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Gender Differences in Growth in Mathematical 
Skills During Secondary Grades: 

A Growth Model Analysis 

The purpose of this study was to examine differences in the rate at which males and females 
acquired mathematical skills during secondary grades and to determine the relationship 
between their rates of growth and student- arid school-level characteristics. Based on data 
from the Longitudinal Study of American Youth (LSAY), a three-level hierarchical linear 
model (HLM) indicated that males and females acquired mathematical skills at the same rate. 
The variation in scores among students increased over time, and students maintained their 
initial position in the distribution. This fan-spread phenomenon among students was more 
pronounced in basic skills and knowledge than in problem-solving. Schools were more 
homogeneous in female rate of growth than in male rate of growth. The variation in scores 
among schools enlarged over time, and schools maintained their initial position in the 
distribution. This fan-spread phenomenon among schools was more pronounced in basic 
skills and knowledge than in problem-solving. Policy implications and suggestions for future 
research are provided. 

Le but de cette recherche était d'étudier les différences dans le rythme auquel les adolescents 
et les adolescentes ont acquis des habiletés en mathématiques pendant leurs années au 
secondaire et d'établir le rapport entre leur taux de croissance et des caractéristiques liées aux 
individus d'une part et à l'école d'autre part. D'après les données du Longitudinal Study of 
American Youth (LSAY), un modèle linéaire à trois niveaux (HLM) a indiqué que les filles 
et les garçons acquéraient des habiletés en mathématiques au même rythme. La variation 
dans les résultats s'est accrue avec le temps et les élèves ont maintenu leur position relative 
dans la distribution. Ce phénomène d'éventail chez les élèves était plus prononcé pour les 
habiletés et les connaissances de base que pour la capacité de résolution de problèmes. Les 
écoles présentaient des profils plus homogènes pour le taux d'assimilation des habiletés chez 
les filles que chez les garçons. La variation dans les résultats par école s'est accrue avec les 
temps et les écoles ont maintenu leur position relative dans la distribution. Ce phénomène 
d'éventail parmi les écoles était plus prononcé pour les habiletés et les connaissances de base 
que pour la capacité de résolution de problèmes. On présente des implications en ce qui 
concerne la politique et des suggestions pour la recherche à l'avenir. 

Before the mid-1980s a n u m b e r of researchers f o u n d that dif ferences b e t w e e n 
m a l e s a n d females i n mathemat i cs ach ievement w e r e n e g l i g i b l e d u r i n g the 
e l e m e n t a r y grades , not iceable d u r i n g the in termedia te grades , a n d 
p r o n o u n c e d d u r i n g the h i g h s c h o o l grades ( B u r t o n et a l . , 1986; C r o s s w h i t e , 
D o s s e y , S w a f f o r d , M c K n i g h t , & C o o n e y , 1985; E t h i n g t o n & W o l f l e , 1984; F e n -
n e m a , 1984; L e d e r , 1985; Pe terson & F e n n e m a , 1985). Researchers e x p l a i n e d the 
g e n d e r g a p i n m a t h e m a t i c s p e r f o r m a n c e f r o m b i o l o g i c a l a n d soc ia l p s y c h o l o g ­
i c a l perspec t ives (Baker & Jones, 1992, for a r e v i e w ) . T h e b i o l o g i c a l perspect ive 
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at t r ibuted g e n d e r dif ferences to the role of the X - c h r o m o s o m e , the differences 
i n b r a i n l a t e r a l i z a t i o n , a n d metabol i c a n d h o r m o n e differences ( B e n b o w & 
Stanley , 1983), whereas the soc ia l p s y c h o l o g i c a l perspect ive e x p l a i n e d gender 
di f ferences i n the context of h o m e , s c h o o l , a n d c o m m u n i t y (Eccles & Jacobs, 
1986; F e n n e m a , 1985; W a l k e / d r i n e , 1988). 

H o w e v e r , d u r i n g the last decade, g e n d e r differences i n mathemat ics h a v e 
u n d e r g o n e d r a m a t i c changes , w i t h t w o trends c lear ly e m e r g i n g . O n e t rend is a 
d e c l i n e i n the g a p b e t w e e n mathemat i cs ach ievement of males a n d that of 
females ( A m e r i c a n A s s o c i a t i o n of U n i v e r s i t y W o m e n , 1992; Bel ler & G a r n i , 
1996; M a n g e r , 1995; N a t i o n a l A s s e s s m e n t of E d u c a t i o n a l Progress , 1997; Tartre 
& F e n n e m a , 1995). Recent meta-analyt ic r e v i e w s s h o w that gender differences 
i n m a t h e m a t i c s p e r f o r m a n c e are e i ther s m a l l ( F r i e d m a n , 1996; Frost , H y d e , & 
F e n n e m a , 1994) or d e c l i n i n g o v e r t i m e ( F r i e d m a n , 1989; H y d e , F e n n e m a , & 
L a m o n , 1990). T h e dec l ine i n the g e n d e r g a p of mathemat ics ach ievement 
appears not o n l y i n mathemat i cs as a w h o l e , b u t also i n v a r i o u s m a t h e m a t i c a l 
areas. F o r e x a m p l e , E t h i n g t o n (1990) d i d not find substant ia l gender effects i n 
m a t h e m a t i c a l areas s u c h as fract ions , r a t i o / p r o p o r t i o n / p e r c e n t , a lgebra , 
g e o m e t r y , a n d m e a s u r e m e n t . Battista (1990) s h o w e d that males a n d females d o 
not d i f f e r i n their use of geometr ic p r o b l e m - s o l v i n g strategies. A l t h o u g h some 
s tudies c o n t i n u e to c l a i m g e n d e r differences i n mathemat ics ( M i l l s , A b l a r d , & 
S t u m p f , 1993; R a n d h a w a & R a n d h a w a , 1993), gender as a factor of ten seems to 
be less i m p o r t a n t t h a n other p s y c h o l o g i c a l a n d soc io log ica l factors. F o r ex­
a m p l e , B y r n e s a n d T a k a h i r o (1993) f o u n d that a l t h o u g h males o u t p e r f o r m 
females o n the S A T - M a t h e m a t i c s , g e n d e r e x p l a i n s n o u n i q u e var iance i n m a t h ­
emat ics ach ievement . T h e y c o n c l u d e d that s tudents ' p r i o r m a t h e m a t i c a l k n o w ­
ledge a n d p r o b l e m - s o l v i n g strategies matter m o r e than s tudents ' gender . 

