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A two year longitudinal/cross-sectional preject investigated the
determinants of students’ decizions to enroll in advanced math courses,
with particular attention to the determinants of sex~differsantiated
course participation. Tnis study attempted to 1) plot developmental
shifts on psychological variables related to achievement attitudes, 2)
assess the relative importance of these varizbles for student decisions
and 3) identify the developmental origins of individual differences on
these variables, Wuestionnaires were administered to approximately 600
students in zrades 5-12, their parents and theip tezchers, School
record data and observational data were also gathered in the fiprst year
of the study.

Students' estimates of their math abilities, their estimstes of the

.

%alue of advanced math, and their perceptions of their parents' beliefs
about their math ability decreased with age. Students' estimates of
the difficulty of math increased with age. Plans to continue in math
were facilitated by hizh expectancies, high =zelf concept of math ability
and low estimates of future course difficulty. Sex differences favoring
boys were found on each of these scales, WBhils teachers' expectancies
did predict students! attitudes, teachers! expectancies were not sex-
differentiated. However, in classrooms where students' expectancies
showed the greatest sey differences, teachers provided less praise for,
and interacted less with, "bright" girls than wlith "hrightt boys.
Parents had no role model effect on their children's attitudes, but
parents!' belisfs regarding their children's abilities did affect
students! attitudes. Elthough parents did not state that their sons had

more ability, they [elt thsat their caughters had to try harder than



Competence in mathematics has long been identified as a eritical
8kill directly related to educational and Gececupational choices.
Mathematical skills are impoertant for admiszsion to many college majors,
for a number of prefessional occupations and increasingly for
computerized technical occupations. Yet compared to male students,
fewer female students elect to take mathematios beyond the minimal
reguirement. ¥While females may receive less encouragement from parents
and teachers, it is not the case that they are being systematically
excluded through discrimirutory course availability., On the contrary,
ali too freguently females choose not to take more advanced mathematics
courses {Sherman & Fennema, 1977; Fennema, HNote 1; Fox & Brody, Note 23
Sells, Note =),

The purpose of this research project is to investigate determinants
of students' course selection in mathematics. In most schools students
have the checice of whether or not to continue in math after cne year of
nigh school math. while some of the factors influencing this decision

might be impossible to ¢hange, such as parents! education or their

careers, other factors might be modifiable. Identification of these
modifiable_factcrs could lay the foundation for the design of
appropriate intervention programs aimed at increasing the likelihood of
students continuing to take mathematiocs.

It is clear from the volume of research on this problem that sex
¢ifferences in math achievement and course selection is of more than
recent concern. Past research has proposed the following explanations

for this problem:

Males outperform femzles on spatial problem-sclving tasks and



thelr sons to do well and believed that math was less important for
their daughters. In general, mothers had the greatest influence and
fathers nhad the least influence on students! attitudes regarding

mathematics, Teachers!' influences were interzediary.
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on other mathematics aptitude measures. Consequently, they are more
able to continue in math (Aiken,L., 1971; Astin, 1974; HMaccoby &

Jacklin, 1974; Wittig & Pedersen, 1979).

Males receive more encourazement than females from parents,
Teachers, and counselors to enrcll ir advanced mathematics courses or to
pursue math-oriented careers (Haven, 1971; Fox, Tobin & Erody, 1579;

Casserly, Hote Y4; Luchins, Kote 5).

Mathematics is commonly perceived as a male achievement
domain. Consequently, because of its potential ceonflict with their sex-
role identity, females are more likely to aveid mathematics (Ernest,
1975; Fennema & Sherman, 1977; Fox, 1975, Nash, 1979; Sherman & Fenncma,

1377; Stein & Smithells, 1960; Armstrong & Kahl, tote 8).

HMales perceive themselves as more competent and report greater
confidence in learning mathematics than females (Ernest, 1976; Fennemz &
Sherman, 1977; Fox, Tobin & Brody, 1976; fobitaille, 1978; Fox & Brody,

Note 2).

bach of these bodles of research has provided insights into the
nechanisms contributing to students'! math achievement behaviors. EREut
because researchers have approached this area of study from a variety of
theoretical perspectives and consequently have focused their researeh on
& subset of possible causes, there is no overriding theme linking

together these disconnscted findings. What is needed is a2 theoretical
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framework which acknowledges the complex interplay of these factors,
takes into account the scciocultural context in which mathematics
learning takes place and thus provides a more comprehensive approach to
this problem.

Decision, achievement and attribution theorists {e.z., Atkinson,
1964; Edwards, 1954; Weiner, 1972) have all addressed the issue of
cholce behavior, linking it to one's expectancy for success and the
incentive value of the task for the individual. Applying these theories
of behavior to students' decisions to continue taking mathematics, we
propose that enrcllment decisions are & joint funetion of =students'
expectations for their performance in a particular math course znd of
students' perceptions of the importance or incentive value of taking
mathemalics. An integrative model of math achievement and course choice
can aid in the identification of the determinants of individual
differences on these variables and the specification of the relation of

these differences tc course plans.

Figure 1 presents such a model. Within this model, choice is
influenced most directly by the students' values (both the utility value
of math for attaining future goals and the attainment or interest vaiue
of ongeing math activities) and the students! expectancies for success
at math. These variables, in turn, are assumed to be influenced by
students® geals and their concepis of toth their own math ability and
the task demands. Individual differences on these attitudinal variables
are assumed t¢ result from students' perceptions of the beliefs of major

sogializers, the students' interpretation of their past history of math
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performance and students' perception of approprizte behaviors and goals.

This theoretical model seems particularly relevant to the problem
of sex differences in students' course selection in mathematics. The
medel assumes that the effects of experience, namely past histcry of
grades in math, are mediated by the individual's interpretation of those
events rather than the events themsslves. For exanple, doing well in
math is presumed to influence one's sxpectancies to the extent that
deing well is attributed to one's ability. Past research has shown that
girls do as well in math as bcys throughout their formative years, yet
they do not expect to do as well nor are they as likely to go on in
math. This apparent paradox is less puzzling if one acknowledges that
it is the subjective meaning and interpretation of one's successes and
failures which determinre one's perceptions of the task and not the
objective outcomes themselves. The extent to which boys and girls
differ in their interpretation of outcomes and the extent to which they
receive cdifferential information relevant to these expectations might
account, in part, for the observed sex differences in students' course
selection in math.

The model also assumes that the decision to take mathematics is
made in the context of a variety of choices and is guided by core
values; such as achievement needs, compestency needs, and sex-role values
and by more utilitarian values such 28 the importance of math
achievement for future goals. Thus, if a girl likes math but feels that
the amcunt of effort it will take to do well is not worthwhile because
it decreases the time she will have available for more preferred
activities (i,e., activities more consistent with her personal values),

then =he will be less likely to continue taking math. If a girl
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stereotypes mathematics or careers involving competency in mathematics
as masculine and not in line with her cwn sex-role values, then she will
be less likely to value mathematics learning and less likely to continue
her mathematical studies, especially if she dces not expect to do well.

To test these hypotheses, a twc year ¢ross-sectional/longitudingl
project was designed with the following specific goals:

a) tne plotting of the developmental emergence of individual
differences on the various psychological factors selented
for study in the cross-sectional samples of fifth through
twelfth grade students;

b) the assessment of the relative importance of these factors
in mediating differential participation in mathematics; and

c) the identification of the develepmental origins of
individual differences on these variables.

The selection of specific variables for study was guided by the

theoretical model outlined above.

HESEARCH BESIGN AND METHODOLOGY

The project can be described azs = longitudinal and cross-sectional
study with the goal of identifying the developmental crigins and the
relative importance of various fastors which may mediate differential
partiéipation rates in mathematics by boys and girls. Our design is
basec on Schaie's General Levelopmental Model (Schaie, 19565). Schaie
statec that ®a response is a function of the age of the organism, the
conhort (total population of organisms born at the same point or interval
in time) to which the organism belongs, and the time at whiech

measurement occurs" {Schaie, 1965, p.%3). Furtaer, he suggested that in
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order to establish empirically the relative importance of each of these
factors in producing change, one must make the following comparisons: 1)
subjects of the same aze born in different Years must be compared in
order to gauge the effects of historical change; 2) subjects of
different ases must be compared to gauge the effects of age on
development; and 3) subjects' behavior must be neasured at two different
peints in time to gauge the effects of maturing one year. Our design is
based on this reasoning.

The project wzs executed in two phases over two years and entailed
the administration of guestionnaires to 668 students, their parents and
their teachers in grades five through twelve. Data were collected in
several forms: student record data, a student guestionnaire, a parent
questionnaire, a teacher guesticnnaire and classroom observations.
Information taken from each student's school record inciuded finsl
grades in mathematics for thne past four years (1975-1979) and
standardized achievement test scores.

The student questionnaire included measures of expectancies for
success, incentive values, perceived ability, perceived task difficulty,
sex role identity, sex sterectyping of math as a nale domain, perceived

cost of success and causal zttributional patterns. In additien,

M

fmieasures of the children's perceptions of their parents' and teachers!
attitudes regarding the children's abilities were included. & copy of
the questionnaire and major scales with alpha coefficients are included
in Appendix L ana Appendix &, respectively. In some cases these scales
were factor analyzed using a2 maximum likelihood factor analytic
procedure developed by Joreskog & Sorbom (197¢). These Factor scales

were used¢ primarily as summary variables for the path analyses. The
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items comprising each factor and the factor loadings are included in
Appendix A. Several additional composite scores were formed for
specific anaiyses. These are discussed where appropriate in the
presentation of cur findinzs. A summary of =211 major measures is
displayed in Table 1.

Tnsert Table 1

- o = mn e o ome

Parents completed a similar battery assessing atititudes for both
themselves and their éhildren. & copy of the guestionnaire is included
in Appendix E, A listing of the scales with alpha coefficients are
included in Appendix &.

Teachers completed a brief questionnaire assessing their beliefs
about the causes of the sex-differentiated participaticn rates and their
judgments of each child's ability and performance. Copies of the
teacher measures are inciuded in Appendix E.

The observational system used was a modified version of bBrophy and
Good's (hote 7) and Dweck's (1473) systems. Observers coded
interactions between tezchers and individual students during ten
classroom sessions. Classrcom observations were designed both to
describe the social milieu of the classrcom and the teachers' behavior
toward the class as a unit, and to look at specific interactions between
mathematics teachers and student subjects. An overview of the
coservational system is included in hppendix A.

During the first year of the study the measures were administered
to a sample of students in grades 5-11. Eecause Junior high school has
been sugpested as a particularly ecritical period for the formation of

high school course plans and because many of the analyszes of the
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observational data were to be based on the classroom as the unit of
analysis, particular attention was paid to seventh and ninth grades.
Thus, the eighteen mathematics classes observed included two 5th grade
classes, one 6th grade class, eight Tth grade classes and seven 9th
grade classes.

During the second year, 44% of the first year sample was relocated.
Siightly modified questionnaires were administered to the relocateqd
students, their current mathematics teachers, and their parents, Of the
parents relocated, 45% returned their second questionnaire. Because of
this low parent return, the second year parent data were not analyzed.
During the second year, an additional control group of students was
drawn from the schools sampled during the first year of the study. This
sample included students in grades 5-12. Selection of this sample
allowed for the comparisons cutlined by Schaie, discussed earlier and in
Appendix €. There were no classroom observations in Year 2.

The analyses based on the suggestions of Schzie (15565) and
Nesselroade and bBaltes (1974), outlined in more detail in Appendix G,
indicated that the control sample and the main sample did not differ.
Based on these results énd on the fact that the cuestionnzire had been
motilfied slightly from Year 1 to Year 2, the Control and Year 2 sample
were merged; Year 1 and Year 2 data were analyzed separately, except for
the longitudinal analyses.,

In addition to the appendices already noted, tables detailing
distributions of subjects and participation rates, a more detailed
description of the general analytic procedures and a more complete
discussion ¢f variable selection and hypotheses are included in the

appendices.
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Student Attitudes and Course Flans
Lescriptive Anzslvses.

