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Backaround

Focus of Project. As stated in the first report. the aim of the analyses
for this proiect is to characterize the science-oriented behaviors of students
as they move throuah high school into college. The study concentrates on three
educational time points: (1) sophomore vear of hioh school; (2) senior vear of
high school; and (3) tuo vears after high school araduation. The sample of
students considered here is a random sample of hiah school araduates from the
Class of 198Z. uwhich means that we may oeneralize results to all hiah school
araduates of that vear. In the first report. which was primarily descriptive.
the movement of students into and out of science was examined. \In that report.
"science" uwas broken doun into four separate fields: health and life sciences.
engineering. computer and information sciences. and physical sciences/

mathematics.

Summary of Findings from Report 1. The maior finding of the first report
relates to the slou attrition of students from the science pipeline as they move
along in their educational lives. Even with this attrition, about a quarter of
all students who either intend to or actually attend college indicate their
intention to pursue a major in science. Of the four fields considered. by far
the most popular are the health and life sciences., folloued by engineerinag and
computer science. Lezst popular are the physical sciences. The relative
popularity of each of these scientific fields is stronaly related to aender.
Althouah there is close to gender parity in the life sciences. women are
seriously underrepresented in engineering and the physical sciences. and
somewhat less likely than men to major in computer science. Clearly., the more
guantitative a science field is. the less likely it is to attract women.
Althouah there has been proaress in this area within the last decade. the
serious aender balance uhich favors males continues. While minorities are also
underrepresented in the sciences. particularly in the more quantitative fields.
this is in part due to the fact that minority students are underrepresented in
higher education. That is. minority students seem to be doubly disadvantaged 1in

terms of representatation in the sciences.

tilthouagh previous research on this topic has focused on the attrition from

the sciences. a quite striking finding is the movement into. as well as out of.
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change is nemative. laroe numbers of students move into science from non-science
fields as well as moving out. In fact. movement in and out is more typical than
persistence, Houever, the academic achievement levels of students moving into
science is slightly belou that of students uho persist (but also higher than
those who leave), and the neu entrants are more likely to come from the
non-academic (1.e. aqeneral or vocational) tracks. This could be interpreted as a
pattern of "declining quality" for neucomers to science. Students uho leave a
particular field of science are considerably more likely to move out of science

completely than to move to another scientific field.

Focus of Report Z. All of the analyses for the first report uwere
descriptive in nature. which meant that they took into account only one or tuo
variables at a time. Consenuently. the analyses made no adijustment for the fact
that many of the independent variables uwhich relate to science majoring have
previously found to be highly related to one another (for example. social class
and race. or academic track and coursetaking). Neither.did those analyses
incorporate tests of statistical sianificance for the observed differences
betueen arouns. In this series of analyses, such multivariate relationships
become the focus. More specifically. the analyvses in this report build on
several interesting findinas from Report 1. In particular, there are six

specific questions which comprise the focus of this report.

o Persistence in science. This set of analyses builds on the information
supplied in Table IV-D. uhich investinated the science-oriented behav:ors
of those students who uere in college and who indicated they planned to
major in science. Specifically. hou many of these students had been in
science in previous vears? If so. did they persist in the same fields
the started in. or did they change from one science field to another? Hou
differont are the tuo aroups of "persisters" (field persisters and
science persisters) from a third aroup. those students who came into
science from non-science fields at either transition point (science
miarants)? Since the sample sizes for these aroups of students are
relatively small, it is unfortunately impossible to examine thessa
patterns separately by science fields, as in Table IV-D. Instead. a
causal model containinag backaround, school, and behavioral characte-

ristics which best differentiate the aroups is constructed. after
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investinatina the statistically significant mean differences betuween the

aroups on a large number of independent variables.

Predictors of choice of science major. Amorng students who plan or attend
colleae and uho have selected a major., uhat characterizes and difieren-
tiates those who choose science from those uho choose non-science fields?
Since uwe know that manv in-school behaviors and outcomes are related to
student backoround character:stics. here ue evaluate the strenath of
these relationships net of the effect of student and family backaround.
The analyses investinate choice of science major for tuo slightly
different (but overlapping) samples at tuo time points. First. student
behavior at senior vear of high school is examined for those students who
have not eliminated the possibility of attendino colleqge. These analyses
include statistical controls for backaround., ability. characteristics of
the hiaoh schools the students attend. their curriculum track. and their
behaviors and outcomes {coursetakina. tesi scores, aspirations, and high
school orades). 1In such an analysis. ue address such questions as. "What
is the effect of enrollment in the academic track or: the probability of
choosinno a science major. once ability and course enrollment are held
constant?”, or "Are black students less likely than uhites to choose
science, once uwe adiust for their social class and tvpe of hiah school

attended?”