T h e o ther t r e n d is a subs tant ia l c ross -regional (class, s chool , or nat ion) 
v a r i a t i o n i n b o t h s ize a n d d i r e c t i o n of g e n d e r differences i n mathemat ics . F o r 
e x a m p l e , researchers h a v e i n d i c a t e d that g e n d e r differences i n mathemat ics 
a c h i e v e m e n t v a r y s i g n i f i c a n t l y across countr ies (Baker & Jones, 1993; Baker , 
R i o r d a n , & S c h a u b , 1995; H a n n a , 1989,1990). V a r i a t i o n i n gender differences is 
p a r t i c u l a r l y a p p a r e n t w h e n class is taken as the u n i t of analys is . F o r e x a m p l e , 
H a r t (1989) d e m o n s t r a t e d that the dif ferences be tween males a n d females i n 
their interact ions w i t h the m a t h e m a t i c s teacher v a r y cons iderab ly f r o m class­
r o o m to c l a s s r o o m . Battista (1990) r e p o r t e d a s igni f i cant teacher-by-student 
i n t e r a c t i o n i n g e o m e t r y a n d that " c e r t a i n i n s t r u c t i o n a l practices m a y create or 
exacerbate these [gender] d i f fe rences" (p. 59). S m i t h a n d G l y n n (1990) f o u n d 
that m a t h e m a t i c s teachers interact m o r e w i t h students of the same gender . 
A t t i t u d e s t o w a r d mathemat i cs e x h i b i t e d b y females i n s ingle -gender m a t h e ­
mat ics c lassrooms a n d females i n m i x e d - g e n d e r mathemat ics c lassrooms are 
qui te d i f ferent ( G w i z d a l a & Steinback, 1990), a n d M a l l a m (1993) c l a i m e d that 
the best e n v i r o n m e n t i n w h i c h females l earn mathemat ics appears to be i n 
a l l - g i r l s ' schools w h e r e mathemat i cs is taught b y female teachers. F e n n e m a 
(1981) n o t i c e d the v a r i a t i o n i n g e n d e r differences i n mathemat ics a m o n g 
schools a n d c o n c l u d e d that 

The most important place to look to see if change is taking place is in schools 
themselves.... Some schools have been remarkably successful in helping females 
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learn mathematics and feel good about themselves as learners of mathematics. 
Other schools have not. (p. 93) 

T h e c ross - reg iona l v a r i a t i o n seems to s u p p o r t the soc ia l p s y c h o l o g i c a l per ­
spect ive . P a r e n t a l expectat ions (Eccles & Jacobs, 1986; R a m o s , 1996), c u r r i c u l a r 
a n d i n s t r u c t i o n a l mater ia l s (Boaler, 1994, 1997), the na ture of teacher-student 
interact ions (Leder , 1989), teacher att i tudes a n d c l a s s r o o m processes 
( J u n g w i r t h , 1991; Reyes & Stanic, 1988), mathemat i cs c o u r s e - t a k i n g patterns 
(Oakes , 1990), p s y c h o l o g i c a l factors s u c h as at t i tude, m o t i v a t i o n , a n d c o n ­
f idence ( F e n n e m a , H y d e , R y a n , & Frost , 1990; R a m o s & L a m b a t i n g , 1996; 
T e r w i l l i g e r & T i t u s , 1995), e d u c a t i o n a l e n v i r o n m e n t ( B u r t o n , 1986; C a m p b e l l , 
1995; L e d e r , 1986; W a i d e n & W a l k e r d r i n e , 1986), s c h o o l p r o g r a m s a n d e d u c a ­
t i o n a l p o l i c i e s ( D u r o s t , 1996; Jacobs & W i g f i e l d , 1986), a n d l o c a l e m p l o y m e n t 
o p p o r t u n i t i e s (Raffe & W i l l m s , 1989; W i l l m s & K e r r , 1987) a l l contr ibute to the 
u n i q u e p a t t e r n of g e n d e r differences i n cer ta in societies. L e d e r (1986) c o n ­
c l u d e d that " a c lear r e c o g n i t i o n of the va lues , expectat ions a n d beliefs of the 
w i d e r soc ie ty i n w h i c h l e a r n i n g takes place is r e q u i r e d for a f u l l a p p r e c i a t i o n of 
the c u r r e n t l y f o u n d gender differences i n mathemat ics p a r t i c i p a t i o n a n d per ­
f o r m a n c e " (p. 6). 

A l m o s t a l l s tudies o n gender differences i n mathemat ics ach ievement have 
been cross-sect ional i n scope, e x a m i n i n g s tudents ' status rather t h a n their rate 
of g r o w t h i n m a t h e m a t i c s achievement . F e w researchers h a v e taken the p o s i ­
t i o n that the " v e r y n o t i o n of l e a r n i n g i m p l i e s g r o w t h a n d c h a n g e " (Wil le t t , 
1988, p . 346). W i l l m s a n d Jacobsen (1990) e x a m i n e d the differences i n the rates 
of g r o w t h i n three d o m a i n s of m a t h e m a t i c a l s k i l l s ( c o m p u t a t i o n , concepts , a n d 
p r o b l e m - s o l v i n g ) b e t w e e n males a n d females d u r i n g the in termediate years of 
s c h o o l i n g . T h e y sugges ted that g r o w t h i n a l l three d o m a i n s (especial ly i n the 
d o m a i n of concepts) is " f a n - s p r e a d " d u r i n g the in termedia te years , i n d i c a t i n g 
that the v a r i a t i o n i n scores increases over t i m e a n d that s tudents m a i n t a i n their 
i n i t i a l a c h i e v e m e n t p o s i t i o n i n the d i s t r i b u t i o n . W i l l m s a n d Jacobsen also 
f o u n d large di f ferences b e t w e e n schools i n their average rates of g r o w t h even 
after c o n t r o l l i n g for s tudents ' i n i t i a l a b i l i t y . 

W i l l m s a n d Jacobsen (1990) e m p l o y e d a s a m p l e of s tudents f r o m one C a n a ­
d i a n s c h o o l d is t r i c t . There has been n o e x a m i n a t i o n o n the rate of g r o w t h i n 
m a t h e m a t i c s a c h i e v e m e n t f r o m a n a t i o n a l perspect ive ( w i t h a n a t i o n a l l y repre­
sentat ive s a m p l e ) . In a d d i t i o n , a l t h o u g h W i l l m s a n d Jacobsen (1990) d i s ­
c o v e r e d a large b e t w e e n - s c h o o l v a r i a t i o n i n the rate of g r o w t h , they d i d not 
i n c l u d e a n y s c h o o l - l e v e l var iab les i n their s t u d y . L i t t l e is k n o w n about the 
r e l a t i o n s h i p b e t w e e n s c h o o l characterist ics a n d the rate of g r o w t h i n m a t h e ­
mat ics a c h i e v e m e n t . T h e present s t u d y w a s a n at tempt to f i l l these gaps. D a t a 
f r o m the L o n g i t u d i n a l S t u d y of A m e r i c a n Y o u t h ( L S A Y ) , a n a t i o n a l f ive-year 
p a n e l s t u d y (grades 7-11) of p u b l i c m i d d l e a n d h i g h school s tudents i n the 
U n i t e d States w i t h a focus o n mathemat ics a n d science e d u c a t i o n ( M i l l e r & 
H o f f e r , 1994) w e r e a n a l y z e d . In a d d i t i o n to mathemat ics achievement , v a r i o u s 
s tudent a n d s c h o o l var iab les w e r e also m e a s u r e d i n the L S A Y . C o n s e q u e n t l y , it 
w a s p o s s i b l e to i n c l u d e var iab les d e s c r i b i n g s c h o o l c o m p o s i t i o n a n d e x a m i n e 
the effects of s c h o o l c o m p o s i t i o n o n s tudents ' rate of g r o w t h i n mathemat ics 
a c h i e v e m e n t i n the present s t u d y . 
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In s u m , a soc ia l p s y c h o l o g i c a l perspect ive w a s a d o p t e d i n the present s t u d y 
to e x p l a i n g e n d e r differences i n the i n i t i a l status (at the e n d of grade 7) a n d the 
rate of g r o w t h i n mathemat i cs . T h e m a i n research quest ions were : 
1. D o males a n d females d i f fe r i n mathemat ics ach ievement at the e n d of 

g r a d e 7? If so, are gender, dif ferences re lated to s tudent b a c k g r o u n d v a r i ­
ables (age, s o c i o e c o n o m i c status [SES], n u m b e r of parents , a n d n u m b e r of 
s ib l ings ) a n d s c h o o l c o m p o s i t i o n var iab les (school s ize , s c h o o l loca t ion , a n d 
s c h o o l m e a n SES)? 