Tc assess the effects of grade and sex on the student variables,
analyses of variance using grade and sex as the independent variables
were performed on each of the student scales. Table 2 presents the
means assoclated with these analyses for the Year 1 and Year 2 samples
Table 3 summarizes the results of the analyses of variance,

- em m A o e = o o e e

Insert Tables 2 & 3

Lescriptive apalyses: Sex. Few sex differences emerged. Compared to
girls, boys rated their math ability as higher and perceived their
parents as having slightly higher estimates of their ability even though
there had been no difference between the past math performances of these
same boys and girls. In addition, boys in Year 1 rated both their
current math c¢ourses and advanced math courses as easier than did the
girls. bBoys and girls did not differ in their perceptions of their
parents' expectancies for them nor in their percepiions of their
parents' estimates of the difficulty of current math courses. In
looking at the expectancies these students had for their performance in
mati, we found little or no sex differentisl in their expectancies for
success in thelr current math courses; but boys did have higher
expectancies than girls for success in future math courses. Both boys
and gzirls might have based their current expectancies on recent
cbjective evaluations of their performance, i.e., last year's math

grade. but expectancies for the future may depend not only on these
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objective outcomes, but also on their more general perceptions of their
ownt ability and the difficulty of math. As was mentioned earlier, boys
and girls did perceive both of these factors differently. These
differing perceptions should be reflected in the attributions assigned
to success and failure experiences.

Beys and girls differed in their attributional patterns for success
and failure in math achievemeni situstions. Chi square tests of sex by
attributions in both years indicated that boys attributed failure less
to ability than did girls (Year 1: X2 = 9,76, p<.035; Year 2: X2 = $.77,
0<.05) and boys attributed success more to ability than girls did {Year
T X2 = 7.99, p<.05; Year Z: X2 = 16.0, p<.05). In addition, girls
attributed success more to consistent effort than did boys (Year 1: %2 =
8.80, p<.05; Year 2: X2 = 5,733, p=.016). lhen students in the Year 1
sample were divided into expectancy groups (low, medium or high), this
difference between boys' and girls' attributions was especislly marked
for the high expectancy students. Within the high expectancy group,
girls attribufed their failure more t¢ lack of ability and their success
less to ability than did boys {X2 = 6.95, p<.05). High expectancy girls
also attributed their success more to consistent effort than did boysa
(12 = 11.03, p<.05).

These differences in attributional patterns reflect very different
perceptions of the task demands of math which may, in turn, affect a
student's expectations for future success. The girl for whom consistent
effort is seen as a more important cause of her successes than.ability
coule have low future expectancies because future courses are considered
mere difficult, demanding even more effort. The amcunt of effort she

can or is willing to expend has limits. Conseguently, percepticns of
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the need for even greater effort may lower her expectancies for future
success in math and predispose her against continuing to take math. The
same dynamics would not apply to a boy who views his ability rather than
nis effor hists as the more importani cause for success in math. He
might assume that his ability will allow him to continue performing well
with little or no additional effort.

beseriptive analyses: Grade. Grade effects were both more numerous and,
in general, stronger than sex effects. What emerges from an inspection
of Table 3 is a sense that children become more pessimistiic and negative
about math as they grow older. The older children had lower
expectancies for both their current and future math performance, rated
both their math ability and math performance lower, saw both their
present.and future math courses as more difficult, thought their parents
shared these pessimistic views of their abilities and performance
potential, were less interested in wath activities in general, liked
their math teachers less and rated the utility of advanced math courses
as lecwer than the ycounger children. For most of these variables, there
was =z consistent downward linear trend as a function of grade with the
giris preceeding the boys. No consistent grade by sex interactions
emerged,

LDescriptive apalyses: Genersl. Several additional findings emerged that
are of interest. Lach are discussed in this section.

A1l students rated math as more useful for males (Year 1, M=5.60;
Year 2, [=5.03) than for femzles (Year 1, M=2,98; Year 2,
p<.0001 in each year). Students did not, however, rate males as having
more math abllity, The sterectyping of math as exclusively useful for

males (calculated by subtracting the usefulness fco women score from the



FINAL REPORT - 12

usefulness for men score and hereafter referred to as the stereotyping
of math as a male domain) dropped from Year 1 to Year 2. This drop was
due largely to the increase in the rating of the usefulness of math for
women from Year 1 to Year 2. Keither grade nor sex influenced these
results.

we had the 10th-12th grade, Year 2 students rate the amount of
encouragement to continue in math they had recsived from each of the
following sources (listed in descending corder of their mean
encouragement score): father, mother, iast year's teacher, guidance
counseler, older friends, siblings and peers. Of these, conly fathers,
nothers and previous math teacher were perceived as having sencouraged
the students. The other individuals were perceived as having neither
encouraged nor discouraged the students. Peers were npoi seern as having
discouraged the students' decisicn. One sex difference emerged: boys,
in comparison to girls, felt that their counselor had provided them with
more encouragement (p<.05%). Counselor encouragement did not, howsaver,
predict future courze plans.

The students also rated the importance of varicus reasons in
influencing their decision to take math. Three reascons emerged as the
most influential: preparation for either a college major or carecer,
gaining admissicn to a prestigious college and the importance of math in
2 well rounded education. Intrinsic properties of math, such as its
challenze, ease, or interest value were clearly less important. One sex
difference emerged: boys rated the importance of future plans {(colliege
or career) in their decision higher than did girls (p<.01).

Kelztional Anslyses.
helagtional analysesy Sex-role measuresg., Several researchers have
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suggested a mediating role for the stereotyping of math as a male
domain. To evaluate this hypothesis and its many variations, we
correlated the students' rating of the usefulness of advanced math for
both males and females, their percepticn of math as being more useful to
males, their sex stereotyping of math zbility and their ratings of
themselves on a zimplified version of the PAQ {Spence, Helmreich &
Stapp, 1975) with the other student measures. These correlations are

displayed in Tables L-7.

= wr m mm wm e e E e o=

Femininity as measured by the PAG did not relate to any of the
student measures in either Year 1 or Year 2. Masculinity related
consistently and positively to measures of expectancy and self-concept
of math ability for voth boys and girls but did not relate to girls?
intention to continue in math. The fact that masculinity was sco
congistently related to self-concept of math ability in both boys and
girls suggests that it is actually measuring a fqrm cf self-confidence
or seli esteem rather than sex-role typing. This conclusion, whiech is
in line with recent suggestion of several other researchers in the field
of androgyny, e.z., Locksley & Colton (197%), makes the use of the PAQ
or other personaliiy inventories as measures of sex-role identity
suspect.

Further support for this conclusion comes from our analyses of the
multivariate continzency tables. The variables used in these analyses
included the sex-role typing of the individual {nevter, feminine,
mascuiine or androgynous, formed using the median-split procedures

cutlined by Spence, Helmreich & Stapp, 1974), the sterectypinz of math
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as a male domain {(neuter, moderately masculine or highly masculine,
formed using a composite score of the sex stereotyping of math's
usefulness and of math ability), sex of student and each of the
follewing student attitudinal variables: self-concept of math abiiity,
concept of task difficulty, concept of the value of math, estimates of
the utility of math for future goals, current expectancies znd interest.
£ student's sex-rocle classification had no signifieznt influence on any
of the dependent measures. This finding, in conjunction with the
correlational findings reported above, suggests that it is only the
responses to the "masculine® items that are related to self-concept.
Sex~role fyping as conceptualized by researchers on androgyny is ncot a
eritical factor. This finding does not, however, invalidate the
significance of & student's sex-rcle identity as an influence in his/her
course selection. What it does suzgest is that the psychological
meaning of a high score on the masculine PAQ items needs
reconceptualization.

Responses fo the usefulness items yielded several interesting
findings. First, while math was seen as more useful to men, the
magnitude of this stereotype decreased over the two years of our study.
Given this decrease and the difficulty in its interpretation, we
correlated the Year 1 stercotyping measures with both Year 1 and Year 2
attitudinal measures; the Year 2 stereoctyping measures were correlated
only with the Year 2 student measures. The zero-order correlzstions
within year (Year 7 with Year 1 and Year 2 with Year 2) are displayed in
Tables 4-7. The correlations of Year 1 stereotypes with selected Year 2
student measures are summarized here,

in Year 1 the usefulness of math for females was generally not
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related to other variables. It was, however, negatively related to two
measures of the value of math for both boys and girls. Seeing math as
useful for women did not increase its value for girls as one might
expect. Instead it was the usefulness of math for males that predicted
positively its value for both boys and girls as measured by interest in
math (r=.38), importance of doing well in math {r=.44), and the utility
of advanced math (r=.38). One could conclude from these data that the
stereotype of math as a male domain has a positive effect for everyone
and ought to be encouraged; but Year 2 data revealed some interesting
changes in these relations.

What is striking about the results of Year 2 is that, for both boys
and girls, the stereotyping of math as useful for eifher men or women
yielded identical patterns of relations: the higher the rating of
usefulness, the higher the students ratings of future expectancy,
current expectancies, interest, utility, self-concept of ability, and
concept of the value of math., Further, the sterectyping of math as a
male domain wzs not related to anything. Recall that stereotyping of
rmath 2s a male domain had dropped from Year 1 to Year 2. These data,
taken together, suggest that wath is either hecoming less sex~-typed or
that students are less willing to report sex-typed attitudes.

To test whether the effects of stereotyping math 2s z male domain
had disappeared, we correlated Yszar 1 sex-typing guestions with Year Z
attitudes. What we found was guite interestingz. TYear 1 sex-typing
measures correlated in exactly the same pattern with Year 2 measures of
the value of math as they had with Year 1 measures of the value of math.
Fast sex-typing was still influencing attitudes even if current sex-

typing was not, Further, the Year 1 and Year 2 measures of the
& o ¥
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stereoctyping of math as a male domain did not correlate with each other
and the correlation of the perceived usefulness of math for women in
Year 1 correlated negatively with the perceived usefulness of math for
poth women (r=-.38) and men (r=-.23). This shift in the use of the
scales was not apparent in the correlations of the Year 1 measure of the
perceived usefulness of math for men with the Year 2 variables.

This strange set of findings led us to gquestion the validity of the
responses of the Year 2 sample to our sex-stereotvped questions and left
us with one major conclusion: stereotyping math as a masculine domain
did not have an adverse effect on girls! math attitudes or course plans,
Results from our multivariate contingency table analyses provided
furiher support for this conclusion. HNeither sex, nor personal sex-
typing (neutral,feminine, masculine or androgynous) had any consistent
effect on the dependent measures tested. The sterectyping of math as a
male domain did; people who sterectyped math as a male domain saw it as
having higher future utility, being more enjoyable and in general being
more valuable.

Hash (1974) and others, ourselves included, have suggested that one
must take account of the sex of the individual, the sex-typlng of the
ingdividual and the sex sterectype of math in order to explain math
achievement behaviors. Admittedly, the FaG dces nobt appear to be a good
measure of sex-iyping and thus may not allow for a truly adegquate test
of' this hypothesis. HNonetheless, using our measures, we found little
evidence for the need of an interactive model te explain relations among
these variables in our sample., Three-way interactive effects emerged
enly in the analysis of the concept of the value of math. In this casze,

only one cell of the multivariate contingency table had =z higher
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frequency than one would expect by chance: girls who valued math highly
perceived themselves as neutrally sex-typed and saw math as moderately
male sterectyped. The other célls, wnich one would &xpect to support
commonly predicted relations, did not have unusually high or low
freguencies.

Helatignal analyses: Students' atfitudinsl items., We assessed the
relations among the student attitudinal variables by correlational znd
multivariate contingency table analyses, The zero-order correlation
matrices for each year are presented in Tables 4-7. As predicted, in
each year self-copncept items were positively correlated with each cther,
with future expectancies and with intent to continue in math; they were
negatively correlated with ratings of task difficuliy. Selif-concept
items were alsoc related positively to the value of math items and
negatively to the cost of math participaticon items. Generally, thess
relations were true for both boys and girls.

