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A STRUCTURAL MODEL OF’ SEX DIFFERENCES
IN MATHEMATICS ACHIEVEMENT USING
TETRACHORIC AND POLYSERIAL MEASURES OF ASSOCIATION

ABSTRACT

An extensive body of research indicates that men on’the average
achieve higher scores in mathematics thafi women. Despite this exteﬁﬁive
research, conclusions about sex differences in mathematics achievement
have suffered from: vat;ious inadequacies in the use qf measures of
association among éoursework experiences, sex, and other correlates of.
mathematics achievement. This paper addresses these issues by
estimating a latent-construct causal model of mathematics achie\)ement

with a mixed matrix of tetrachoric, polyserial, and product-moment

correlations.
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‘A STRUCTURAL MODEL OF SEX DIFFERENCES
IN MATHEMATICS ACHIEVEMENT USING
TETRACHORIE AND POLYSERIAL MEASURES OF ASSOCIATION  *

‘R

On tests of mathematics achievement, men, on the average, achieve

higher scores than women, but men and women typically start their high
school mathematics programs with equal mathematicel abilities (Armstrong, oy

1981; Pallas-and Alexander, 1983). Efforts to e;<p|éin why this

difference develops have resulted in an extensive body of research with
" no consistent conclusnons. Maccoby (1966) and Fennema and Sherman -

(1977) propose that th-is difference is due to differential socialization

processes. 1his ai‘éum“ent'is supported by Sherman (1980), who shows

» the importan::e of sex-role factors, as indexed by attitudinal variables,
\ in ‘the development of sex-related differences in mathematics achievement.
Benbow and Stanley (1982), however, find fewt sex differences in
attitudes and little relatlonshlp between attitudes and achlevement
Others have concluded the difference is due to the pattern of\ |
‘quantitative geursework taken by men and women (Pallas and Alexander,
1923:3; Wise, Steel, and MacDonald, 1979), yet Armstrong (1981) and
Benbow an.d Stanley (1980 1983) reject this hypothesis. Benbow and
Stanley (1980) favor the hypothesis that sex differences in achievement
;'esult from superior nale‘mathematlcal ability and are apparently
supported in their conclusions by the work of Geschwind (1982).
An anal'ytic approéeh often taken in this realm of research has -

been to examine differences between men and wémen in the extent to

which explanatory variables are correlated with mathematics achievement
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(e g., Fennema arnd Sherman, 1977; Pallas and Alexander, -1983). These
correlat;onal and regression analyses have been conducted using Pearson
product- moment c%rrniatlons and vet, at tlmes, have included dichotomous
or polychotomous variables. Thus, conclusions resulting from these
studies haVe suffered from various madequac:es in the use of zero- order
measures of assocna?fon. One such inadequacy involves the measure of
associ'ation b;tween sex ard variables such as those indicating enroliment
in mathematics courses. These latter variables are inclﬁded in studies as
measures of the extent of expcsure to mathematical 'concept'rs,v and. as
such, are dichotomous variables with assumed_un_derlying continuities.

~

Sex, however, has no underlying continuous distribution; as a result,

there is no ‘ideal measurs of the association between these variables and-

sex.

A s;cond inadequacy involyes measures of association among
dichotomous a’nd' ordered polychotomous variables =e\)é"n with assumed
underlying ;:ontinuities. Carroll (1961) a_nd Mufheﬁ (1983), among =
others, have shown that Pearson product-moment correlations
underestimate -the relationships among such.variaﬂb'les, particularly when’:
they are hig_ﬁly s_l_<ewed, .and suggest tetrachoric and polychoric
correlations as more appropriate measures. Olsson,. Drasgow, and
Doransa'(1982) support the use of tetrachoric and pclychoric correlation; '
in such situations, an_d go on to discuss a third area ln whhich inadequate
measures of association have been used. Their studies indicate that

Fearson correlations also underestimate the true relationship between

categorical variables with underlying continuities and continuous

o ST
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into account the correlational problem and the interpretive velue of a