2. D o e s the rate of g r o w t h i n mathemat ics ach ievement f r o m grades 7 to 11 
d i f f e r b e t w e e n males a n d females? If so , are gender differences related to 
s t u d e n t b a c k g r o u n d a n d s c h o o l c o m p o s i t i o n var iables? 

3 . A r e there s c h o o l dif ferences b e t w e e n males a n d females i n mathemat ics 
a c h i e v e m e n t at the e n d of grade 7 a n d i n rate of g r o w t h i n mathemat ics 
ach ievement? In other w o r d s , are schools di f ferent i n p r o m o t i n g gender 
equal i t ies? 

Method 
Data 
D a t a for the present s t u d y w e r e d r a w n f r o m the strat i f ied n a t i o n a l p r o b a b i l i t y 
s a m p l e of 52 m i d d l e a n d h i g h schools i n the L o n g i t u d i n a l S t u d y of A m e r i c a n 
Y o u t h ( L S A Y ) ( M i U e r & H o f f e r , 1994). The L S A Y b e g a n i n the f a l l of 1987, w i t h 
s a m p l e s of a b o u t 60 lOth-graders , d e f i n e d as cohort 1, a n d about 60 7th-graders , 
d e f i n e d as cohort 2 i n each of 52 locat ions t h r o u g h o u t the U S . The 10th a n d 7th 
graders w e r e f o l l o w e d for five years. T h e l o n g i t u d i n a l data u s e d i n the present 
s t u d y c a m e f r o m cohor t 2, c o v e r i n g the 1987-1988 s c h o o l year (students w e r e i n 
grade 7) to the 1991-1992 s c h o o l year (students w e r e i n grade 11). T h e total 
s a m p l e s ize w a s 3,116 s tudents (1,490 females a n d 1,626 males) . 

Measures 
T h e o u t c o m e v a r i a b l e w a s mathemat i cs achievement . The L S A Y u s e d m a t h e ­
mat ics i tems f r o m the N a t i o n a l A s s e s s m e n t of E d u c a t i o n a l Progress ( N A E P ) , 
se lec t ing sets of i tems that d e m o n s t r a t e d g o o d measures of three theoretical 
d i m e n s i o n s as d e f i n e d i n the N A E P : (a) s k i l l a n d k n o w l e d g e , (b) r o u t i n e a p ­
p l i c a t i o n , a n d (c) p r o b l e m - s o l v i n g a n d u n d e r s t a n d i n g . R e a r r a n g i n g the i tems, 
the L S A Y m e a s u r e d mathemat i cs ach ievement i n three s k i l l d i m e n s i o n s : (a) 
basic s k i l l s a n d k n o w l e d g e , (b) r o u t i n e p r o b l e m - s o l v i n g , a n d (c) c o m p l e x p r o b ­
l e m - s o l v i n g . T h e present s t u d y u s e d f o r m u l a scores adjusted for d i f f i c u l t y , 
r e l i a b i l i t y , a n d g u e s s i n g b y means of i t e m response theory (IRT) ( M i l l e r & 
H o f f e r , 1994). A s a result , test scores can be c o m p a r e d across test f o r m s a n d 
g r a d e leve ls . 

S t u d e n t b a c k g r o u n d var iables i n c l u d e d gender , age, SES , n u m b e r of 
parents , a n d n u m b e r of s ib l ings . G e n d e r came f r o m s tudent self -reports , a n d 
this v a r i a b l e w a s checked against the s tudents ' f irst names a n d v e r i f i e d w i t h 
each parent , w i t h m i s c o d i n g corrected. Based o n the year b o r n (1971 to 1979 
e x c l u s i v e of 1978), age w a s c o d e d i n u n i t increments f r o m -4 .5 to 4.5. T h u s 
y o u n g e r s tudents i n the s a m p l e w e r e ass igned negat ive va lues , whereas o l d e r 
s tudents w e r e ass igned p o s i t i v e va lues . SES w a s a s t a n d a r d i z e d compos i te 
v a r i a b l e of p a r e n t s ' se l f - reported e d u c a t i o n a n d o c c u p a t i o n ( m o d i f i e d D u n c a n 
scale) a n d s t u d e n t - r e p o r t e d h o u s e h o l d possess ions . M a r i t a l status a n d the 
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number of siblings were obtained from parent interviews. There were five 
categories of marital status: married, widowed, divorced, separated, and never 
married. Marital status was recoded to create a dummy variable, number of 
parents, with married as 1 and other categories as 0, based on the base-year 
(1987-1988) data. 

School composition variables included school size, location, and mean SES. 
School size (school cohort size) ranged from 15 to 862. School location had three 
categories: urban, suburban, and rural. Dummy coding of school location 
created two variables: suburban (vs. urban) and rural (vs. urban). Therefore, 
urban was the baseline category against which suburban and rural were com­
pared. School mean SES was an average measure of the SES of students in the 
school. 

Statistical Procedure 
In this study gender differences were determined for initial (grade 7) status and 
for rate of growth in each of the three domains of mathematical skills described 
above. The analyses were based on the three-level hierarchical linear model 
(HLM) (Bryk & Raudenbush, 1992; Raudenbush & Bryk, 1988). Six HLM 
models were estimated, one for each gender in each skill domain. In each H L M 
model the first level of the model was a set of separate linear regression models, 
one for each student. These regression equations modeled students' outcome 
scores on their grade levels: 

Yijt - TCrjij + rciij(grade)ijt + R¡jt, 
where Y¡j t is the mathematics achievement score for student i in school j at 
occasion t, (grade)¡jt is the grade that student i in school ; was in at the testing 
time t, and R¡jt is an error term, assumed to be independent and normally 
distributed with common variance of a 2 The parameters Jtoij and TCÜJ represent, 
respectively, the "true" initial (grade 7) status and the "true" rate of growth in 
mathematics for student i in school j. 

The second level of the model contained two between-student regression 
equations modeling initial status and rate of growth based on student back­
ground covariates (variables): 

rcrjij = ßooj + ßlOJ(age)jj + ß2oj(SES)ij + ß30j(number of parent^ 
+ ß4uj(number of siblings),, + u 0 ¡ j 

rciij = ßoij + ßilj(age)ij + ß2ij(SES)ij + ß3ij(number of parent)^ 
+ ß4 1j(number of siblings)^ + u l i j , 

where the ßs are the parameters for the student-level covariates, and Urjij and 
uiij a r e student-level error terms. Note that the student-level covariates were 
centered in this study so that ßooj a n d ßoij represented the initial status and the 
rate of growth in mathematics respectively for what is often referred to as a 
"typical" student (with the national average age, SES, and number of siblings, 
and who attends a school that has the same proportion of single parents as in 
the national sample of students). The remaining ßs represent the relationships 
of initial status and rate of growth in mathematics to the student-level 
covariates. 
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T h e t h i r d l e v e l of the m o d e l i n c l u d e d t w o be tween-school equat ions that 
regressed the average i n i t i a l status a n d the average rate of g r o w t h i n m a t h e ­
m a t i c s o n s e v e r a l s c h o o l - l e v e l covariates : 

ßooj = ¢000 + <|>ooi(school size)j + <|>oo2(suburban/urban)j + <|>oo3(rural/urban)j 
+ <|>oe4(school m e a n SES)¡ + vooj 

ßoij = ¢ 0 1 0 + <t>oii(school size)j + (J»oi2(suburban/urban)j + <]>oi3(rural/urban)¡ 
+ <t>oi4(school m e a n SES)j + v oi j -

In these equat ions , the average i n i t i a l status a n d the average rate of g r o w t h 
w e r e represented as a n average v a l u e (¢000 or <t>0l0), a n error t e r m (VOOJ or voij), 
a n d the c o n t r i b u t i o n of each schoo l - l eve l covar ia te . 