To assess the origin of these attitudes we correlated the student
attitudinal measures to teacher behavior, parents' attitudes and
beliefs, and to a composite score reflecting both past math grades and
performance on either the CAT or MAT (CHMAAPT). The analyses relating
the student measures to the socializer measures will be discussed in
later sections. The relation of the math aptitude score to the other
student meazures varied depending on the sex of the student. Boys' past
maih aptitude was consistently related to their self-concept measures;
girls' past math zptitude scores were not.

Helational aznalyses: Path analyses. Path analyses were dons separately
for the Year 1 and Year 2 samples. These paths are depicted in Figures

2 and 3. Since the Year 2 sample included over $0% of the Year 1
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students, and since the questionnaire had been improved based on Year 1
data, only the Year 2 data are discussed here. In additicn, since the
meazure of stereotyplng math =25 a male domain appeared to be reactive in
Year 2, the Year 1 measure was used to provide the maximal likelihood of
sex-typing effects to emerge if they were in fact influencing students?
math attitudes. Path coefficients were calculated using z series of
regression egquations with sach variable regressed on the set of
variables to its left (those theorized t¢ have had a causal effect on
it). The standardized betz weights derived from the appropriate
regression analyses are the path coefficients and reflect the rslative
strength of the relations specified by each path. Figure 2 represents a
reduced path model for Year 1. For a more complete picture of
relaticns, all paths significant at p<.05 were included. Figure 3,
depicting Year £ data, represents a reduced path model depicting only
those path coefficients significant at the p<.01 lesvel or better. Less
significant patns were omitted for clarity of presentation. These

omitted paths paralleled tne effects depicted in Figure 2.

Ag predicted, intentions to continue taking math were most
directly influenced by a student's concept of the value of math and his/
her combined expectancies (current and future). These concepts, in
turn, were related to the student's zelf-concept of math ability and
his/her estimate of parents' and teachers' beliefs regarding his/her
math avility. Past history of math grades and performance on math
achievement tests did not have a direct effect on the student's plans,

expectancies, self-concepts of math abilities or estimates of the
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difficulty of math. In addition, as predicted, stersotyring of math as
a male domain increased the value of math., Among the 10th-12th graders
seeking a career requiring math alsoc increased math's value. To our
knowiedge, these data provide some of the strcongest support available
for a cognitive medizstional model of achievemenit attitudes and course
plans.

In summary, the proposed model provides an adequate explanation of
these data. The variables included in the model explain 32-36% of the
variance in intentions to take math. The path diagrams show graphically
that intentions to continue in math are indeed affected by one's
expectancies for success and one's assessment of the persconal value of
math. These, in turn, are mediated by one's perceptions of ocne's
ability and task difficulty. This pattern suggests that to be
effective, an intervention program designed to promote higher math
participation should focus on neightening girls' expectancies for
success in math achievement situations, promoting more realistice
estimates of task difficulty, providing the girls with accurate
information regarding the utility of math for their futures and working
to increase the intrinsic interest value of math. Since sex-typing math
as a mazle domain did not appear to have detrimental effects on girls'
plans or attitudes toward math, our dsta sugzest that programs aimed at
decreasing the stereotyping of math as a male domain wilil not be
effective in inecreasing girls' participation in advanced math.

. Lepgental Orici

- : Effects.
The effects of tLesachers' expectancies on their students'

performance have been stucied extensively since the publicatiocn of
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Kosenthal and Jaceobson's Pyvemalicn in the Classroom (1958). While their
results have been difficult to replicate, research by Ercphy and Good
(1974) has shown that teachers' naturally occurring expectancies for the
students in their classrooms affect the kinds of interactions tezchers
have with their students and that these interactions can affect the
children's achievement. Of particular importance to our study is that
teachers were found to treat girls for whom fthey have high expectancies
in ways that were less facilitative of achievement than the way they
treated comparable groups of boys.

another mechznism that might explain girls' lower expectancies for
success has been proposed by Dweck and her colleagues (Dweck, Davidson,
delson, and Enna, 1978). Their model emphasized the importance of the
relative proportion of praise and criticism allocated by the teacher to
academic work versus the form of the work and the student's conduct.
They argued that boys receive frequent criticism for non-academic as
well as academic behaviors and consequently can discount these negative
evaluations as indicators of their own abilities. Girls, in contrast,
receive less criticisw than boys, and when it cocours it is directed
specifically to the guality of their academic work. Eecause of its very
specific use, they sugsgested criticism cannot oe discounted as eagily by
the girls. & similar though reversea pattern was proposed for praise.
in zadition, they sugsested that teachers are more likely to atiribute
boyst failures to lack of effort than to lack of ability, thus further
reinforcing the boys' sense of control and confidence,

Based on these studies, we mzde the following hypotheses: (a)
teachers' behaviors would influence students' expectancies for success;

(b} students who received positive feedback would have higner
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expectancies for success than those who received negative feedback; {(c)
boys would receive more indiscriminate criticism (eriticism toward both
the quality and form of their academic work and toward their conduet)
than girls; (d) girls would receive more discriminate criticism
{ecriticism directed only to the quality of their work) and more
indiscriminate praise than boys; and (e) teachers' attributions to
effort would influence students’ expectancies positively.

A Sex X Grade X Expectancy group (High,Low) analysis of variance
(uging the classroom as the unit of analysis and using scores
standardized within each c¢lassrcom) was done on each of the 51 classroom
variables listed in Table 8., GFf the 51 variables, significant effects
(p<.01} were found on only 3, each of which was a main effect due to
sex. Girls received consistently less criticism than did boys.

Ak e M e o e o

Insert Table 8

Contrary to our predictions, teachers did not give more positive
feedback to students in the high expectancy group, and boys and girls
aid not differ in the amount of diseriminate and indiseriminate praise
and criticism they received for the quality or form of their work, or
their conduct. Wo support was found For the suggestions of Dweck et
al. (1978). The only significant main effect of sex on evaluative
feedback was the amount of criticism from the teacher directed towarg
the work and toward the guality and form of the work combined; girls
received less work-related criticism than did boys, and less criticism
tc the guality plus form of their work., Surprisingly, boys and girls
¢id not differ in the amount of criticism directed to their condust or

on any of the forms of praise. furtner, in a series of stepwise
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regression analyses, classroom interactional measures did not emerzge as
significant predictors of student attitudinal variables. However,
teachers' expectancies, measur=d by the teacher questionnaire, were
predictive of student expectancies. Thus, while the proposed relations
between teachers' expectancies and students' expectancies were
supported, the mediating effects of classroom behavior on expectancies
vere not demonstrated.

The analyses reported thus far were performed on the entire sample.
It is possible that the effects of classroom behavicrs are dependent on
teacher style. For example, some teachers may freat boys and zirls
differcntly while others may not. By collapsing scross all of our
teachers, these effects would have been masked. To explore this
pessibility, we selected from the sample the five classrooms with the
largest sex differences in the students' =zelf-reported expectancies and
the five classrcoms with no significant sex differences in expectancies
and reanaylzed the data using raw freguency scores to allcw for
classroon COUparisons,

ks was true for the previous analyses, most variables did not yield
significant differences. Hone of the variables predicted by Dweck's
model yielded classrcom-type effects. Those effects that were
signitfiicant were divided into three types: behaviors charactericstic of
teacher style (teacher vehaviors under primary control of the
teacher,e.z., use ¢f praise following a correct answer), behavicrs
characteristic of student style (penaviors under primary control of the
student, e.g., stuaent initiated dyadic interactions), and behaviors
dependent on both teacher and student style {behaviors requiring

interactive reponses of both the teacher z2nd the student, e.g., total
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dyadics). These differences are summarized in Tables Y and 14G.
Clearly, these classroom types differed in the dynamics we observed (zee
Table 9). Teachers in high sex-differentiated classrooms were more
criticél were more likely to use a public teaching style and less likely
to rely on more private dvadie interactions, and were more likely to
rely on student volunteers for answers rather than directing the class
participation by calling on specific children.

Inzsert Tables ¢ & 10

m— dm wm am wm wm e o e e o

Table 10 summarizes the effects of student sex on classroom
interactions as a funciion of classroom type. Girls interacted more,
received more praise and had higher expectancies in the low Sex-
differentiated classrooms. FEoys, on the other hand, interacted more and
received more praise in the high sex-differentisted classroonms but had
equal expectancies in both classrooms.

fhese data suggest that teacher praise is facilitative of giria'
expectancies for success in =math. To test this hypothesis, we
correlated teacher praise and the other teacher-style variables which
discriminated the low from the high sex-differentiated classrooms with
the following students' attitudinal variables: future expectancy,
current expectancies, self-rated ability, interest in math, plans toc go
cn in math, utility of advanced math, ratings of the difficulty of their
Present and future math courses and their sterectypes of the sex-
linkage. The correlations are presented in Table 11. Few correlations
were signifiicant. £As was true with the whole szmple analyses, teacher's
expectancles had the most significant effscts. Variables discriminating

the class types did not predict girls! expectancies, plans or estimates
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of their own abilities. Response opportunities and pumber of cpen
questions did, however, relate positively and consistently to items
tapping positive affective reactions to math in general and to this

class in particular.

L

Insert Table 11

We next divided the sample into two additional groups: those
students for whom the teacher had high expectancies {"brizht" students)
and those students for whom the teacher had low expectancies. The
results of these analyses are summarized in Tables 12 and 13. Iin
general we found that both "bright® males and "bright" females were
treated differently in each of the two classroom types. "Eright® girls
interacted the most, ansuwered more questions, received more work and
form praise and less criticism in the low sex-differentiated classrcoms.
In contrast, "bright" boys were accorded the most praise and interacted
the most in the hign sex-differentiated classrcoms. "Eright" girls were
accoraeca the leasgt amount of praise of any of the eight groups in the
high sex-differentisted classrooms.

Insert Tables 12 & 13

Since "pright" zirls were treated so differently in these two
clazsroom types, we redid the correlational analyses outlined above for
the samples of "oright" and less "bright® girls. The correlations are
presented in Taple M. & few interesting relations emerged: amounts of
both praise and work criticism were predictive of perceptions of current

andg future math difficulty

J .

In zddition, the total number of
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interactions was predictive of both perceptions of future difficulty and
plans to continue taking math. Apparently %bright" girls who have a
large number of teacher initiated interacticns followed by evaluative
feedback see math as easier, and Ybright" girls who have a largze number
of teacher initiated interactions, regardless of the feedback, are more
likely to plan to continue taking math. This pattern was not evident
for giris considered less bright by their teachers.

Insert Table 14

In concluding, these additional points are important to stress:
first, the frequency rates of all these interactive variables are guite
low {see Table 13). Second, interactional variables are not =zs
predictive of students' expectancies as are other variables we measured,
€.5., students' sex and teachers' expectancies. Third, the effectis of
classroom type may be mediated by the general social climate in %the
classroom rather than by the direct effects of one-to-one teacher-
student interactions. Social climate iz a function of both the teacher
and tne set ol students in each particular class. Consequently, while
classrcom interactions may be having an effect on children's
expectancies, the elffects are not large and may be as much a function of
the children as the teacher. but, to the extent that teachers can be

induced to cooperate, classroom effects should be modifiable,

E? Ceun tf tagt 3.
1t has been sugcested by many achievement thecrists that parents
influence their children's achlevement behaviors through their roles as

models and through their more direct role zs expsctancy and value
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goelalizers. Both of these hypotheses are discussed in this section.

The importance of rcle models in socizlization is a recurring theme
throughout the sex difference literature. 4&ccording to this hypothesis,
important meodels, in particular parents, exhibit behaviors which
ehildren come to imitate and later adept as pari of their own behavioral
reperteoire. If female models exhibit different behavior patterns than
male models, then, it is argued, girls and boys will acquire sex-
differentiated behavioral patterns. With regard to math expectancies in
particular, it is hypothesized that girls exhibit more math avoidance
and have lower maih expectancies than boys because mothers are more
likely than are fathers to exhibit math avoidance pehaviors To test this
hypothesis, we compared the mathematics relevant self-concepts of the
nmothers and fathers in our sample. These data are summarized in Table
15.