N
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variables measured or interval scales. Again, the degree of
underestimation :is gre:ates’lt” for associations 'i'n\;olving highly skewed
variables. Olsson, et al. (1982) propose the use of polyserial
correlations :s more appropriate measures of a'ssooi§tion in these
lnstances'

The purpose of this paper is to estimate a latent-variable
structural equation model of the process o mathematics achievement,
including variables identified in earlier studies as being'signif_ica'htly

related to mathematics achieverhent.‘ To test for sex differences in the

process of mathematics achievement, the mode'l is’ estimated ‘separately for

- men and womerb and comparisons made between correspondlng parameter

-

°

< estimates. The model used here does not approach the complex1ty of

those of previous studies, But addresses the questlon of sex differences
in mathematics achievement in a new light, using.an analysis that takes

structural equation analysis. The model is estimated using the

unweighted least squares (ULS) method of L|ShEL (Joreskog and
gy

Sorbom, 1983) to analyze a mixed matrix &,{ tetrachoric, polyserial, and
Pearson correlation coefflc1ents

- THE STRUCTURAL MODEL . - '

u

.The model of the process of mathematics achievemen®. proposed in

this paper is a biock-recursive model, which is diagrammed in Figure 1.

Mathematics achieyement of high school seitiors is considered to be a

e
-

function' of mathematics and verbal abilities measured when the

1

respondents were sophorhores, attitudes toward mathematics, and
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‘exposure to mathematics. The mathematics and verbal ability variables .

. ~ . ” . .
are considered exogenous variables, which are correlated for reasons

, unanalyzed in this model. Attitudes‘toward mathematics and exposure to

mathematics form a block of endogenous variables, each considered .

-deoendent orﬁhe exogenous mathematics and ve_rbal ability variables and _

‘a residual dlsturbance term uncorrelated with the independent varlables

Nc causal nexus is speleled betWeen mathematics attitudes and exposure

While one mlght argue that enrollment in math courses is likely to_affect

attitudes toward mathematlcs, an eqﬁJally plauslble argument may be made .

b ]
that these attitudes affect decisions to enroll in math courses. Thus, -

speci Fymg any unldlrectlonal causal relatlonshlp between these factors

N

o
woylc be lnapproprlate. Thenr dlsturbance terms, however, are allowed

f

to covary, reflecting the extent to which the assoc1a‘f|on between them is’
not explained by their mutuaI causes exphc:t lh ‘the model In any

event, the effects of mathematics and verbal abilities on both of these

variables are expected to be 'positive. L T

[P SO
BN

Insert:Figure 1 About Here

b

| \ . .
Mathematics achievement is seen to be dependent on the two

exogenous. variables, the precedlng endogenous variables, and a
disturbance term that is specn‘led to be uncorrelated with the

independent variables. Positive effects on achlevement are expected from

-

T all predetermined variables. Mathematics exposure and mathematics

- . . ~

ability are expected to have the stron‘gest influence on mathematics

achievement. .

T
-
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THE DATA i

k]

Data for thrs study were drawn from the first folfow up of ngh

‘ Sehool and Beyond” (HSB), a nationwide, Iongltudmal study of high-

school sophomoresvand seniors in 1980 spensored by the National Center
for Education Statistics. For this .investigation, only the sophomore
cohort has been used' These data' are particularly appro'pr'i;ate for this

study in that they provide measures eof verbal and mathematics ability

when the r‘éapondents were sophomores, prior to enroﬂ\rnent in hlgher

level mathematics courses, and also provide a measure of mathematics

achievement taken when the same Urespondents were -seniors, after
cbmplétiné most of their high school mathematics program. A description
of these data can be found,iin the user's‘guid’e prepared by the Natfonal
Opinion Research Center (1983). The test battery for HSB was designed
in part to allow for the measurement of school efTects and cognitive

change in a longitudinal framework (Heyns and Hilton, 19’82) All test

scores used in these ‘analyses represent formula.scores that have been

_ corrected for guessing. -

pl.n the’causal model analyzed hére, the first exogenous varfable, i
mathematlcs ability, had a single manifest |nd|cator, SOP)HMATH and was
specified to be measured with perfect reIiabiIity'. SOPHMA']_;HV-,ls the
formula score of a 28-item Mathematlcs, Part 1, test taken ln 1980 by
high schooI sophomores It is a measure of mathematics ablllty for