T h e stat ist ical analyses w e r e c o m p l e t e d i n t w o steps. F irs t , a s i m p l e g r o w t h 
m o d e l w a s es t imated w i t h o u t be tween-srudent a n d between-school 
covar ia tes . 1 I n this s i m p l e m o d e l , the i n i t i a l status a n d the rate of g r o w t h i n 
m a t h e m a t i c s w e r e d e s c r i b e d as a n average v a l u e ( f ixed effect) p l u s a v a r i a t i o n 
( r a n d o m effect). T h i s p r o v i d e d a n o p p o r t u n i t y to e x a m i n e not o n l y the average 
v a l u e s of i n i t i a l status a n d rate of g r o w t h i n mathemat ics , b u t also their v a r i a n ­
ces a n d covar iances . N o t e that H L M obtains the estimates of the " t r u e " 
v a r i a n c e of i n i t i a l status a n d rate of g r o w t h as w e l l as the " t r u e " covar iance 
b e t w e e n i n i t i a l status a n d rate of g r o w t h . T h i s means that the resultant es­
t imates h a v e b e e n ad jus ted for m e a s u r e m e n t a n d s a m p l i n g error . 

T h e s e c o n d step of analys is i n t r o d u c e d between-s tudent a n d between-
s c h o o l covar iates , e s t a b l i s h i n g a c o m p l e x g r o w t h m o d e l . T h e p u r p o s e w a s to 
use those covar ia tes to e x p l a i n v a r i a t i o n b e t w e e n students i n schools a n d 
b e t w e e n schools r e g a r d i n g i n i t i a l status a n d rate of g r o w t h i n mathematics . 
B o t h the s i m p l e a n d the c o m p l e x g r o w t h m o d e l s w e r e es t imated separately for 
m a l e s a n d females across the three d o m a i n s of m a t h e m a t i c a l s k i l l s : basic sk i l l s 
a n d k n o w l e d g e , r o u t i n e p r o b l e m - s o l v i n g , a n d c o m p l e x p r o b l e m - s o l v i n g . 

Results 
T h e m e a n s a n d s t a n d a r d d e v i a t i o n s for b o t h males a n d females across the three 
d o m a i n s of m a t h e m a t i c a l s k i l l s f r o m grades 7 to 11 are repor ted i n Table 1. A s 
s h o w n , b o t h males a n d females g r e w i n their mathemat ics achievement (across 
a l l three d o m a i n s ) f r o m grades 7 to 11. N o t e that the range of the achievement 
scale w a s f r o m 1 to 100 p o i n t s . In basic s k i l l s a n d k n o w l e d g e , m e a n gender 
di f ferences r a n g e d f r o m 0.78 to 1.50 po in ts , a n d differences i n the s tandard 
d e v i a t i o n b e t w e e n males a n d females r a n g e d f r o m 0.55 to 2.47 points . In 
r o u t i n e p r o b l e m - s o l v i n g , m e a n gender differences r a n g e d be tween 1.39 and 
2.00 p o i n t s , a n d dif ferences i n the s t a n d a r d d e v i a t i o n between males and 
females r a n g e d b e t w e e n 0.56 a n d 2.02 p o i n t s . In c o m p l e x p r o b l e m - s o l v i n g , 
m e a n g e n d e r dif ferences r a n g e d f r o m 0.17 to 1.51 p o i n t s , a n d differences i n the 
s t a n d a r d d e v i a t i o n b e t w e e n males a n d females r a n g e d f r o m 0.62 to 1.71 points . 
T h e m a g n i t u d e s of these dif ferences are not s igni f i cant i n practice. 

T h e results for the s i m p l e g r o w t h m o d e l are presented i n Table 2. The top 
par t of the table i n c l u d e s the parameter estimates a n d their s tandard errors for 
the w i t h i n - s r u d e n t m o d e l for each d o m a i n . Statist ical estimates be tween males 
a n d females w e r e c o m p a r e d t h r o u g h their 95% conf idence intervals w i t h n o 
o v e r l a p i n d i c a t i n g statist ical s igni f icance (Glass & H o p k i n s , 1984; T u k e y , 1977). 
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Table 1 
Means and Standard Deviations of Mathematical Skills by Gender and Grade 

Grade 7 Grade 8 Grade 9 Grade 10 Grade 11 
Mean SD Mean SD Mean SD Mean SD Mean SD 

Basic skills/knowledge 

Females 50.83 9.95 52.61 9.53 60.35 12.25 65.32 14.66 69.08 16.43 

Males 50.05 10.57 51.74 10.08 58.94 13.57 64.52 16.16 68.14 18.90 

Routine problem-solving 

Females 51.41 9.82 52.15 9.57 55.57 10.42 58.75 11.43 61.55 12.47 

Males 49.41 10.38 50.48 11.22 54.08 11.97 57.36 13.45 60.04 14.49 

Complex problem-solving 

Females 50.54 9.93 52.84 8.45 55.28 10.34 59.32 12.12 61.94 13.87 

Males 50.20 10.55 51.33 9.71 55.06 11.32 58.89 13.77 61.77 15.58 



Table 2 
HLM Models Describing Variation in Mathematical Skills Between Students and Schools in Grade 7 Status and Rate of Growth 

Basic skills/knowledge Routine problem-solving Complex problem-solving 

Females Males Females Males Females Males 

Estimated parameters 

Fixed effects Effect (SE) Effect (SE) Effect (SE) Effect (SE) Effect (SE) Effect (SE) 

Average within-studentmodel 

Grade 7 status 59.73" (0.68) 57.94" (0.75) 55.93" (0.61) 53.65" (0.66) 56.03" (0.59) 54.79" (0.63) 

Rateofgrowth 4.67" (0.19) 4.31" (0.23) 2.30" (0.13) 2.22" (0.19) 2.57" (0.13) 2.49" (0.18) 

Estimated variance components (between-student model) 
Random effects Estimate (x2) Estimate (x2) Estimate (x2) Estimate (%2) Estimate (x2) Estimate (x2) 

Observed parameter variance 

Grade 7 status 108.74 128.73 

Rateofgrowth 12.37 15.80 

True parameter variance 

Grade 7 status 87.65" 3,988.0 101.05" 3,895.9 

Rateofgrowth 4.47" 1,674.9 5.75" 1,811.3 

Reliability of estimates 

Grade 7 status 0.81 0.79 

Rateofgrowth 0.36 0.36 

Correlation between grade 7 status and rate of growth 

0.95 0.99 

in ft 
55" 

76.78 
7.22 

61.96*' 
1.85" 

3,927.6 

1,532.3 

103.95 
9.39 

83.16" 4,229.2 

2.34" 1,501.1 

83.66 
8.02 

68.60*' 

2.61*' 

4,374.8 

1,646.6 

101.26 
9.88 

80.71" 

2.78" 

4.442.1 
1.552.2 

it 

a 
f 

0.81 

0.26 

0.80 

0.25 

0.82 

0.33 

0.80 

0.28 

0.64 0.74 0.82 0.89 



Table 2 (continued) 

Basic skills/knowledge Routine problem-solving Complex problem-solving 

Females Males 

Estimated variance components (between-school model) 
Random effects Estimate (xf) Estimate (X2) 

Females Males Females Males 

Estimate (x2) Estimate (x2) Estimate (x2) Estimate (x2) 