Insert Table 1%

In compariscn to mothers' responses, fathers sald that they were

end have always been better at math, that math was and always has been

]

easier for them, that they needed to expend less effort to do well at
math, that they have always enjoyed math more, and that meath has zlwayvs
been more useful and important to them. In sum, fathers were more
positive toward math and have a more positive self-concept regarding
their math abilities. what is more, we found that these sex-
differentiated beliefs were specific to math. Consistent with the fact
that girls on the average ocutperform boys in school, mothers rated their
general high school performance higher thean did fathers.

In line with the modeling nypothesis, cne might eonelude at this
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point that we had identified 2 major source of sex-differsntiated math
self-concept in today's school children. Boys and girls differ because
their parents' behavior is sex-differentiated. But one needs to
demonstrate a relation between parents' behaviors znd children's beliefs
before this conclusion is justified. To test the modeling hypothesis
more directly, we correlated the parent self-concept variables with the
children's responses to the student guestionnzire and to their past
performance scale, as measured in Year 1, None of the more than 100
correlations were significant. Thus, while parents' self concepts do
differ in the predicted direction, the influence of these differences on
children's math self-concept is minimal.

An =zdditional source of influence, however, might be parents?
expressed sex-differentiated beliefs about either the math abilities of
their children or the importance of math for their children. To azssess
this possibility, we compared the parents' of boys perceptions of their
sons' math ability, interest and effort, their expectancies for their
sons' future performance in math and their perceptions of the relative
importance of a variety of courses for their sons to similar beliefs of

the parents of girls. The data are summarized in Table 16.

- o e o e o=

The sex of the child had a2 definite effect on parents' perceptions
of their child's math ability and on the parents!' perceptions of fhe
relative importance of varicus high school courses. While parents did
not rate their daughters' math abilities significantly lower than they
rated their sons', they did think that math was harder for their

daughters and that their daughters had to work harder to do well in
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math. Further, fathers exhibited more frequent sex-differentiated
respornses,

That parents feel their daughters have to try harder to do well in
math ig of particular intersst. It suzggests that both parents and their
daughters share the perception of how hard girls need to try in order to
do well. Wwe do not know whether this reflects parents' echoing comments
they have heard theilr daughters make or whether it demonstrates the
parents’ strength as teachers of good or bad attitudes towards math.
But it seems likely that it could lead parents to support their
daughters' decisions to drop out of math, especially since they don't
believe math is that important for their daughters' futures. Siamilarly,
as it is sseen as relatively easlier and more important for their sons
than lor their daughters, pareats would be less tolerant of a son's
decision to drop meth.

Are these parental beliefs about their children's abilities and
plans predictive of future matn expectancies and future ccurse plans?
To answer this question, we correlated the major parent sznd child
verizbles from Year 1 with each other. ‘The zerc-order correlaiion for
these analyses are presented in Tables 4-7. The children's plans,
future expectancies, current expectancies and perceptions of the
importance and value cf math were relsted consistently in the predicted
direction to variatles tapping percepticons of their parents! beliefs and
expectancies and to the parents' actual estimates of their children's

abilities. VFarents' beliefs about their children's ability to do well

i

in math were predictive of tneir children's course plans. Despite the

.

greater sex-typing by fathers, however, their beliefs were not the

stronger predictors of their children's self-concepts, expectancies or
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plans.

Socislizers: General Findings.

As hypothesized, we found that parents' and teacherst beliefs are
related to children's expectancies and plans. We predicted that this
link would be mediated by children's perceptions of their parents' and
teachers' beliefs rather than affected directly by the socializers!

m

belief's or by the shared knowledge of the children's math aptitude. To
assess Lhese hypotheses, we performed a recursive path analysis on the
teacher, parent and child factor scale scores. These paths are
displayed in Figures 4 - 06, Fizure U4 depiets the analysis of the
relations bebween Year 1 socializer scores and Year 1 student scores.
Paths with a probability of less than .05 are depicted. Figures 5 & 6
depict the analyses of the relations between Year 1 socializer scores
and Year Z student scores. To provide greater clarity, only paths with

& probability of less than .01 are depicted. Figure 6 includes only

1W0th~12th gZraders.

In support of our predictions, expectancies and plans were related
most directly to children's math self-concept and to their perceptions
of their parents' znd teachers' beliefs about their math aptitude and
votential. Furthermcre, the influences of socializers' attitudes on
children®s math self-concepts, expectancies and plans were mediated by
tne children's perceptions of theses attitudes. Finally, while the zero-
order correlations of children's math aptitude measure to the criterion

measures were occasionally significant (see Tables ¥ - 7), the path
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coefficients, when other cognitive mediators zre partizlled out, are noct
gignificant. Thus, children's cognitive constiructs were more directly
related to course plans and expectancies than either past objective
ineasures of the children's performance or parents' actual attitudes.
iny effect that these past objective measures nmight have had on the
cnildren's self-concept was mediated by their impact on the perceptions
of teachers and parents, rather than by their direct effect on the
children's estimate of their cwn ability. Thesze results were
characteristic of both analyses.

With regard to the differential effectiveness of various
sociamlizers, mothers appear to have the strongest influence on
children's peliefs énd attitudes; fathers had no =ignificant
indepenzent offect over and zuove that vhich they shared with =mothers.
leachers, especially last year's teachers, had less effect than either
nothers or parents in szeneral.

In conclusion, parents had sex-differentiated perceptions of their
children's math aptitude despite the similarity of the actual
performance of boys and girls. This difference was most marked for
parents' estimates of how hard their children have to try to do well in
path. Parents also thought advanced math was more important for their
sons than for tnsir daughters. Parents' percepticns of and expectations
Yor their cnildren were related to both the children's perceptiocn of
soclalizers' peliefs a2nd to tne children's self-concept, future
expectations and plans. rurtither, parents' beliefs and children's
perceptions of these peliefs were more directly related to children's
self-concepts, expectancies and plang than sre the children's cwn past

performance in matn. finally, parents as role models of sex-
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differentiated math behaviors did not have a direct effect on their
children's self-concepts, expectations and course plans.
Sociglizers: Summary and Implications.

Since parents' responses, especially mothers' were the most
predictive of student attitudes, it would seem that intervening with the
parents would have maximal impact. Unfortunately, parents are nct an
easy target group for intervention. Given the number of people and the
diversity of opinions and values represented in parent groups, such
interventions would be costly and high risk. Consequently, while the
gain migzht be maximal, the coét—benefit ratic is probably low.
MNevertheless, were such interventions designed they should include the
following components: 1) Eoth parents should be provided with
information about the value of math for future jobs; stress should be
placed on the opening fields of computer science and on the importance
of math for careers in sccial sciences. 2) Parents should be made aware
of the detrimental effects of feedback to their children which conveys
the sense that math is a hard subject. Since their perceptions of the
difficulty of math for their children are the most influential, mothers,
especially, should be cautiloned about the effecis of communicating theze
veliefs to their chiloren. 3) While seeminzly benign, reinforecing
girls' opinion that their successes are due to hard work appesrs to have
a long range debilitating effect on girls' self-concept of apility and
pians. Farents should bHe made aware of this effect and cautioned
against attriputing their children's, especially their daughters?®,
successes Lo hard work. Children's success and hard work should be
attributed instead to their ability and interests.

Une additional point should be made about parental influences.
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Since parents do not have much influence as role models, we dc not have
toe worry about inducing major changes in parents! views about their own
math abilities., Instead, we have to stress tc them the importance of
net projecting these beliefs, if negative, onte their children. While
admittedly not an easy task, it is certainly easier than convincing them
that their own self-concepts of math ability are inaccurate.

Turning now to the school system, our data suggest that teachers,
on the average, do not have a large impact on students' math attitudes.
They are, however, a more convenient target group and there are
amelicrative behvaicrs available to them which were observed very
infrequently in our classrooms. For example, bteachers made few
attributicns, Teachers could use classrcom interacticns as an
opportunity to model and reinforce beneficial attributional patterns for
hizgh ability giris. Similarly, we observed few incidencez of the
aiscussion of the importance of math for later ceareers; teachers coulld
be giving this information to students at all grade levels. Finally, we
cbserved few incidences of erncouragement to continue taking math
courses, Girls' responses sugzested that teachers had given them less
encouragenment to continue than they had given the boys. While the
variaztion in existing levels of encouragement was noet predictive of
plans, increasing the overall level of encouragement given to girls
might have beneficial effects. Froviiing teachers with informetion

inportance ¢f each of tnese behavior clusters would ce an

inexpensive interventlion. And, since most teachers we talked to wanted
to do a good job, ocur intuition is that they weould make use of such
informaticn as best they were able.

With regard to classrcom interazction patterns, two effects emerzed.
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Both democratic teaching styles and increased opportunity
for interaction coupled with appropriate evaluative feedback
Wwere assoclated with high expectancies in Ybright"®

girls. Consequently, teachers should be encouraged both to
call on specific students rather than relying on student
volunteers for answers and to provide these studeats with
appropriate work praise and criticiss.

An-additioral intervention strategy is suggested by our
data. We found that interest and enjoyment of math was
significantly related to other attitndinal variables, that
boys and girls d4id not differ on these variables, and that
interest in and enjoyment of math decreased with age. These
data suggest that positive attitudes toward math might be
maintained by activities designed to capitalize on the
eniovyment of math expressed bv the yoﬁnger ckildren.
Farther, since boys and girls did not differ in their
enioyment of math, it should he possible to design
activities that appeal to both boys and girls. 1Involving
children in such activities micht maintain their interest
and increase participation in advanced math courses.

Our longitudinal analyses included a series of ANOVAS,
comparing varions sample groups, and a ssries of crogs-—
lagged panel analyses. Fach set of analyses is discussed in
this section.
dnalyses of Variance. In accordance with Schais's General

Davelopmental Model we computed a series of ANOVA analyses
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examiping the effects of sex, time of measurement and birtk
cohort on stndeats’ attitudes. TInclnded in these analyses
are all students who took the questionnaire in both the
first and second vears of ‘the data collection. The analvses
are sumaarized in Table 17.

- e m e we mee e we ow

Insert Table 17
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In these analyses time differences cas be interpreted
.as the "true" longitudinal, cohort specific age changes
occurring over the period of one year. However, when
avaluating the relative impact of ontogenetic fage~related)
versus historical change, you would expect cohort affects to
lominate the outcome if indeed grade level is the crucial
variable, since the seven cohort groups (1963, 13698} cover
averags grade level differences amounting to six yvears {5-6
vS. 5~b vs. 7-6 vs. B8-6 vs. 9-6 vs. 10-6 vs. 11-6}.
Conversely, if historical or cultural change effects of the
1978~1979 period are more salient, one would expect time of
measurement effects to dominate since tipe effects involve
less confounded age variance f{one vear) (Nesselroade §
Baltes, 19574).

Significant cohort effects were found for the majority
2f the stndent attitude scales with the exception of the
effort and cost scales. These cohort effects represent the
influence of grade on the various dependent measures. The
Jeneral pattern of results indicates that students in higher

grades had more negative attitudes toward mathematics than
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younger students. These results parallel the descriptive
analyses reported ‘earlier. i -k

Time of measurement effects were less frequent than
cohort effects, Time effects in these analyses may he
thought of as developrental or longitudinal effects; that
is, differences in responses attribautable to the passage of
one year. Scales reflecting the value of math to the
student ({utility, liking and cost) apﬁ perception of the
arount of effort‘ﬁéedeﬁ to do well showed significant
2ffects for time. 1In each case, the students' attitudes
dropped from 1978 to 1979. They 1iked their math teachers
less, rated the untility of advanced math as lover, and rated
the amonnt of effort required to do well “ip their current
math course and its cost to them-as lower. No significant
affects of student sex were found in any of these analyses.
Cross-lagged 2anel Analyses. Cross-lagged panel correlation
makes use of longitudinal data to test causal inferences
from correlational data. Cross-lagged parel ‘analvses
consist of the examination of the correlations between pairs
of variables both within and between data collection points.
faviny met the assumptions for the use of this technigue, it
¥as applied to our data.