<o
sophomore respondents prlor to the typical completlon of not more than

one year of algebra. Formula scores for this test ranged from -9.34
< - )

E,
U
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to 28‘. The vsecond exogenous Vvariable, verbal ability, was indexe'd by
two manifest v?riatgles, SOREAD and SOVOCAB, which are formula scores
of tests measuring readingtand verbal abi!ities.of the 1980 sophomore .
respondents. SOREAD is a 20-item test with scores rangin‘gb from -4.75
to 19, and SOVOCAB is a 21-item test wiith scg?es ranging from -5.25
to 21. : " . _’: e

The factor representing exposure to mathematlcs was measured by
four dichotomous variables |nd|catn}g enrdliment in high school courses in -

algebra 11,0 geometry, trigonometry, and calculus. These variables were

recoded such that a value of 1 indicated that they had-enro!led in the

£

course, and 0 indica.ted that they had not. Thus, higher scores on the

latent factor would indicate greater exposure to mathematical concepts,

while lower scores would indicate less exposure.

The attltude factor was’ indexed. by four vareables that are

responses to statements concernlng feelings toward mathematlcs classes

and assngnments. The respondent° were asked if ‘hey felt at ease in.

¥

mathematics‘classes', if d01ng math assignments makes them feel tense, if
mat‘h classes don't scare them, and if they dread mathematics classes.

T.hese dlchotomous varlables, ATEASE TENSE NOQCARE and DREAD

Q

respectlvely, were coded or recoded such that 1 represented a pos|t|ve

attitude, and 0 represented a negatlve one.

Finally, mathematics achlevement was measured by a single manifest
indicator, SRMATH, which is"the formula score on the 10-item -

Mathematics, Part 2, test from the sophomore cohort test battery. The

_test was ‘takeh du:zu;ng the 1982 follow-up survey, when the respondents

w

<

!\0
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were hlgh school seniors. Designed to measure achievement, this ‘test

had scores ranging from -3-33 to 10

The analyses reported here were based on 16,555 respondents who
did not.ha\}e learning disabilities and who had complete reports for-all of

the variables used in the analysis., There were 7643 men in the sample

and 89‘12 women. 7
- . METHODOLOGY

The covariance- structures causal model of the process of *-

Ry

mathematlos achlevement analyzed here is a general LISREL model’ deflned
‘Structural Equation Mode|° n=DBn+*+TE+ 7

Re

Measurement Model for y: vy = Ayn * e
& e s
Measurement Model for x: X AXE +'§ . T
In order to determine if thgprocess of mathematics ,aehieyement -

was the s"ame for men and women, the structural portion of the model

* was compared across groups. - The usua1 approach used to compare such

‘models is flrst to estlmate the model separately for the groups, applylng

maximum- ilkehl‘ood procedures\Qanalyze covariance matrices and -

°

- obtaining the structural parameter estimates therefrom L A comparison

s
of the co&ﬁe@ondmg parameter estimates can “then be made,by

[N

progressively applymg equallty constralnts, and examining the likelihood- =

ratiq chi-square statistic for evidence of deterigration in- the fit of the
. 0 . . .
model. The use of maximum-likelihood procedures, however, requires

>

hY

.-the” assumptlon -that the observed varlables have a multivariate normal

distribution. For the model proposed here, several manifest variables

.
1 . . ’

t
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are highly skewed, dichotomous variables, which. recessarily make the
. - S e ] y

- usual -approach inappropriate. . -, S

* {

»

Thus,, to determine if the process of mathematics achievement was __
< .

the,same for meri and women, vie had to employ an alternative method of
y ‘ T ' .