Observed parameter variance 

Grade 7 status 23.11 

Rate of growth 1.75 

True parameter variance 

Grade 7 status 18.79" 216.5 

Rate of growth 1.14" 152.3 

Reliability of estimates 

Grade 7 status 0.78 

Rate of growth 0.65 

29.10 

2.64 

23.08" 
1.86" 

257.8 
185.6 

0.79 

0.70 

Correlation between grade 7 status and rate of growth 

0.67 0.63 

19.10 
0.87 

15.43" 
0.51" 

247.4 

131.8 

0.80 

0.59 

0.31 

22.43 
1.77 

17.61"* 
1.29" 

257.0 
193.7 

0.79 

0.73 

0.32 

18.20 

0 83 

14.23" 
0 44" 

222.8 
113.5 

0.78 

0.53 

0.39 

20.85 

1.63 

16.16" 
1.13" 

248.7 

173.5 

0.78 

0.70 

0.38 

Note. **p<0.01. The degree of freedom for the tests are 1088 for females and 1138 for males in the between-student models. The degree of freedom for the tests 
are 50 for both females and males in the between-school models. 



Gender Differences in Mathematical Skills 

T h e results s h o w e d that there w e r e n o stat is t ical ly s igni f icant gender d i f f e r e n ­
ces i n e i ther the g r a d e 7 status or the rate of g r o w t h across a l l three d o m a i n s . 

T h e est imates of o b s e r v e d a n d true parameter var iance i n the be tween-s tu-
dent m o d e l are p r o v i d e d i n the m i d d l e par t of Table 2. The estimates of true 
p a r a m e t e r v a r i a n c e for grade # 7 status w e r e c o n s i d e r e d f a i r l y re l iable i n that the 
r e l i a b i l i t y coeff ic ient , the rat io of true to o b s e r v e d parameter var iance ( R a u d e n ­
b u s h & B r y k , 1986), r a n g e d f r o m 0.79 to 0.82. T h e re l iab i l i ty coefficients for the 
estimates of t rue parameter var iance for rate of g r o w t h w e r e c o n s i d e r a b l y 
l o w e r , r a n g i n g f r o m 0.25 to 0.36. N o t e , h o w e v e r , that " l o w r e l i a b i l i t y does not 
necessar i ly m e a n lack of p r e c i s i o n " (Rogosa , B r a n d t , & Z i m o w s k i , 1982, p . 744). 
It is poss ib le to h a v e b o t h precise estimates of s tudents ' rate of g r o w t h a n d l o w 
r e l i a b i l i t y coeff ic ients of g r o w t h scores if s tudents ' g r o w t h is not reasonably 
d i s t i n g u i s h a b l e (Rogosa & W i l l e t t , 1983,1984; W i l l e t t , 1988). 

Stat ist ical s ign i f i cance of the differences i n true variances b e t w e e n males 
a n d females across the three d o m a i n s of m a t h e m a t i c a l sk i l l s w a s tested u s i n g 
H a r t l e y ' s F m a x statistic (Glass & H o p k i n s , 1984). The results revea led that 
females w e r e as h o m o g e n e o u s i n their rate of g r o w t h as males across a l l three 
d o m a i n s . I n o ther w o r d s , as s tudents progre sse d t h r o u g h se co nd a r y school , 
males a n d females s p r e a d out to the same degree i n a l l three d o m a i n s . H o w ­
ever , f o r b o t h males a n d females the var iances w e r e s ign i f i cant ly larger i n basic 
s k i l l s a n d k n o w l e d g e t h a n i n the t w o p r o b l e m - s o l v i n g d o m a i n s . B o t h males 
a n d females w e r e e q u a l l y h o m o g e n e o u s i n r o u t i n e a n d c o m p l e x p r o b l e m - s o l v ­
i n g . 

T h e c o r r e l a t i o n coeff ic ient b e t w e e n grade 7 status a n d rate of g r o w t h is a n 
i m p o r t a n t i n d i c a t o r of the nature of the g r o w t h . A l l correlat ions w e r e p o s i t i v e , 
s u g g e s t i n g f a n - s p r e a d g r o w t h patterns (Bryk , 1980). That is , s tudents w i t h a 
l o w g r a d e 7 status g r e w at a s l o w e r rate t h a n students w i t h a h i g h grade 7 
status. A l t h o u g h the extent of the f a n - s p r e a d w a s most p r o n o u n c e d i n basic 
s k i l l s a n d k n o w l e d g e (0.95 for females a n d 0.99 for males) , it w a s also apparent 
i n c o m p l e x p r o b l e m - s o l v i n g (0.82 for females a n d 0.89 for males) a n d r o u t i n e 
p r o b l e m - s o l v i n g (0.64 for females a n d 0.74 for males) . 

T h e b o t t o m p a r t of Tab le 2 contains the estimates of parameter var iance i n 
the b e t w e e n - s c h o o l m o d e l . T h e estimate of t rue parameter var iance for the 
average g r a d e 7 status a m o n g schools w a s f a i r l y rel iable (the re l iab i l i ty coef f i ­
cients r a n g e d f r o m 0.78 to 0.81). T h e est imate of true parameter var iance for the 
average rate of g r o w t h a m o n g schools w a s also reasonable w i t h the r e l i a b i l i t y 
coeff ic ients r a n g i n g f r o m 0.53 to 0.73. Schools w e r e cons iderably m o r e h o m o ­
geneous i n the f e m a l e average rate of g r o w t h t h a n i n the male average rate of 
g r o w t h i n each d o m a i n . F u r t h e r , for the female average rate of g r o w t h schools 
v a r i e d m o r e i n bas ic s k i l l s a n d k n o w l e d g e t h a n i n the t w o d o m a i n s of p r o b l e m -
s o l v i n g . F o r the m a l e average rate of g r o w t h , schools v a r i e d e q u i v a l e n t l y i n a l l 
three d o m a i n s . 

A l l corre la t ions b e t w e e n average g r a d e 7 status a n d average rate of g r o w t h 
at the s c h o o l l e v e l w e r e p o s i t i v e , i n d i c a t i n g fan-spread g r o w t h patterns. T h i s 
m e a n s that schools w i t h a l o w average g r a d e 7 status s h o w e d a s l o w e r average 
rate of g r o w t h t h a n schools w i t h a h i g h average grade 7 status. T h e extent of 
the f a n - s p r e a d a m o n g schools w a s p a r t i c u l a r l y p r o n o u n c e d i n basic s k i l l s a n d 
k n o w l e d g e (0.67 for females a n d 0.63 for males) . In contrast, the extent of the 
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f a n - s p r e a d w a s less p r o n o u n c e d i n c o m p l e x p r o b l e m - s o l v i n g (0.31 for females 
a n d 0.32 for males) a n d r o u t i n e p r o b l e m - s o l v i n g (0.39 for females a n d 0.38 for 
males) . 

T h e p a r a m e t e r est imates a n d their s t a n d a r d errors for the c o m p l e x g r o w t h 
m o d e l that d e m o n s t r a t e d the re la t ionships of grade 7 status a n d rate of g r o w t h 
to s t u d e n t - l e v e l a n d s c h o o l - l e v e l characteristics are r e p o r t e d i n Table 3. The top 
t w o r o w s of T a b l e 3 s h o w the adjusted estimates of g r a d e 7 status a n d rate of 
g r o w t h , w h i c h are the p r e d i c t e d va lues for w h a t is re ferred to as the t y p i c a l 
s t u d e n t (as d i s c u s s e d above) . The t y p i c a l female w a s a lmost e q u a l i n scores to 
the t y p i c a l m a l e i n g r a d e 7 status across a l l three d o m a i n s . T h e rate of g r o w t h 
of the t y p i c a l female w a s s i g n i f i c a n t l y l o w e r t h a n the rate of g r o w t h of the 
t y p i c a l m a l e across a l l three d o m a i n s . 