Ingert Figure 7

- mm wn e e o ae e wm

The results of these analyses are illustrated in Figure
7. 1In support of our predictions, future expectancy was

causally influenced by self-concept ability and perceptions
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of task difficulty; self-concept of ability was causally
influenced hy perceptions of task difficuliy and of the
apount of effort needed to do well: botk the utility and
intrinsic value of math were causally influenced by
-percaptiens of the worthwhileness of the effort needed fo do
well; and the estimates of the difficulty of future math
courses ¥as causally influenced_by one’s perceptions of the
future difficulty estimates held by parents and teachors.
Contrary to our predictions, howvever, perceptions of parents
and teachers estimates of one's ability did not have a
causal influence on students! self-concept or task
variables. In support of the findings of calsyr and Kenny
{1977), we found instead, that self-concept variables and
perceptions of task difficulty had a causal influence on
students' perceptions of the attitudes of parents and .
teachers.

What then can we conclude? These analyses provide
partial support for our model. 1s was the case with the
path analytic results, we appear to understand the
leterninants of self-concept of ability and expectancies
better than we urderstand the determinants of task value.
This could, however, be a conseguence of the measures ve
used in these2 analyses. Not all measures hypothesized to
predict value were included in these analyses. FPor exanple,
neither attributions nor math anxiety measures were
included. Future anralyses including these variables nay

provide additional support for our model.
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TABLE 1
GLOSSLRY
Summary of Scales Used in Anzlyses
Description of Scale i Secale Lﬂbel
___________________________________ e e T e - ot s o i = o T A L, e A4k i i i e i o T o e T T T Y o T

Student Scsles

self-concept itewms:
=Math ability

~Current expectancies

-Perforaznce in math

~Minimum standaras for
perforaance in math

=Future expectanacies for math

~Compined {current and future)
expectancies

Taglk Helevant ltems
-bifficulty of current
math course
~feqguired effort
to do well in
~fctual effort
-ifnticipated difficulty
ot future math
~Combined (reguired and actual):
ef'fort

o

ath

Chs e

Value 1
-4tility of advanced math
~Importance of math
=Ingerest in and liking fcr math
-Liking of teacher
~Coszt of effort

to do well in
-Utility of math

matn

sSex=kple itemns:
~Femininity =score
from PAEE
sculinity score fron PLG
erectyping
math wtility
-stereotyping of
math utilivy
-stereotyping of
-Sterectyping of

a male domaln

“AS
t of

for females

for males
math apility
math

as

ABIL, ABILITY
CUREX, CRNTEXE
PERFORM, PERF

MINSTAN
FUTEXEP

)

COMEEX

CURLIF ,CRNTDIFF

HEUQEFR
ACTEF

FulTull

COMBEFF
AUVUSE,UTIL.AD,FUT.UTIL
1MPURT

INTEREST

Li¥«E.TCHE

CCST, COST. CUR, COST . A0V
EAS.USE, BAS,UTIL

Frw,PAG FEM
MASC, PAL MASC

3T.U5E.H
ST.ABIL, STABILZ

MATH,MAL



TABLE 1 {econt'd.)

Description of 3cale Scale Label
Perceptions of related

scciglizers gcales
~Perceived math ability PERABIL, PREHCABIL

-Perceived expectancies
for math

~Ferceived importance of
math to parents

=knoourarement to continue

FAREXP, PHERCEXP

IMPFORPA, PAR.IMPY

in math ENCRG
=Ferceived difficulty of current

and tuture math PLEDIFF
-Perceptions of mother's

of math MPARUSE

Parent Scales

~Parent's perception of the

importance cof math for child PARITHPCH
«~Parent's perception of

child's ability PARABCH
-Parent's perception of child's

effort needed teo do well PAREFFChH

-Farent's future supectancy

for child PAHBERCH

-Parent's perception of task
difficulty for the child PERTBCH

leacher Scales

-teacner's perception orf
child's ability

~Teacher's future expectzancy for
chiild

-Teacher's concept of

TEACHAECH

TEACEEACK

cenild's apility {(Sum: above 2) TAECH
OLher Varizbles

=5tudent's intention to take

more math IRTRAT
~Student's Sex SEX
-Student'ts math asptitude score

(Comprized ol stugent's

previous math grade and most

recent CAT or KAT score) CHMAAPT
~Student's attributions for

failure in math FAILURE
-student's atiributions for

success in math SUCCESS
~5tudent's career plans CLREER
-Student's perception of the

anount of math aecessary for

his/rner career plans MATH.NEC



TABLE 1 {econt'd)

Factor Scales i
---------------------------------------------- e e o e ] Scale Composition
Desceription of Scale f Label |
____________________________________ i o 2 e e . S e B ko e e T 2 B o B S . . S Sl Al Ak e o o . e e A O
i |
student's repception for Seif 5 |
] 1
I H
~Self-concept of math ability ! CAECH | ABIL,PERF,CUREX,CURDIF,FUTEXP
-Self-concept of math value i CVALGCH H IMPORT, EBAS.USE
| i INTEREST,UTIL.ADV,COST, ADV
~Perception of task difficulty i !
'or self H CTSECH ! REQEF, ACTEF, CHDIF
t H
i I
Student's perceptions of | i
sceiglizepts attituy ! !
i :
-student perception of H i
socialirers perception of ! {
tzsk difficulty 1 PLREDIF H PARDIFF, TEACHDIFF
-~5tudent perception of : ;
socializers perception of ! !
math ability ! FERLABCY ' PARAEL,PAREXP , TEACHEXP
-%tudent perception of ! |
parental encourazement ! PREENCRG ! ENCKG
1} §
i i
barent Factor Scales | H
3 I
3 i
~Ferceived importance of math i BEPLRIME ' PAiI+PCH (Mother and
! ! Father combined)
~Father's perception of | {
task dirficultiy i FATHT D ; PAREFFPA,FARTDPL
~moiher's perception of : g
tasi difficulLy : FHUTHTL | PREAECH, PAREFTCE, PARTDCH
~Ferceived math ability ! 3
of cnild ! EPARARCH ! PARAECE, PARRFEXCH,
1 i
| i

{mothsr and father combined)
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TABLE 3

SUMMARY OF SIGNIFICAKT RESULTS FACM ANALYSES OF VARIANCE:
YEARS 1 AHD 2

Variables yielding H i
significant sex effects i Effect ' r
Yezr 1
COMBERT i F b ! .01
ST.USE.F i M>F { LG
MATH . MAL : Foi : .05
FEN ! o i o001
MASC i M ! 0001
CABCHK ! MYF ! 5
CTSECw ! FoM ! .03
EPERIMP i M>E ! .01
FATHTD ! Foiv ! .01
MOTHTL H Bl } .01
FUTEXE ! s ! .01
CRNIDIFF ! Fou : el
Fulolrr H Fri i .01
Year 2

ABILITY { My E : .01
COmBRET ' B ; .01
Uil ALY ! F>F | 001
ST.USE. ¥ ! Foi : 05
57, LbIL H B ! .05
[y ' Fk ! L0001
MASC ! BOE ! L0001
CLECH ! B i .05
UTIL ! My i L0
FUTEXP ; F<is ! .01
CUEHTEXP ! Fei ! 04

U i e o Y P O L L Al e o e W M Ul Al A e s ok . s Ol o e o o AT N Y Wt AN A8 AA WAL (Hn SHe 1 ek Ak . £ e e PR P e o o S



TABLE 3 {cont'd.)

Variables yielding i !
significant grade effects ! Effect ' F
Year 1
ST.USE.M ! CURY. U1 ! .01
ST.ARIL i CURV. U : .05
CHMALPT ! 0»Y< ! ek
CARCH H ¥>03 ! .001
CTSKCH H oY : .GOG1
CVALCH i CURV, U ! L0
PehLIFCH i O>Y t .01
PERAECH f >0 ! L0000
TABCH ' Y0 ! L0001
MOTHTE i OryY ! .05
LmPURT ! 55620 ' .01
CRHTEAP ! ¥4 ' .01
4B1L ' Y>{ ! .01
CURDLE : 0>y ' .001
GTIL.AV H >0 d .001
INTEREST ! >0 i 01
LIKETCHER : Y0 i L0
P RE | 10 i .01
PERCEXP ! >0 ! .01
Year 2

SYLUSELE ! Y0 ! 0001
ST, USE.L ! Y>>0 1 0os
ST, AEIL i Y50 | LG01
MESC | CURV. U i Relolel|
CABCH g Y>3 ' L0001
PriDIFCR ! 0>y ! L0001
PEREECH ! Y20 ! 0001
CUREX | ¥ 00 | L0011
ARTLITY | Y >0 | 01
CRETLIF i Gy | L0G1
YTIL.ADV ! A0 ' 001
THTEREST i Y50 | R
LIKETCHER ! Y0 ! L0001
PEAF i T50 : L0001
FUTDIF | U>k | L0001
PERCEAP i Yo | 5001

o T s 200 o . e T . T - W D8 W e Y M S 0 T T A W T T . o P g T o T o o T e e o ok oy T e s o Ml b B

1 CUKY, Uscurvilinear relationsnip with age, decreasing

and then increasing

£ (»izlinear tread inoreasin

L

J  Y¥Y>rU=linear trend decreasin
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Instrumentation

Tne sgtudent questicnnairs, composed of several different meszssures,
was designed to assess those variables suggested as predictors of
students' behaviors by the expectancy/vzlue theory. The measurss
currently emplicyed in the project have been developed in several steps
summarized below.

Bipolar rating scales anchored at the extremes with short verbal
descriptors, e.g.:
How much do you like math?

Not at all Very much
1 o 3 5 5 i

b
=y

were selected for the following rezsons. First, it was necessary to
enploy a rating method appropriate for the entire aze range of subjects
(Hth-12th grade). Changes in the wording of the items from grade to
zrade could have resulted in inecreased meazsurement error. For example,
the fiftn graders could have understocd an item differently than tenth
graders, resulting in spurious developmental tindings. This format, =
visualized rating scale, is ezsily uvnoerstood, even by the youngest
subjects. Secondly, since response alternatives are not written oub, as
in the traditional Likert scale, the amount of rcadinz by the subjects
was minimized thus reducing time involved in guestiocnnaire
aaninistration. f1hirdly, the psychometric properties of the interval
seezles derived {rom these data are guperior to ordinal or categorical/
noninal responses for date-analytic purposes,

With these practical and thecretical considerations in mind, items
assessing e number of constructs were written. Whenever possible, these

were framed as nine point bipolar scales. Items thus gensrated were
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pliloted on school children in a nearby area, comparable in most respects
to the intended sampling area.

The questionnaire was revised in light of results from the pilot
sample, The pilot sample was instructed to mark items that were
difficult to understand and to alert questionnaire administrators to
problems or questions concerning any guestionnaire items. Eesgause
students indicated difficulty 1n making such fine discriminations, the
nine point scale was reduced to a seven point scale. Students' comments
aisc enabled us to eliminate or reword items which were difficult to
understand. Standard instructions were developed for cuestionnaire
administration.

