n G e o m e t r y , about 10% of classes h a v e n o students at a l l w i t h scores of 
e i ther +1 o r - 1 i n G e o m e t r y . A p a r t f r o m this g r o u p , the t o p left h a n d corner of 
Tab le 5, a b o u t 1,000 classes (the top r o w ) h a v e clear strengths i n geometry , a n d 
another 1,500 classes (left h a n d c o l u m n ) h a v e clear weaknesses . 

In genera l , classes o n the r i g h t h a n d s ide of the table h a v e strengths i n 
G e o m e t r y , a n d those t o w a r d the b o t t o m of the table h a v e weaknesses . A s w e 
m o v e i n t o the center of the table, a n d espec ia l ly t o w a r d the b o t t o m r ight 
(where , h a p p i l y , there are f e w classes), w e f i n d the classes w i t h h i g h d i v e r s i t y . 
C l e a r l y the content s t r a n d data reveals p o t e n t i a l for y i e l d i n g d iagnost i c i n f o r 
m a t i o n . 

Summary 
T h i s is a p r e l i m i n a r y a t tempt to d e v e l o p m e t h o d o l o g y to i d e n t i f y c l a s s r o o m -
l e v e l pat terns i n s tudent prof i les . T h e analys is w a s based o n c o n s i d e r i n g each 
s tudent ' s score i n re la t ion to h is o r her other scores i n the set. In the set of three 
k n o w l e d g e / s k i l l scores, some systematic patterns c o u l d be f o u n d at the class
r o o m l e v e l . In the set of f ive content s t r a n d scores, c l a s s r o o m - l e v e l differences 
i n re la t ive s t rength w e r e f o u n d i n one e x a m p l e s t r a nd . 

F u r t h e r w o r k o n the content s trands is p l a n n e d . Patterns of s t rength a n d 
w e a k n e s s i n c o m b i n a t i o n s of content areas n e e d to be e x a m i n e d , a n d levels of 
error n e e d to be d i s c u s s e d . 

Notes 
1. This point can be debated. 
2. Multiple matrix sampling, in which not all students respond to all items, can solve the 

breadth-depth issue, but at the price of no longer yielding individual level information. 
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3. Other decisions could have been made. For example, data from lower-achieving students 
could be given more importance, or relative weaknesses could be treated as more important 
than relative strengths. One could also choose to take into account the level of the flat profiles. 

4. For split classes we have included only the number of grade 3 students. 
5. The question of whether some of these AAs of 0 consist of a +A of, say, 6 and a - A of 6 is 

addressed below when we discuss diversity. Briefly, the answer is no; almost 98% of classes 
have both +A and - A A 3. 

6. Table 2 reports data for schools at all levels of AA. To examine the possibility of different 
patterns at different levels of AA, we repeated the analysis for schools at each of the five 
levels of AA separately. With minor exceptions results were parallel to Table 2. 

7. The diversity index reported is in the spirit of exploratory data analysis. However, we also 
calculated traditional within-class variances on the student-level raw data. The two 
approaches correlate 0.93. 

8. This algorithm is not perfect. It gives counterintuitive results in extreme cases such as 41111. 
Refinements of the algorithm are being considered for further work. 
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