comparing coefficients across groups. We first génerated matrices
' o ‘ .
. qbnsisting of tetrac:hqric, polyserial, and .Pearson produ’quement

LN

correlations, obtaining more accyrate measures of the associations<among

a

the observed variablés than those providea by Pearson cbrrelatiqﬁs afone r
(Carroll, 4961; fMuthen; 19835 Ols‘son,"Drasgow, and Dorans, 1982). '
Using these matrices, the model was then estil;nated separately for-men

and women, utilizing the unweighted least squar.es (ULS) method in

(<3

- = .
LISREL. ULS ostimates are obtained by an iterative procedure that . -

minimizes a definite fitting function, which, Q.nlik_e the .fitting funetion .
b, ’
. . V¢ . » .
for maximum likelihood, is justified without distributio_nal assumptions for |

a

‘the observed variables. The only assumption necessary is_that the, .

£2Y

observed variables are measures of underlying latent normally distributed

. _ variables. An examination of the goodness-of-fit index, root mean .
square residual, and residual matrix for ‘each group gave an indication of

. . ) ¢
" the apparent fit of the model for eagch group.' To compare parameter

>

estimates across groups, the usual procedure would call for successively

appLyi_'pQ equality constraints to corre_spond'ing elements c‘% the structural

parameter matrices f8r men and women, and examining. the |'ik'e|ihood-'ratio

o

chi-square statistic for indications of-equaiify\ of slopes. Using ULS - \
estimaﬂ:é;‘., however, precludes this approach since methods are not \

‘available for . testing the significance .of changes in ULS measures of

»

a
)
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goodness-of-fit. Thus, at this. point we found it necessary to apply an
ad hoc procedure for comparin.g‘the two groups. .

Using the ULS estimates of the variances and éovariances of the

3

latent factors, the correlatlons among the atent variables were calculated

for ‘both men and'women. The model was then res estimated for both

~ groups usirg these correlations and ignoring the measurement portion of

- the model. Assuming a multivariate normal distribution among.the. latent

factors, maxir_num-likelihoocf estimates of the parameters and the -

.associated likeliho.ad-ratio chi-square statistic were obtained’.l Equality

constraints were then applied to corresponding elements of the ‘structurai

-

parameter matrlces. Points ‘at which significant changes appearcd in the -

-

chi-square statistic indicated \fhat parameters donstrained_at those points

were different for men and women. |t must be'emphasized that this was -

an ad hoc procedure, testing nnt. for equality between parameter

estimates for the full ‘model, but only for those estlmates obtained by

analyzing the matrices containing the correlations among the latent - .
’ e . ~=

factors. - ) ) E T ‘

," e RESULTS .

Raw« data for the 7643 men and 8912 women in the HSB survey who .

had complete reports for the variables were uséd in LlSREL to generate

a matrix’ o,f'tetrachoric,_ polyserial, and Pearson pt;oduct-mornent~

+ -

‘correlations for each group.. These matrices, showr? in Table 1, were

subSequentIy used as_input into LISREL, and ~ULS'estimates of the

-jvarlance structures model of the. process of mathematlcs achievement

were obtained for both men and women Goodness of-fit- |no|ces of .993:

<N . .

a

]
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and .990 together with root méan square resig!uals <;f .045 ;nd ~.050, for
men and women, respectively, indicated a fai'rly good fit of the model for
both men and women. 7"l'ht= correlations among the latent variables were
then computed for both men and women. These correlations, shown ivn
Table 2, were used:to re-estimate the models, ignoring the measurement

portion. Subsequent results reported here a#'q in relation to the

maximum-likelihood estimates among the latent variables.

The ‘structural parameter estimates, shown in Table 3, indicate as
expected that mathematics abi_lity and exposure to mathematics were the
most influential predictors of ma{h'ematics achievement. With regard to
the priedictorS‘ of mathematics éxposure and attitudes, it ha.d been
hypofhesized that- the effects from both mathematics and verbal ability
would be pasitive. in the event, it was found for both men and women.\‘
that verbal ability had a negative efféct on attitudes toward mathematics.