A g e a n d S E S w e r e s ign i f i cant ly related to g r a d e 7 status across a l l three 
d o m a i n s . S p e c i f i c a l l y , y o u n g e r s tudents (both females a n d males) o u t p e r ­
f o r m e d o l d e r s tudents , a n d s tudents w i t h h i g h SES o u t p e r f o r m e d those w i t h 
l o w SES . N u m b e r of parents s e e m e d to be m o r e i n f l u e n t i a l for males t h a n for 
females . M a l e s f r o m both-parent h o u s e h o l d s o u t p e r f o r m e d males f r o m s ingle-
parent h o u s e h o l d s across a l l three d o m a i n s . N u m b e r of s i b l i n g s w a s not s i g ­
n i f i c a n t for e i ther females or males across a l l three d o m a i n s . 

A g e w a s a lso s i g n i f i c a n t l y related to rate of g r o w t h across a l l three d o m a i n s 
w i t h the e x c e p t i o n of females i n r o u t i n e p r o b l e m - s o l v i n g . Spec i f i ca l ly , y o u n g e r 
s tudents (at the same g r a d e level) g r e w at a s i g n i f i c a n t l y faster rate t h a n o l d e r 
s tudents across a l l three d o m a i n s (except for females i n r o u t i n e p r o b l e m - s o l v ­
ing) . S E S s e e m e d to be m o r e i n f l u e n t i a l for females t h a n males . Females w i t h 
h i g h S E S g r e w at a s i g n i f i c a n t l y faster rate t h a n females w i t h l o w SES. F o r 
males S E S h a d n o effect o n r o u t i n e a n d c o m p l e x p r o b l e m - s o l v i n g , but males 
w i t h h i g h S E S g r e w s i g n i f i c a n t l y faster i n basic s k i l l s a n d k n o w l e d g e t h a n 
males w i t h l o w SES . W i t h one except ion , n u m b e r of parents a n d n u m b e r of 
s i b l i n g s h a d n o effect o n rate of g r o w t h for ei ther females o r males across a l l 
three d o m a i n s (for females n u m b e r of parents p o s i t i v e l y i n f l u e n c e d c o m p l e x 
p r o b l e m - s o l v i n g ) . 

S c h o o l s ize , s c h o o l m e a n SES , a n d s c h o o l l o c a t i o n w e r e u s e d as school 
c o m p o s i t i o n covar ia tes to account for v a r i a t i o n i n average g r a d e 7 status a n d 
average rate of g r o w t h a m o n g schools . F o r b o t h m a l e s a n d females s c h o o l size 
a n d s c h o o l l o c a t i o n w e r e not s i g n i f i c a n t l y related to average grade 7 status 
a m o n g schools . H o w e v e r , s c h o o l m e a n SES w a s a s ign i f i cant p r e d i c t o r of 
average g r a d e 7 status for b o t h males a n d females. Schools w i t h s tudents f r o m 
h i g h S E S o u t p e r f o r m e d schools w i t h s tudents f r o m l o w S E S . S c h o o l loca t ion 
w a s s i g n i f i c a n t l y i m p o r t a n t for average rate of g r o w t h , b u t s c h o o l size a n d 
s c h o o l m e a n S E S w e r e not s ign i f i cant ly related to average rate of g r o w t h 
a m o n g schools . S p e c i f i c a l l y , covariates of s u b u r b a n a n d r u r a l w e r e stat ist ical ly 
s ign i f i cant for females for basic s k i l l s a n d k n o w l e d g e a n d r o u t i n e p r o b l e m -
s o l v i n g ; females i n schools located i n s u b u r b a n a n d r u r a l areas g r e w at a 
s i g n i f i c a n t l y faster rate t h a n females i n u r b a n schools i n these t w o d o m a i n s . 
S c h o o l l o c a t i o n , h o w e v e r , h a d n o effect o n m a l e rate of g r o w t h across a l l three 
d o m a i n s . M a l e s g r e w at m o r e or less the same rate w h e t h e r they e n r o l l e d i n 
u r b a n , s u b u r b a n , or r u r a l schools . 

458 



Table 3 
HLM Results Explaining Variation in Mathematical Skills between Students and Schools in Grade 7 Status and Rate of Growth 

Basic skills/knowledge Routine problem-solving Complex problem-solving 

Females Males Females Males Females Males 

Estimated parameters 
Fixed effects Effect (SE) Effect (SE) Effect (SE) Effect (SE) Effect (SE) Effect (SE) 

Average within-student model 

Grade 7 status 59.79" (1.35) 59.89" (1.39) 55.96" (1.34) 55.78** (1.25) 55.74" (1.17) 56.74* (1.18) 
Rate of growth 3.75" (0.49) 4.19" (0.64) 1.65" (0.37) 2.42" (0.53) 2.03" (0.35) 2.34" (0.49) 

Effects of between-student covariates on grade 7 status 

Age -3.30" (0.56) -4.07" (0.48) -3.30" (0.47) -3.88" (0.43) -2.96" (0.49) -3.88" (0.43) 
Socioeconomic status 2.62" (0.36) 3.06" (0.35) 1.97" (0.30) 2.39" (0.31) 2.13" (0.31) 2.41" (0.31) 
Number of parents 1.74* (0.71) 2.29" (0.78) 0.98 (0.60) 1.90" (0.70) 1.31' (0.62) 2.18** (0.69) 
Number of siblings 0.09 (0.27) 0.37 (0.26) -0.01 (0.22) 0.34 (0.23) 0.03 (0.23) 0.35 (0.23) 

Effects of between •student covariates on rate of growth 

Age -0.64" (0.21) -0.80" (0.20) -0.24 (0.16) -0.47" (0.16) -0.43* (0.17) -0.72" (0.16) 

Socioeconomic status 0.56" (0.13) 0.45" (0.13) 0.22' (0.10) 0.06 (0.11) 0.41" (0.10) 0.15 (0.11) 
Number of parents 0.50 (0.26) 0.45 (0.31) 0.10 (0.20) -0.17 (0.24) 0.47* (0.21) 0.04 (0.25) 

Number of siblings 0.13 (0.10) 0.19 (0.10) 0.07 (0.08) 0.08 (0.08) 0.08 (0.08) 0.09 (0.08) 



Table 3 (continued) 

Basic skills/knowledge Routine problem-solving Complex problem-solving 

Females Males Females Males Females Males 

Estimated parameters 
Fixed effects Effect (SE) Effect (SE) Effect (SE) Effect (SE) Effect (SE) Effect (SE) 

Effects of between-school covariates on grade 7 status 

School size -0.01 (0.00) -0.00 (0.00) -0.01 (0.00) -0.01 (0.00) -0.01 (0.00) -0.01 (0.00) 
School mean socio­

economic status 4.75* (1.72) 6.56** (1.65) 3.86* (1.67) 5.71** (1.47) 4.42" (1.49) 5.71" (1.39) 
Suburban 1.38 (1.28) -1.43 (1.32) 1.12 (1.27) -1.34 (1.20) 1.22 (1.12) -1.33 (1.13) 
Rural 1.09 (1.30) -0.68 (1.32) 1.40 (1.29) -0.34 (1.20) 1.72 (1.13) -0.25 (1.12) 