Ihe revised questionnaire was distributed to students in the Ann
Arbor =schocl system in spring 1478, The following scales weres
incorporatead into the guestionnaire:

a} Perceived difficulty of math: absciute and comparative ratings

of current and advanced mathematics courses

b) Expectancies: ratinzs of students' expected performance in

current and advanced mathematics courses

c) Incentive value of matnematicst! ratings of attractiveneses of

math courses and positive and negative outcomes in math

a) Utility: ratings of the perceived usefulness of current and

advanced mathematics courses for self

) Sex-typing of the utility of math: ratings of the perceived

n
ot
o
4]
)]
¢t
s
(3]
o
o]
[&]
o
3
il
4y
tn
bt
o]
o]
H
D
o

usefulness of current and advanced ma
ana women
1} Fercelveg effort: ratings of the effort perceived to bhe

necessary to do well in math



g) Cost of effort: ratings of the degree to which effort expended
in math has negative conseguences
h) Encouragzement: ratings of the degree to which parents and
fteachers have encoureged the student to continue taking advanced
math
i) Ability: ratings of ability in current and advanced mathematics
The following constructs were not measured with a seven-point
rating scale: plans, attributions, sex-role identity, sex-stereotyping
of math. Gstudents indicazted their plans for taking mathematics courses
frem a number of prepared response aliernatives. Measures of
attfibutions for success and failure situstions employed a forced
ranking procedure. Students ranked a set of eight statements in terms
of thelr typicelity as explanstions for success and failure cutcomes on
mathh tests, In adoltion, open-ended guesticns elicited responses about
students' attributions for success and failure outcomes on math tests,
The model we zre testing nresumes that sex-role values are
important influences on vehavior. To measure sex-role values, we
enployed one criginal and cne standardized test. 7The original measure
¢f sex-rcie values derives sex-role scores for cach subject as a

funztion of differences among scales. Students rated both the

s

importance of twelve sex-tysed behaviors for boys and girls, and rated

the freguency with wnich they enzasze in thosze activities. Values ars

zcorec s the difference betwesn perception of self and perceived

1

approprizteness of the same behavicor [for eachn sex. The standardized

test is the rersonality Ettributes UQuestionnaire (PAU} (Spence,

e

nelmreich, ana Stapp, 1974). The PAC incorporates eichteen semantio-

differential-type items.

ihis scale was ghortened and slizghtly sodified



for use with 5th through 8th graders.
atudent Questionnaire: Year 2.

The slightly modified version of the student questicnnaire was
administered to students in the Ann Arbor sample in Year 2. The final
versicn was arrived at by 1) examination of the results from year one,
and 2) interviews with non math-taking and math-taking high school
studente. Items with extremely lcw variance in the previous year's data
were eliminated since they do not contribute fo behavicral prediection,
Upen-ended questions with low varlability were also eliminated.

In addition, secticons of the guesticnnalre wers expanded.
Important influences on students’ decisions to take math had been
elicited in interviews with high school students. Ezsed ¢on these
intervieuws, a rating scale was developed asking students to rate the
influence of a nuaber of persons on these decisions. Questions asking
students to rate and rank a list of reazsons describing why they sre
currently taking math, and cuestions aboul tracking experiences, were
acded.

Tneoretical and conceptual issues receiveq specisl attention when
the questionnaire was refined/revised in Falifbhinter 1478, most

important was thne lssue of relisbility of scales formed from the

)

individual items. Scales were formed by takine the mean value of

¢

several items sll presumably measuring the same construet, e.g., self-

concept of ability. The slpha ccefficient is a mezsure ol test

B

relizpility which represents the expected correlztion of = test with an
alternative test the same items in lensth. Lzsed on the reliability
figures, scales were revised, Scales were constructed =o that redundant

items, as well as thos

[0

items correlating lower than .25, were dropped
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from the scales. Relisbility values were examined as each revision was
accomplished. Scale revision was successful, in that the majority of
scales had values of approximately .80 with a range of coefficient 9@

from -.254%3 to .83. geales with less than .60 will not be used in data
anazlysis. These scales are summarized in Table &. These scales wers
factor analyzed. The factor scales and their factor loadings are

presented in Table B, A final form of the student cuestionnaire may be

found in Appendix E.

A guestionnzire was employed to assess parent attitudes and
expectancies, This instrument was designed for the acguisition of thres
categories of information: 1) the parents' self-reported experiences in
math and attitudes regzrding mathematics 2) parents! beliefs about
their child®s attitudes toward math, and 3) parents® beliefs about
their children's math abilities and their child's math experiences.
Information about several aspects of each category was sought. Parent
scales were constructed in a manner similar to that used in constructing
student scaleszs. The scales reflected the categeories discussed in each
of the next three paragraphs. The sczles used in final analyses are
presented in Table C. These scales were f{actor analyzed. The factor
scales and their factor lcadins are presented in Table B. A copy of the
parent cuesticonnaire is included in Appendix B,

Referring first fto parental zttitudes about mathemaztics, parents
were asked to reflect pack upon their experiences in high school znd to
report on thelr experiences and cognitions at that time. Given the
inaccuracies often associasted with retrospection, this information was

internded not sco much to inform us about past conditions zs to inform us
b



how these parents currently view their past high school experiences with
mathematics. Current parentzl attitudes were then assessed. Similar
items and scales were used to measure both the "retrozpective! and
current attitudes. Several items were constructed which paralliel iteams
on the student guestionnaire. Thus parents were asked about: a) utility
of math (e.z. How useful is the math you learned in high school for you
or your job?) b) importance cor ilncentive value cof math (e.g. How
enjoyable was high school math? How impertant was it to you to get zood
grades in high school math?) ¢) ability (e.g. How gZood were vou in
advancec high school math?) d) effort (e.g. How hard did you have to
try to do well in high schcol math?} e) difficulty of math
(e.g. Compared to other subjects that you took in high school, how
difficult was mathematies?}, In additicn, parents were asked to report
the number of math courses they had taken in high school zna college,
their level of education, and thelr occupation.

Referring nezt to parental perceptions of their children's math
attitudes, porents were asked Lo report what they tﬂought vere their
childaren's azttitudes sbour math znd about themselves as math learners.
ltems in Lnis section were developed to parallel the items and scales in
the student cuestionnaire. In particulsr, the parents' perceptions of

the following children's responses were assesszed: a) incentive value of

matn for the chnild, b} izportance to the cnild of receiving zood
grades, c¢) child's self-concept of math ability, d) child's perceptions
of the difficulty of math, e) chila's perceptions of the effort recuired
to do well in math.

A final sectiorn of the parent questionnaire inquired about parental

attitudes toward the chilu's acility and math education. Parental
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expectancies for their child's performance in math were elicited.
Additionally, parents rated their own and the math teacher's influence
cenn the ¢hild's attitudes, indicated their minimal Ievel of aspiration
for their child, rated the utility of the math the child had acquired in
sehool and rated their child's ability and the reasons the parents leel
are responsible for their child's performance., Finally, three items

assessed parental sex-typing of the domain of mathematics.

Teachers were asked to complete two guestionnaires, one asking for
their cpinions of mathematics, and another rating each participating
student in their math ¢lass on a six question scale.

The rirst questionneire is labeled "Teacher's Math Survey”. It
consists of four open~ended questions which ask the teachers to give
their opinions regarcding: why bo, 3 oublnumber girls in hizh school math
classes; which factors are most important in determining boyz' and
#irls' attitudes toward math; and reasons for poor performance in math
Dy some students. vrinally, the a?e asked Lo rate, on & seven noint
scale, how much they enjoy teaching mathematics. Un the second

quesbionnaire, for each student, teachers were asked to rate: how well

she/he expects this student to do in advances hizh school math couvrse,

how well the iz agcing tnis , pord tno stulent is trying,
oW omuch atbility the tescher perceives the shbucent has, and how well the

student is deing in meth compared to how well hefsne could do., If a

teacher Ilndicated that a student was not performing to the best of his
or ner ablility, ths teacher was asked to explain why this might be
nappening.

Teachers were gziven these cuestionnzires to complete at the time of

{n
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administration of the student guestionnaires. 411 teachers agreed to
complete these forms therefore these data are complete for all
participating students in grades five through eleven.

Ubszeryvational Procedure

The observational system used in this study is a modified version
of two other systems: Erophy and Good's Teacher-Cpild dyadic
interaction system and Dweck et. al's observational procedure used to

cde evaluative feedback. Appropriate modifications were made following
Lilot observations in & variety of classrcoms., Important considerations
in poulfying these existing cbservational systems were their relevance
to the research poals of this project and their administrative sase.
Care was taken to include recording of behaviors assumed to be related
to teacners' expectancies and teachers' attributions for students?
performances.

The observational system focused on dyadic interactions between
teacners and individual students; thus, only ocecasicns in wnichk the
teacner was interacting with a sinzle student were recorded., The
recording of each interacticn included the following: who initiated the
interaction, the context of the interaction, student response to
teacher, and teacner feedback to student. In addition, the setting in
wihiich the interaction teok place was couew, iL.e., whether the
interaction was putblic and wonitored vy the class or a private
interaction between student and teachner. Special effort was made Lo
plek up twe Lypes of teacher statements we felt critical for cur study:
explicit statements made by teachers to a student regarding how well the
student can oy should do on an assignzment or test {expsctancy

statements), and explicit statements recarding the teacher's zssessment
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of which factors explained the guzality of the student's work
{attricutional statements). We recorded these statements verbatim.
Table D summarizes cur coding system. The coding manual, which zives a
detailed explanation of the system, and a copy of a coding sheet, is
includéd in Appendix K,

Observers completed a fhree week training program before obssrving
began in the sample classrooms. Training included discussing the
manual, coding written transcripts and videotapes of clizssroonm
interactions and coding in classrooms not included in the sample. 1In
the training classrooss, observers indegpendently coded four one hour
cessione with a eriterion coder. UOnly after cobtaining a .75 azreement
cid the observer begin to collect data in the sample classrooms.
because puch of the data involved sequential coding, teacher-student
interactions were scored as agresments only if the entire sequence was
coved identically., For exasmple, during response opportunities, both
coders had to azree on type of guestion, level of guestion, student
response, and teacher feedback for the interaction to be counted as an
azreement. ‘the percentages of agreement for esch observer ars shown in

table B, The mean percentazes of az 4 from 754 to 264 for

the five cbservers.

The observer spent a2t least three sessions in the classrocs before
besinning te collect data. These sessions were used by observers to
acquaint themselves with the students so that interzctions could be

reliably to the student involved. These sessions alsc helped

in maxing the students and teachers feel comfortable with the cbserver's

presence.  Alfter these precliice sessions, ten classroon sions were

n

e

9]

[ )
3
1]
4]
4]
rn
ol
5]
n

obzerved. ions were seguential when possible, Data were not
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collected on days with atypical events, e.g., Films, tests or teacher
gbsence.

In Fall 1978, teachers were offered a profile of their classrooms.
The frequency and proportion of differing types of interactions in their
classroom were compared to that observed in classrooms of the same znd
different grade levels. See fppendix F for a copy of the text and
tables ziven to teachers. 7These reports were presented to the teachers

individually so that guestions could be answered immediately.
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TABLE &

MATHEMATIOS ATTITUDE SCALES INCLUDED 1k THE STUDENT QUESTIONNATRE

Future Exvectancies for Math:FUTELP

:

how succezsful do you think you'd be in 2 career which required
methematical ability? (not very successful/very successful) (V=18

How well do you think you'll do in your mathematics ccourse next
year? (not at all well/very well) (V=182)

How well go you think you'll do in advanced hich school mathematics
courses (like Algebra 11, Trigonometry, or {alculus)? {not at all
well/very well) (V=184)

How well would you expect to do in Trigonometry and Pre-Calculus?
{(nct at all well/very well) (V=232)

Low well would you expect to do in this course {(Caleulus}? {(not at
all well/very well) (V=23#)

kow well do you think you'll do in your mathematics course next
vear? {(not at all well/very well) (V=273)

how well do you think you woula do in your mathematics course next
yezr? (not at all well/very well) (V=2¢2)

alpha=z.{dyy

Lurrent ks

for Math:CUR, CRETEXP

Compared to otiher students in your class, how wall do you expect to
4o In mathsmatics this year? (much worse than other students/nmuch
petiter than other students) (V=1i7)

Eow well do you expect Lo do on your next math test? ({not at all
well/very well) {V=60}

now well do you tnink you will do in your math course this year?
(very poorly/very well)

alphna=, Y541
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TEELE A (conttd.)