Apparently higher verbal abilities lead to less favorable attitudes toward

mathematics net of the influence of mathematics ability.

—

While all effects from predetermined variables on fnathematics

achievement were significant for both men and women, the parameter

¢
——

estimates were different for the two groups. At issue, however, is

13



11
whether these differences were due to'sampling erroi or to real
differences between men and women in the process of mathematics

‘achievément. To answer this question, each of the eight 'structural

coefficients was successively constrained to be equal between the groups.

Following each constraint, the difference in Iikeli.hood*ratio chi-square
s.tatistics from the more con;:frained to the ._|e55 constrained model was
computed', and when a significant difference occurred, the pérameter#
cbnstra.ined at that point were considered to be different. Those
variables would therefore be,.considered to interact with se* i‘n the:
explanation of mathematics achgevérﬁent.

The above procedure is admittedly ad hoc. In order to
: substantiate our conclusions about interactidns in the process of
mathematics achievement, wé went back to'the original measurement and
structural equation model, which had been estimated by the method of
unweighted least squares. Equality constraints for men's and Women's
structural parameter estimates Were then successively applied to the full
model. Since the chi-s;quare test is inappropriate for UL§_§‘estimates,
changes in the root mean square residuals were,examined.( In all cases
where previously we had found significant chi-square changes in the .
model ofllatent factor;, the root mean- square residuals for the full model
- were found to increase for Both men and women. Both methods,
therefore, led to the same conclusions about differences in structural
parameters between men and women. “

3 .

As a result of applying equality constraints across groups, four

structural coeffici_ents were found to be different for men and women.

«©
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These were the-effects 6f verbal ability on exposure to mathematics, of
verbal ability oﬁ attitudes‘tow;ard mathematics, of attitudes toward .
‘mathematics on mathgmatics achievement, and of mathematics ability on
: matljematics achievement. The influences of verbal ability in this model
are PartiCularly interesting, for there is an equally sfrong pos‘itive effect
of verbal ability on mathematics achievement for both sexes, but higher
verbal abilities lead to more positive attitudes toward mathematics, for men
"than for women. In turn, attitudes alsp have a stronger influence on
achievement for men than WOmen.&hus, taken in total, higher verbal
abilities lead to greater increases“in mathematical ability for men than for
women.
CONCLUSIONS

Based on a covariance-structures model of the process of
mathematics achievemeﬂrit and appropriate measures of the associations
among the variables in the model, we have found that this process
differs for men and women. | While the variables included in this model
do not exhaust the possible experiential c!,ifferences between men and |
women, the interactionls found bgtween sex and the variables included
indicate that the process for men and women is not simply ‘additive, and
may be more complicated\fhan previous researcher; have assumed.

The role of attitudes in the process of m_athematics achievement is
an example of the complexities involved. We found attitudes toward
mathematics to be less negatively influenced by verbal abilities for men

than for women, and, unlike Benbow and Stanley (1982), found attitudes

to have a significant influence on achievement that .is stronger for men
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than for women. We also found 'that men appear to take advantage of
prior mathematics ability to a greater extent than do worﬁen. These
.résults imply that questions about male-f‘emale dif-ferences in mathematics
achievement may have no meaning unless oneQasks the question in |
relation to specific vglues of prior ability and educational experiential ©
variables.

The causal model used in thi%study is by no means: the definitive
rqodel of the process of mathematics échievement. Other, equally
plausible,‘ models have been and will be used to explain why men and
women differ in mathematics.achAievement. Future researéhers{ howe_yEr,
should take particular note of the. possibility that the process of X
mathematics achievement ics not an additive one, and accordingly need_ to
take into account possible interactions between sex andl other explanatory
variables in the process of mafhem_atics achievement.