Effects of between-school covariates on rate of growth 

School size -0.00 (0.00) -0.00 (0.00) -0.00 (0.00) -0.00 (0.00) -0.00 (0.00) -0.00 (0.00) 
School mean socio­

economic status -0.33 (0.65) 0.42 (0.76) -0.53 (0.49) 0.09 (0.62) -0.76 (0.47) -0.04 (0.58) 
Suburban 1.21* (0.47) 0.34 (0.61) 0.87* (0.35) 0.45 (0.50) 0.85* (0.34) 0.90 (0.47) 
Rural 1.17* (0.47) 0.15 (0.61) 0.75* (0.36) 0.21 (0.50) 0.62 (0.34) 0.31 (0.47) 

Percentage of parameter variance explained (between-student model) 

Grade7status 11.3 17.6 11.5 15.9 10.4 16.6 

Rate of growth 10.9 7.0 3.5 1.8 12.7 8.2 

Percentage of parameter variance explained (between-school model) 

Grade 7 status 68.2 74.7 54.1 72.6 68.5 75.8 

Rate of growth 42.7 18.6 16.3 16.8 21.5 25.4 

Note. *p<0.05. **p<0.01. 
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T h e b o t t o m part of Tab le 3 s h o w s the p r o p o r t i o n of parameter var iance 
e x p l a i n e d b y the covariates i n the m o d e l ( R a u d e n b u s h & B r y k , 1988). Est imates 
sugges ted that the c o m p l e x g r o w t h m o d e l w a s f a i r l y effective i n e x p l a i n i n g 
di f ferences i n b o t h average grade 7 status a n d average rate of g r o w t h a m o n g 
schools across the three d o m a i n s (for b o t h males a n d females) . A t the be tween-
s c h o o l l e v e l the p r o p o r t i o n of parameter var iance accounted for r a n g e d f r o m 
54% to 76% i n average grade 7 status a n d f r o m 16% to 43% i n average rate of 
g r o w t h . These p r o p o r t i o n s are of ten c o n s i d e r e d m e a n i n g f u l i n b e h a v i o r a l 
sciences ( C o h e n & C o h e n , 1983; R o s e n t h a l & R u b i n , 1982). A t the be tween-s tu-
dent l e v e l the p r o p o r t i o n of parameter var iance accounted for (across gender) 
r a n g e d f r o m 10% to 18% i n grade 7 status a n d f r o m 4% to 13% i n rate of 
g r o w t h . 

Discussion 
T h e present s t u d y is u n i q u e i n three w a y s . F irs t , it e m p h a s i z e d s tudents ' rate of 
g r o w t h i n m a t h e m a t i c a l s k i l l s (the d y n a m i c aspect of mathemat ics learning) 
rather t h a n the i r l eve l of s k i l l s i n one p a r t i c u l a r grade (the static aspect of 
m a t h e m a t i c s l earning) . S e c o n d , g e n d e r dif ferences i n the a c q u i s i t i o n of m a t h e ­
m a t i c a l s k i l l s w e r e e x a m i n e d t h r o u g h a n a t i o n a l l y representat ive s a m p l e . 
F i n a l l y , it u s e d H L M techniques to e x a m i n e v a r i a t i o n i n rate of g r o w t h a m o n g 
s tudents a n d a m o n g schools a n d the s t rength of the re la t ionsh ip b e t w e e n rate 
of g r o w t h a n d s tudent b a c k g r o u n d a n d s c h o o l c o m p o s i t i o n characteristics. 

T h e t w o p r i n c i p a l f i n d i n g s of this s t u d y are that males a n d females g r e w at 
the same rate across a l l three d o m a i n s (basic s k i l l s a n d k n o w l e d g e , rout ine 
p r o b l e m - s o l v i n g , a n d c o m p l e x p r o b l e m - s o l v i n g ) a n d that s tudents ' g r o w t h i n 
these d o m a i n s w a s consis tent ly fan-spread as they m o v e d f r o m grade 7 to 
g r a d e 11. T h i s m e ans that the v a r i a t i o n i n mathemat ics scores increased as 
s tudents progre sse d t h r o u g h s e c o n d a r y s c h o o l , a n d s tudents m a i n t a i n e d their 
i n i t i a l p o s i t i o n i n the d i s t r i b u t i o n . These results are s i m i l a r to those repor ted b y 
W i l l m s a n d Jacobsen (1990). 

There fore , there is m o r e ev idence n o w that s tudents become i n c r e a s i n g l y 
d i v e r s e i n the i r mathemat i cs a b i l i t y as they progress t h r o u g h secondary schoo l . 
T h i s s i t u a t i o n creates a ser ious chal lenge for mathemat ics teachers, p a r t i c u l a r l y 
i n senior h i g h schools . H o w e v e r , there are w a y s to a v o i d or reduce this p r o b ­
l e m . F i rs t , m a t h e m a t i c s teachers m a y c o n s i d e r the i d e a of "content d i f ferent ia ­
t i o n " as a w a y to d i v e r s i f y m a t h e m a t i c a l k n o w l e d g e levels to sui t the 
d i f f e r e n t i a l needs of s tudents ( N a t i o n a l C o u n c i l of Teachers of M a t h e m a t i c s , 
1989). S e c o n d , the h i g h corre la t ion b e t w e e n grade 7 status a n d rate of g r o w t h 
suggests that mathemat i cs teachers m a y use grade 7 status to locate s tudents 
w h o are l i k e l y to h a v e d i f f i cu l t i es i n mathemat ics d u r i n g the subsequent 
grades . E a r l y i n t e r v e n t i o n a n d s p e c i a l a t tent ion m a y then be ef fect ively 
d i r e c t e d to those s tudents . F i n a l l y , r e m e d i a l p r o g r a m s m a y be c o n s i d e r e d i n 
g r a d e 7 to o v e r c o m e s tudents ' p r e v i o u s d i f f i cu l t i es i n e lementary mathemat ics . 
O v e r a l l , m a t h e m a t i c s teachers m a y w i s h to m a k e certain that their s tudents 
h a v e a s o l i d mas tery of grade 7 mathemat ics . 

A n o t h e r i m p o r t a n t f i n d i n g of this s t u d y is that the extent of the fan-spread 
w a s m o r e p r o n o u n c e d for basic s k i l l s a n d k n o w l e d g e t h a n for b o t h rout ine a n d 
c o m p l e x p r o b l e m - s o l v i n g . T h u s it is a b i l i t y to a p p l y basic sk i l l s a n d k n o w l e d g e 
m o r e t h a n a b i l i t y to so lve r o u t i n e a n d c o m p l e x p r o b l e m s that separates s t u -
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dents i n m a t h e m a t i c s . T h i s f i n d i n g has three prac t i ca l i m p l i c a t i o n s . F irs t , rather 
t h a n o v e r e m p h a s i z i n g p r o b l e m - s o l v i n g , mathemat i cs teachers m a y w i s h to 
devote e n o u g h i n s t r u c t i o n a l t i m e (par t i cu lar ly i n grade 7) to basic s k i l l s a n d 
k n o w l e d g e . S e c o n d , the t each ing of p r o b l e m - s o l v i n g m a y incorporate effective 
r e v i e w s of bas ic s k i l l s a n d k n o w l e d g e . T h i r d , basic s k i l l s a n d k n o w l e d g e 
s h o u l d be m o n i t o r e d f requent ly , a n d r e m e d i a l measures s h o u l d be ava i lab le . 