Math Ability:aBiL, ARILITY
How good at math are vou? (not at all good/very good) {(V=12)
If you were to order all the students in vour math class from the
worst to ths best in math, where would you put yourself? (the

worst/the best) (V=28)

in comparison to most of your other academic subjects, how good are
you at math? {(much worse/much better) (V=LE)

alphaz.7514

Ferceived Math Ability:PERABIL, PERCABIL

How good at math does your mother think you are? (not at all good/
very zood) (Vz=Z3)

how good at math does your father think you are? (not at all good/
very good) {V=32)

how good at math deces your teazcher think you are? (not at all
sood/very zood)  (V=Z2y) '

alpna=.P154

JAfficulty of Current Math:CUARDLeE, CRWIDLE
In zeneral, how nard is msth for you? (very casy/very hard) (V=14)

Compared to most other students in vy

rour clacss, how hard is aath for
you? {much easier/much harder) (V=28)

Compared to moct other school subjects that you have taken or are
taking, how nﬂro ie meth for you? {my ezsiest course/my hardest

course SCERY
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TasLE 4 (cont'a)

Perceived Pifficulty of Current MHaih:PERDIF

hHow hard does your mother think math is for you? (very easy/very
hard) (V=53%)

now nad does your father think math is for you? (very easy/very
hard) {V=56)

tow hard does your teacher think math is for you? {very easy/very
nard) (V=5%)

zlpha=.7570

Effort sCOMBERF

how hard do you have to try to gel good grades in math? (a little/
a 1oty {V=13)

iz}
3
m
[oF
0]
-3

HOW hzrd do vou have to study for math tests to get a good
(a2 little/a lot) {(V=zi5)

To do well in math 1 have to work. . . {(Check one)
1) muech harder in math than in other subjocts.
2} =somevhat harder in math than in other subjects.,
3} a little harder in math than in other subjects.
4)  the same as i cther subjects.
5) little narder in other subjects than in math.
) somewnat harder in other subjects than in mathn.
} muen harder in other subjects thnan in math., {(V=49) hard)
(V=57

3]

7

~1 LY

How muchy fime do you spene on math homework? Cneclk one.
&) an nour or more & da

b} =0 minutes a day
¢} 15-30 minutes a da
d) anocut 1 hour & week
e) atout 30 minttes a2 week

f) about 30 minutes every two weeks
g) 1 rarely go any math horlework.

How hard do you try in math? (& littlefs lot) {¥V=27)

know, how much time do you have
ments? (mucn less time than
cther students) (V=37)

ed Lo most other students you
na working on your math assi
her students/a lot more time

o 0
b

e
.3l
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TABLE & {cont'd.)

Gtility of Basic Math:BAS.USE, BAS.UTIL(Year 1)%
How useful is learning basic math (like adding and dividing) for
what you want to do after you graduate and go to work? {(not at
all useful/very useful)

How useful do you think the things you have learned in basic math
are for your cother school courses? (not very useful/very useful)

alpha = .6137 #Included in Year 1 only

Utility of Advanced Hath:4DVUSLE, UTIL.AY, FUT.UTIL

How useful is what you would learn in high school math (like
Algebra i1, Trigonometry, or Calculus) for what you want to do when
you finish school and go to work? (HNot very important/very
important) (V=19)

liow useful is what you would learn in advanced high =school math
(iike Algebra 1I, Trigonometry, or Caleulus} for your daily life
cutside of school? {(not at all useful/very useful) {Vz30) (V=271)

‘alpha=.7522

loportance of kath:IMPORT
1 feel that, toc me, beinz good at solving problems which involve
math or reasoning mathematically is: (not at all dimportant/very

important) (V=33)

How important is it to you to gebt goou grades in math? (not at all
inportant/very important) (V=45)

how upset would you be it you got & low mark in math? (not at all
upset/very upset) (¥=50)

alphaz,f355%

Lnterest in MathINTEREST

in zeneral, 1 find working on math assignments (very boring/very
interesting) (V=11)

In general, I find working on math games ...{bcring/interesting)
now much do you Like doing matih? {not very much/very much) (V=k1)

ciphas, 8004
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TABLE & {cont'd.)

Liking for Math Teagher :LIKE TCHER

How much do you like your math teacher? (not very nuch/very much)
(Vv=51)

alpha unavailable

Ferceived Importance of MMath Lo Parent:IMEFOREL

How upset do you think your mother would be if you gzot a low maryk
in math? (not very much/very much) (V=25)

HOW upset 4o you think your father would be if you zot a low mark
in math?  {not very wmuch/very much) (Vz3i)

elrha=.7753%

reploriance in Lh:tPERE, PERFURM

In math, most of the time, how well do you do in each of the
following things?

a) when the tezcher calls on you for an answer in class {very
poorly/very well) (Vzip)
©)  when taking a test I have stucied for (very poorlv/very well)

(v=4%)
c) when doing math homework problems (very poorly/very well)
(V=Uk)

=

now have you been doing in math this year? (very pocrly/very well)
(V=bh)

alpnaz, 7514

Finjmun standards for Performance in Fath:MINSTAN (Year 2)%

what is the lowest grade or evaluation mark vou would be satisfied
with in your present math course? {(V=15)

*lncluaged in lear 2 only
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TABLE & (Cont'd.)

Anticipated Difficulty of Future Hath:FUTLIF

Bow difficult do you think next year's math will be for you? {much
easier than this year/much harder than this year) {V=183) (HOTE:
V185 used in scale only for 9th graders)

now hard do you think advanced hizgh school math will be for you?
{(very easy/very hard) (V=187)

Compared to most othsr schocl subjects you may take in high school,
how hard do you think advanced high school math will be for vou?
{my easiest course/my most difficult course) (V=188)

If you tock Trigonometry and Fre-Calculus, how hard do you think it
would pe for you? f{not zt ail hard/very hard) {(V=231)

If you took Calcuius, how hard do you think it would be for you?
(rnot at all herd/very hard) (V=233)

Percelved bBxrectancies for Hath:ParCRXP, PARBXP

How well do you think your father expects you to do in mzth this
yezr? {(not very well/very wzlil) {iV=57)

hew well do you think your mother expects vyou to do in math this
vear? (net very well/very wsll) (U_ag)

how well do you think your teacher expects vou to do inm math this
vear? (not very well/very well) (V=GhL)

alphaz. 8072

Lozt of effort Jo Uo well in katn:f0sSy#

amount of effort it will ftake to do well in your math course

is the
this year worthwhile to you? (not very worthwhile/very worthwinile)
(v=52)

ig the amount of effort it would fake fo do well in adavanced high
school math courses (like flzebrs 11, Trizonometry, or Caloulus)
vorthwihnile to you? (not very worthwhile/very worthwhile) (V=5H3)

how much does ftne amount ¢f time you spend on math keep you from
doinz other thinzs you would like te do? {takes away no time/
takes away alel of time) ¥V(%2) included in Year 2 only
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Parent Encourasement Lo Continue in Math:ENCEG

Hate on a scale of 1 to 7 how much each of the followinz pecple
have encouraged or discouraged you:

Mother (strongly discouraged me/strongly encouraged
me) (Vz221)
Fatner {(strongly discourzged me/strongly enceouraged me) {(V=222)

alpha=, 7041

Plans for Future Math Coursest!IKTENT (Year 1)

Would you take more math if you didn't have to? (Check cne)
a) L very definitely would take more math

b) I probably would take more math

¢) maybe I would take more math

d} I'm not sure

e¢) maybe, but not that likely

£) 1 probably would not take any more math

g} 1 very definitely would not take any more math (V=543)
How muech more math would you take? (V¥=z739)

o you plan to take any math courses in high school? Yes
O EOwW many?

a} Three years of math

b} Twe vears of math

¢} Une year of nmath

d} norne

Which math courses do you planh to take?
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TABLE & (cont'd.)

Plans and Future Choices in Math:INTENT (Year 2)

Would you take more math Aif wou didn't have tn: (Check one)
1) 1 very definitely would take more math

2) I probzbly would take more math

3} maybe I would take more math

4}y I'm not sure

5) maybe, but not that likely

6) T probably would not take

any more math

7) I very definitely would not take any more math {(V=184)

How much more math would you take 1f you did pnet have to?

%Y 1 would take math through
L} I would take math throush

hish school math

5) 1 would take math through
high school math

5} 1 would tske math all the

What math courses, i any, do
(Flease be as specific as you
rre-Calculus, Calculus, etc.)
a}) rfirst semester (Vz=275)
5) secona semester {V=275H)

1) 1 would not teke any more meth
I woulcg take one or two yezrs of junior high sclicol math

ninth zrade
ninth grade, plus cne mere year of

ninth grade, plus two mors years of
way throuzh high school (V=185)

you plan to take in the 11th grade?
can, for exanrple, Trigcnometry and

¢} 1 do not plan to take math in the 11th zrade (V=277)

what math courses, if any, do
a) first semester {V=278)
b)  second serester (V=27y)

you plan to take in the 12th grade?

c¢) I do not plan to take mesth in the 12th grade (V=220)



TARLE & (conttd,

Earents! Use of Matn:MPARUSE®

how much does your mother use math? (not very much/very much)

Sex Sterectyping of the Utility of Math for Women:ST.,USE.F

How useful do you think women find basic math in their jobs? (not
at all useful/very useful)

How useful do you think that women find advanced high school math
in their jobs? (not at all useful/very useful)

How useful do you think women find basic math (like adding and
aividing) in their everyday activities? (not at all useful/very

useful}

alpha = .74z

ing of Lhe ULility of Math for Men:t3T.USE.H

How useful do you think wmen find bessic math {like adding and
dividing) in their jobs? (not at all useful/very useful)

dow useful do you think men find basic maeth in their everyday
activities? (rnot at zl11 useful/very useful)

how uzeful do you think men find zdvanced hizsh school math (1like
Advanced Algebra and Caleulus) in their jobs? (not at all vseful/

very useful)

zlyna = L5350

2oy Stereotyping of Math Abilitv:ST.ARIL,ST.apiLe®

in general, 1 think boys are...

a) wmuch dotter than girls at math, b)
at matn, ¢) a little better than z
girls at math, 3 a little wors
somewhat worse than zirls at math, &)
math, why?

scmewhatl better than girls
e th, <) the same a3
rls at math, )
s¢ than girls at

* Alpha coefficient not available for single item scales.



TABLE A {cont'd.)

Math Aptitude and Past Higtoryv:CHMAAPT

Average of sztandardized scores on most recent MAT, CAT, and past
math grades nlus the constant 4.

Math 28 o Male L‘O"ﬁalﬂ (MATH,MAL

ST USELF scales

w;
_
&
£
5
s
£
l.—l
o
[+
w
o

mo¥ Hole ldenfity
Perscnality attribute questionnaire.

1. Scored as heutral {(Low masculine, Low feminine)
tMzsculine (Lizh wasculine, Low femining)

Feminine {Low masculine, high Feminine)
Androgynous (iizh maeculine, high feminine)

2. Scored as Masculine {(MAESC)
Feminine {reM).

in this section we woula like to ask you some guestions about your
iuvture plans. Please indicate which of the following you plan to
do after you gradualte from hign school.

j.--=-Continue your education (collese, vocational traininz, eto.).
rlease indicate what you plan Lo study in college cor the {type of
vecational treining you are interested in, —ee--

d.---Loox for a job. flessze indicate the type of job ycou are
interested in.

3.-—-Uther plans {please describe)l.