There is also the question of choice of measu'r;as of association. :
Since models of the process of mathematics achievement often include
dichotomous or ordered polychotomous variables, the use of- Pearson
product—m'o'ment correlation coefficients may underestimate the
relationships among'theﬁavariables, and tetrachoric, polych;arip, and
poiyserial corrzlation 'coefficients are the more: appropriate choices for »
méasures of association. The use of these correlations w}th LISREL at
;aresent, however, requires the application of ad hoc pro;:eé!urés in order
to compare structural coefficients across groups. Work in p'r"ogress,

however, should alleviate this deficiency in the near future.

Ee



FOOTNOTES

1. Although the desired procedure involves the comparison of
metric slopes across groups, we have here based our a‘n;Iysis on
standardized regression coefficients cal'cufated from a mixed matrix of
product-moment, tetrachoric, and polyserial correlations. The reason
should be obvious, since there is no direct relationship between
tetrachoric correlgfions‘ and thei;- corresbonding covaria.ices. One rﬁay'

) wonder whether analyzing standeirdized slopes has affected the results
T reported her: We do not think so. The standard deviations of the
variables inciuded in the model do not differ very much bet\;veeh men and

women; consequently, the relative magnitudes of the standardiz"éd and

metric coefficients across groups would be almost exactly the same.

17
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. Table 1, Product-Moment, Vetrachoric, and Polyserial Correlations for Variables in !
- Model of Mathematics Achievement; 1980 High Schoo! Sophomores ’

SOPHMATH . SOREAD  SOVOCAB ALG2 GE}) TRIG  CALC ~ SRMATH ATEASE - TENSE  NOSCARE  DREAD
‘ i

3

- SOPHHATH - L678 63 . 607 .6 6T 60 2 2k 22 13 210
B 6 L e T2 B S S SR % 0310
O R T I I T LN 00512
M . ST ase T e Y09, B2 691 5 a2 o 280
B ST SR VAR N 1/ SRS - S [ Y- B L S I
TRIG LA R RN - BB - R -1 AN BT U 360
CeNC .66 S0 e BB T3 89 e 60 T %0 % 3% |
ST LG8 W TR S35 STE 9S8 e 228266
ATEASE Ge s 0T 9 00 B8 5 200 e ST 6T W
TENSE G508 2 a2 08 % 281 L 695 N R
NSGRE . 07T 019 -0 06 009 2 5 0@ T2 e A
DREAD G891 L0 29 LT 30 32 99 60 L 5

Note: Corr.elations below-the main diagonal are for women (N = 8912);
- correlations abova the main diagonal are for men (N = 7643).
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. Table 2. Correlations Among Latent Factors in Model of

Mathematics Achievement

o

SOPHMATH - SOPHVERB MATHATT - MATHEXP MATHACH

SOPHMATH — .778 295 .695 .712
'SOPHVERB .775 e .195 663 645
MATHATT " .190 - .067 T aee .368 1324
MATHEXP 646 : .610 271 B
MATHACH 658 620, .197 621 -

Note: Correlations below the main diagonal are for women;,
correlations above the main diagonal are for men.
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>~ Table 3. Structural Coefficients for Model of Mathematics
Achievement for Men and Women
Dependent.Vaéiables
< - : . .
Predetermined Men - Women
Variables .
MATHATT MATHEXP MATHACH MATHATIx MATHEXP MATHACH
"y,  SOPHMATH - .363 .453 374 - 344 434 .304
SOPHVERB " -.088 311 .149 -.199 .274 .207
¥ MATHATT . o .080 .049
. bl . o v P
MATHEXP g : .285 . 2285
. R N s
Coefficient of o ' , ;
Determination .090 .520 ' .581 . .052 C 448 .515

c

- All coefficients are at lJeast twice their standard errors.
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ATEASE TENSE NOSCARE DREAD

) athematics - ‘ Mathématics\ ' \
OP.HMA TH_ Ability : '
athematics —» SRMATE
Achievemen :
OREAD o < -/ 7 '
’ : Mathematics |
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Figuré 1. . Structural Equation and Measurement Models of Mathematics Achievement