W i l l m s a n d Jacobsen (1990) r e p o r t e d that the extent of fan-spread w a s 
greater for m a l e s t h a n f o r females . H o w e v e r , i n the present s t u d y females w e r e 
f o u n d to be as v a r i a b l e as males . T h i s i m p l i e s that gender differences i n f a n -
s p r e a d are m o r e l i k e l y to be a loca l p h e n o m e n o n rather t h a n a n a t i o n a l one 
( W i l l m s & Jacobsen u s e d a s a m p l e f r o m one C a n a d i a n school distr ict ) . T h i s 
f i n d i n g does n o t f i t w e l l w i t h the l i terature i n w h i c h gender dif ferences appear 
to be m o r e a g l o b a l rather t h a n a loca l p h e n o m e n o n ( M a , 1995). G i v e n that the 
e x i s t i n g l i tera ture o n g e n d e r differences m a i n l y examines s tudents ' status 
rather t h a n rate of g r o w t h i n mathemat ics , this s t u d y extends the l i terature i n a 
m e a n i n g f u l w a y — g e n d e r differences i n s tudents ' status i n mathemat ics m a y 
be a g l o b a l p h e n o m e n o n , whereas gender differences i n s tudents ' rate of 
g r o w t h i n m a t h e m a t i c s m a y be a l o c a l p h e n o m e n o n . 

A m o n g s tudent b a c k g r o u n d characterist ics e x a m i n e d i n this s t u d y , age 
w a s the m o s t s i g n i f i c a n t p r e d i c t o r of rate of g r o w t h i n m a t h e m a t i c a l sk i l l s (for 
b o t h m a l e s a n d females) , a n d SES w a s also a s igni f i cant p r e d i c t o r for female 
rate of g r o w t h . O l d e r female s tudents f r o m d i s a d v a n t a g e d soc ioeconomic 
b a c k g r o u n d thus n e e d m o r e h e l p i n their s t u d y of mathemat ics . N u m b e r of 
parents a n d n u m b e r of s ib l ings h a d n o effects o n rate of g r o w t h for either 
females or m a l e s across a l l three d o m a i n s . T h i s suggests that s tudents f r o m 
s i n g l e - p a r e n t f a m i l i e s or f r o m large fami l ies are not necessar i ly d i s a d v a n t a g e d 
i n the d e v e l o p m e n t of m a t h e m a t i c a l s k i l l s . 

T h e m o s t i m p o r t a n t f i n d i n g at the s c h o o l l e v e l is that the v a r i a t i o n a m o n g 
schools i n their average mathemat ics ach ievement increased o v e r t ime , a n d 
schools m a i n t a i n e d their i n i t i a l p o s i t i o n i n the d i s t r i b u t i o n . The average grade 
7 status of schools can , therefore, be u s e d to i d e n t i f y r o u g h l y those schools that 
m a y n e e d at tent ion a n d i n t e r v e n t i o n i n the teaching of mathemat ics d u r i n g 
later s e c o n d a r y grades . T h e extent of fan-spread a m o n g schools w a s m o r e 
p r o n o u n c e d i n bas ic s k i l l s a n d k n o w l e d g e t h a n i n b o t h rout ine a n d c o m p l e x 
p r o b l e m - s o l v i n g . Therefore , i t is basic sk i l l s a n d k n o w l e d g e rather t h a n p r o b ­
l e m - s o l v i n g that separates schools i n mathemat ics . Schools that successful ly 
e m p h a s i z e basic s k i l l s a n d k n o w l e d g e appear to be m o r e effective i n teaching 
m a t h e m a t i c s . 

S c h o o l c o m p o s i t i o n (school s ize , s c h o o l m e a n SES , a n d school locat ion) h a d 
n o effect o n m a l e rate of g r o w t h across a l l three d o m a i n s . W h a t d e t e r m i n e d the 
later status of a m a l e s tudent i n mathemat ics w a s the average grade 7 status of 
the s c h o o l i n w h i c h he e n r o l l e d . T h i s i m p l i e s that a t t e n d i n g t o p - p e r f o r m i n g 
schools is p a r t i c u l a r l y i m p o r t a n t for males to excel i n mathemat ics . Females i n 
schools loca ted i n s u b u r b a n a n d r u r a l areas g r e w at a s i g n i f i c a n t l y faster rate 
t h a n females i n u r b a n schools . T h i s indicates that a t o p - p e r f o r m i n g s u b u r b a n 
or r u r a l s c h o o l p r o v i d e s a far better chance for females to d o w e l l i n m a t h e ­
mat ics . O n e p o s s i b l e reason for these l o c a t i o n effects is that females are m o r e 
sensi t ive to s c h o o l e n v i r o n m e n t characterist ics s u c h as d i s c i p l i n a r y c l imate . 
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I n d i v i d u a l change or g r o w t h has been a research focus i n b e h a v i o r a l sc ien­
ces for a l o n g t i m e , yet " m a n y concerns ca ta logued b y H a r r i s (1963) s t i l l 
c o n t i n u e to t rouble quant i ta t ive s tudies of g r o w t h " (Bryk & R a u d e n b u s h , 1992, 
p . 130). Research o n i n d i v i d u a l g r o w t h has been p l a g u e d b y di f f i cu l t ies i n 
c o n c e p t u a l i z a t i o n , m e a s u r e m e n t , a n d d e s i g n . 

The development of hierarchical linear models, however, now offers a powerful 
set of techniques for research on individual change. When applied wi th val id 
measurements from a multiple-time-point design, they afford an integrated 
approach for studying the structure and predictors of individual growth, (p. 131) 

T h e present s t u d y demonstrates the usefulness of H L M techniques i n future 
s tudies of i n d i v i d u a l change . 

T h e v a r i a b l e s i n c l u d e d i n this s t u d y w e r e restr icted to var iables descr ip t ive 
of s c h o o l c o m p o s i t i o n . F u t u r e s tudies s h o u l d i n c l u d e var iables d e s c r i b i n g 
s c h o o l i n g processes s u c h as d i f f e rent ia l re tent ion rates, v a r i o u s c o u r s e - t a k i n g 
patterns i n m a t h e m a t i c s , a n d characterist ics of the mathemat ics c u r r i c u l u m i n 
a n a t tempt to u n d e r s t a n d better the rate of g r o w t h i n mathemat ics b y males 
a n d females . Researchers m i g h t also c o n s i d e r t r a d i t i o n a l c o m p o n e n t s of 
s c h o o l i n g processes s u c h as d i s c i p l i n a r y c l imate a n d s c h o o l l eadership as they 
relate to the rate of g r o w t h i n m a t h e m a t i c a l s k i l l s . Results f r o m these s tudies 
w i l l h e l p i d e n t i f y characterist ics of schools f r o m dif ferent perspect ives of 
s c h o o l l i fe that p r o m o t e better t each ing a n d , subsequent ly , l e a r n i n g i n m a t h e ­
mat ics b y b o t h males a n d females . 

Note 
1. The simple growth model contained three levels. The first level of the model (within-student 

level) was: 

Yijt - ItOij + ^lijigradejijt + ^ijt/ 

where Yjjj is the mathematics achievement score for student i in school j at occasion t, 
(grade)jjt is the grade that student i in school j was in before testing occasion t, and Rjjt is an 
error term. The second level of the model (between-student level) was: 

rtOij = ßoOj + uOij 

t l i j = ßoij + ulij/ 

where the ßs are intercepts, and urjjj and u ü j are error terms. The third level of the model 
(between-school level) was: 

ßoOj = <l>000 + vOOj 

ßoij = <k»io +voij-

The average initial status and the average rate of growth were represented as an average 
value (¢000 or ¢010), and an error term (vOOjo r v01j)-
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