Atsributions

Feople use different reascns Lo explain why they have done thing

well or poorly. fthink of the last math test veu d4id net do so

well on (one you did poorly on). kny do you think you did so
poorly? ---

51

People use different reasons o exsplain why they have done thing

s
well or poorly. think of the lest math test you did well on. why
de you think you dic 26 well? =m--
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TABLE ©
GVERVIEW OF UBSERVATIONAL SYSTEM

I. Resgponse Upportunities: Situvation in which teacher publicly
guestlions students in class
A. Type of Question
1.} Discipline -- teacher calls on student fo redirect student's

attention
2.) Direct -- teacher czlls on student who has not volunteered
3.) OUpen ~- teacher cslls on stucdent who has raised his/her hand
4.} Call-cut -~ student calls ocut the answer without permission

ﬁ. Level of (uestion
.) Hesponse -- cuestions that have = riznt or wrong answer
.) Sell-reterence -~ guestions that ask for opinion or prediction

-

C. ype of student hesponse
1.) hnswer
2.} Don't know
3.} o response at zll
L. Teacher's Feedback
1.) Praise or criticism oirectea to guality of the work
2.) Praise or criticism directed to the form of the wori
3.) Praise or criticism directed to conduct
b,y Affirm
5.) Hegate
9.} Ho feedback
7.} Give answer
8.) 4ask other -- calls on ancther student to answer the guestion
Y.) Sustaining feedback -- gives the student another oppertunity to

answer the cuestion
10.)  Attributions to ability, effort and task difficulty

1Y, Student-initizted Luestions
L. Type ol Wuestions

.7 Content

.} Procedural

Tezscner's reedback

1
5

{1i. byadic Interazctions: Situations in which teacher interacts
privately with student
A. initiation of interaction
1.) Teacher
2.)  Student
B. teedback
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SAMPLE
S 1 Sel .

The study was conduected in Ann Arbor, Michigan, The schools
selected within this community have predominantly white middle class
populztions. 3tudents were sampled from one of the two hisgh schools in
the community. Elementary and junior high schools were then chosen from
schools wnich feed into this high school. The saumple included thuree

elementary schools, five junior high schools and cone high school.

Subject celecticn

dtear 1. The Year 1 sample consisted of students frow zrade levels
5th to 1ith inclueive. The sample was drawn using the mathematics
classroom as an intermsciate sampling unit. Classrocms at each grade
level were chosen randonly from among the classroons whose teachers
vclunteeres to particlipate in this study. Wwithin eazch classrcom all
students were asked to participate. However, only students who returned
a signed letter of permissicn {rom & parent could participate in the
study. 4 larger number of Tth and Yth zrzde classes than other zrade
classes were chosen since past ressarch has indicated that these might
be critical times for =tudent asttitude change.,

Table A summarizes the number of classrooms sampled

n

t each grade
level and the participaticn rates within =onocls, gredes and classes.
ihe total sample included approximately the same numbter of boys and
sirls; pirls making up 53% of the =zample {zee Teble ).

The parent sample included the mothers and fathers of the student
subjects in the Year 1 sample. both parents of 6Z4 of the participating

students conpleted thne questionnaire (sse Table (). ror another 18% of

the subjects, a gquestionnaire was recelves from only cone parent. Only
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one parent completing a guestionnaire may reflect the existence of
either 2 single parent family ¢r the cooperation of only one of two
parents. OSince we did not have access to information on family make-up,
we cannot distinguish beiween thesse two cases.

The teacher =ample included all teachers in the sslected
classroems., A subset of these classrooms was observed., All teachers
completed the guesticnnaire,

At the beginning of the second yzar of this study (Fall 1478)
students and their parents were administered & questionnaire similar to
the one they had completed in the first year., Each student's current
matnhenatics teacher was asked to complete a rating scale., Table D shows
the number of students in each srade level who completed guestionnaires
in poth years of the study. lilnsty=four percent of the students were
relocated in the second year and completsd the guestionnaire. In
coatrast,; as is shown in Table £, the resturn rate of parent
guestionnaires in the sscond year was low {857). Thus, a lonzitudinal
analysis of the parent data was nob completed.

Gantrel, The contrel sample consisted of a sample of students from
grade levels 5tnh to 12tk inclusive. 1he sanple was drawn during the
second year Ivom tne game schools and one additional hisn school. In

rooms served as tne

[

grades ive throuzn nine, mathenatics c¢las
intermediate saxpling unit. Classrcoms at each grade level were
randosly cnosen from the sample schocls and from smong the classrooms
vhose teachers volunteered to participate in the study. Some of these
teachers had participated in the project in the first year. 411
students, within each classroon, were asked to participate. Stiudenis

who returned = signed letter of permission from a parent participated in



the study. Table F lists numvers of students by school, grade and
class. 1n grades ten through twelve students were chosen directly from
student lists. OUnly students who were enrolled in college preparatory
mathematics classes were chosen for the high school math sample, i.e.,
10th graders who were enrolled in geometiry or accelerated geometry, 11th
graders who were enrolled in second year algebra, pre-czliculus or
advanced placement pre-calculus and 12th graders who were enrclilled in
math anaziysis or caleulus.

Control =sample dats were first compared to Year 2 data of the
originel sample to asszess test-rebest effects. Ko zignificant effects
were found. ‘lherefore, these twe data sets were combined for purposes
ol all enalyses, except the longituginal analysaes.

The parent sample included the mother and father of all control
student =subjects. koth parents of L9% ¢f the students in this szample
completed guestionnaires; 134 of the students had data from one parent
only (see Table (). Vata vere also gathered from the mathematics
teachers of 21l students in grades five throush nine. High school

teachers were rnot asked to participate =ince students were not sampled
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PARTICIPATION RATET OF YEAR 1 SAMPLE WITHIN
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SFirst-year alseora classes with both 8th and Gth grade
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TABLE B
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TAELE D
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GElikkal, ANALYTIC PROCEDURES
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Lata analysis proceeded in four distinet phases. The first phase
included the descriptive analysis of the data. These analyses, in
keeping with our interest in developmental trends and sex discrepancies,
sxamine¢ the distributions of variables in the population as a whole as
well as within sex and age groups. Additional groups within the sample
were ccorparec. These comparison groups included mothers and fathers,
parents of daughters and parents of sons, and students with high and low
math expectancies
Belational fAnslvses,

In phase two, bivariste and multivariate reletions were examined.
Correlational, regression and multivariate contingency table znalyses
were used to assess relations of variables within and between testing
times. rnegression techniques alleowed us te estimate the relative
importance of variables in predicting cur major dependent variables:
cxpectancies, values and course choice. Kultiple rezsression on the
deried data sets allowed us to compare the relative power of classroom
pehaviors, parent attitudes and student attitudes in predicting student
attitudes and plans.,

& variant of multiple regression, linear discariminant funotion

i
1]

nziysis, was planned for use in this phase of dataz anslysic,
s ¥

Liscriminant function analysis {(DFA)Y is a multivarizte technigue that

determines which lireszr combination of verizbles best discriminetes
between two or more zsroups. DFA was ©o be Used to determine thoss

variables which discriminated between the students planning to continue

or actually continuing to taxe zavanced math and these who were not



continuing in math., These analvses could not be performed since 95% of
our sample either planned to or did continue in their math studies.

To zssess relations among cordinal ang categoriczsl varisbles in cur
data set, we used a multivariate conitingency table analysis known as
sCTA (Everyperson's Contingency Table Analysis). The ECTA progranm,
prepared by ray and Goodman, is one of the most widely used techniques
ariging from log-linear modelling procedures. Because ECTA makes no
assumptions regarding the normaiity of the distribution and the absencs
of interaction, it is particulariy well suited to the analysis of this
type of data. Another advantage to the ECTA system lies in the
analyst's ability to compare the goodness of fit to different patterns
of relations within tne data. Patterns of relaticns, or models, ars
specified by the analyst in an attempt to explain the "activity" within
an n-way contingency tsble. 'The relations specified in a model zre
those variables wiieh show 2 sinzle or marginal effect, zn association
between two variables, or interactions among three or more variables.
Eny effects not =pecified are assumed to be contingent only upon the
ire model fitting process is hierarchiecal in nature, thus
lower crder effects {e.s. sincle or merginsl effeots) are also estimated

in the test of fit when 2 bivariate or trivariste relationship is

tn

specitied, The maxioun likellnood estimation process is then forced to
it &ll possible mergzinal totzls. The likelihocd-ratio chi scuare

statistic (Lfia<) used in the estimation process te

o

Le the discrepancy

m

cetween expecied and observed freguencies. £ non-siznificant LRXZ
ingicates little discrepancy betwsen expected znd chserved frequencies,

-

and a model which fits tipe data.  The signifi

ot
¢l

ance of improvement a

gecond model might offer over z first can be estimated by taking the



difference in LKXZ and degrees of freedom and locking for a significant
LEXZ. 1In adeition to model testing and comparison, ECTA also provides a
Lambda statistic based on loge of odds ratios in the contingency table
to pinpeint specific associations amcnz levels of variables,

inzl £rnalyses,

ihe cecliection of date at two points in time strengthens one's

o

ability toc make inferences regarding the causal directicon of
correlationsl relations. Our analysis plan included twe longitudinal
statisticeal technigues which strengtnen causal inferences and test
causal models: Cress-lagped panel analyses and Anzlyses of Varisance,

Cross-lagpged panel ccorrelations (CLPC) is & technique uvsed in

evaluating the evidence for causal inference. The CLEC program examnines

M

the correlations between pairs of variabies collected at & minimum of
two points in time. Significant differences between the values of Lhe
eross lagoed correlations (rxilyz and rxZyl) indicate that one variable
of the pair is causally dependent upon the other. CLPC wae used szs a
preliminary step to model testinz., 1Inese analyses were used te clarify
the causal relations between varizbles such as the studenbs! perceptions
ol their parents' expectancies for tnem in math snd the students!
expectancies for math performance.,

It was Sehalets contention that the zpplicaticn of anslysis of

variance techniques coxbined with the use of cross-sectional anag

the uncenfounded effects of the three parasenters of his General
Lbevelopnental wtodel {(Schnzie, 1%55). Such anzlyses would, it was arzued,
result in separate estimates of tne cohert, time of measurement and ace

=

parameters of the model. Scnale's contention was contested on
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conceptual ground by Ealtes and others (see MNesselroade and Baltes,
1974). Adam (1973) has recently demonstrated that uan-confouned
estimates of the three parameters cannot be obtained. With this
evidence in mind, we have accepted Baltes!' position vis-a-vis the
General Uevelcpmental Model. Baltes contended that a given design
inevitably confounds twe of the three effects. In our desizgn we have
cnogen to counfound time of measurement with the cther two effeots,

We agopted the cohort-sequential model of data analysis for use in
this investization. The cohort-sequential model varies cohort and age
wnile confounding vime of measurenent. In our design, cchort effects
are identiczl to effects ¢f srade in school. HMore concretely, the data
analysis ol the cchort-sequential model was perforied as a cohort {(7) x
sex (&) % age (Z) AHUVE with repeated measures on the factor of age.

rach of the student attitude scales served as

5]

dependent variable in

*

these analyses. 'Tne results of these analyses are summarized in the
text.

In addition, two series of control analyses were performed. These
are sunmarized in Tables A and B. In each case, data from one year of
tne lonzitudinal sample was coupared to a control sanple of students
tested only in the second year. Irn the first seriecs of control
analyses, detas from the year one sanple and econtrol sanple were examinza
for cohort, sex and time of measurement erfects with s 5 x 2 x 2 fully
crossed factorial AwGVA., The absence of time of measurement effects is

reater external validity of the study in terss of its

s

eévidence for the
replicability across t ze. The second series of control anzlyses used
data from the second year ang from the control samples. Thess datz wers

examined [or cohort, sex and testing effeots,
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testing effects incresses cur confidence that practice effects did not
bias our longitudinal findings.
bodel Testing Analyses.

ihe final phase of analysis, that of model testing, integrates the
knovledze obtained from prior analysis with our theoretical medel in the
conveptuslization and gveluation of cur model for predicting choice
benavier. The theoretical model tested is presented in Figure 1 of the

text. ostancard path anaiytic procedures were used to evaluate the

utility of this model,
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