Using essentially the same model. the analvsis is extended to the college
time point, for those students who attended college and selected a major.
In addition to the same statistical controls mentioned above. the
colleme-level analyses include adjustments for science choice in high
school (i.e. the dependent measure in the first analysis), tvpe of
collene attended. and behaviors (arades. arade-level status) i1n collecqe.
As before. the analyses focus on the probability of choosing a major in
the sciences. Thus., a typical guestion which may be explored in this
analysis 1s, "Houw stronolv does previous courseuwork in science affect
collene choice of science. once ability. test scores. and arades are

taken into account?”

Miarants i1nto science. We found in Report #1 that there 1s considerable

movement i1nto and out of science i1n the hioh school and sarly colleaqe
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vears. These analyses investinate tﬁé characteristics of students. their
hioh schools. and their academically-related behaviors which differen-
tiate students who miarate into science from a non-science field betueen
their sophomore and senior vears of hioh school. compared to their
counterparts uwho remain committed to non-science fields. 1In particular,
we seek to identify particular math and science courses (and their
performance in math and science) uhich increase the likelihood for such
movement into the sciences. We seek ansuers to such guestions as. "Is
student experience in bioloay. chemistry. or trigonometry more likely to

encourane a channe of opinion in favor of science?”

Stifled in science? This set of analyses investigates a small but
important aroup of hiagh school students. This aroup of students (a)
expressed interest in pursuing a major or career in the sciences at their
sophomore vear of high school; and (b) scored above average on a test of
aensral achievement. indicating that they had the ability to realize
their noal. Houever., these students also (c) uwere enrolled in one of the
non-academic curriculum tracks (either the general or vocational
proaorams) at sophomore vear. which could limit their access to the
coursework and possibly the motivational framework which would allow them
to actually achieve their noals. In the first set of analyses. this
aroup of students is compared to two groups: (i) their high-achieving
science-oriented counterparts in the academic track; and (1i) their
high-achieving non-academic track counterparts who were not interested

in science. Those comparisons allou us to see if these students differ
more. 1n their subsequent high school and colleae behaviors and outcomes.
because of their track placement or because of their science interests.
If their subsequent behaviors appear to result from track placement. it
would hint that an inappropriate track placement mavy have stifled these
otheruise qualified future scientists. In a subsequent amalysis uhich
compares these students to their high-achievino. science-oriented
counterparts in the academic track. uwe may evaluate the net effect of
track placement on coursetakina in math and science for these otheruise

rather homooeneous aroups.

Quantitative vs. non-guantitative science fields. One finding in the

first report concerned several differences i1n the types of students.

-5-
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uithin those who indicated an orientation to the sciences. uwho choose the

four science fields. Specifically., based on information from Report #1.

ue contrast those students in the life and health sciences (which ue call
"non-quantitative” science fields) with those i1n enagineerina. computer

science. physical science. or mathematics ("guantitative" fields). The |
major differences betueen these tuwo aroups focused on aender (uwith ‘
females much more likely to be in the former group) and ability (with

more able students more likelvy to be in the latter aroup). The analyses

in this section investigate these differences further within the aroup of

colleage science majors. attempting to drau a causal structure of uho

chooses the guantitative or non-quantitative fields. and uhy.

o SAT scores and science. It is taken as an article of faith in the
educational community that student performance on the Scholastic Aptitude
Test. particularly the math section of that test (the SAT-M). is a strong
predictor of performance in college. Certainly. performance on that test
controls access to selective colleges. In this analysis. ue use a sample
of students who have taken either the SAT-M or the ACT-M (combining the
scores in order to increase the size of the sample). Since a aroup of
about 400 students in the sample took both tests. it is possible to
equate the tuo tests in order to compute an "SATM-comparable” score for
those students who took onlvy the ACT-M. This makes the assumption that
both tests measure essentially the same thing. The fact that the tuo
tests are highly correlated (.83) for students who took both tests
supports that assumption. In this investigation. as a validation/sub-
auestion, uwe examine the structural relationships betueen student
backaround and performance separately for science and non-science
students who have taken erther of these tests. Essentially. ue are
comparing the structural parameters for the tuwo aroups of students. We
examine such questions as, "Are gender effects on SAT-M equally strong
for students in science and non-science fields, once their ability,
backaround. and high school experiences are taken i1nto account?"; or "Do
race effects on the SAT-M disappear. once model variables are considered.

and are they equivalent for science and non-science students?"

Data. The source of data for these i1nvestinations is exactly the same as

that for Report | -- the 10,739 students in the High School and Bevond (HSEB)

Q -B-Eg
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study who neither transferred hinoh schools nor dropped out of high school prior
to agraduation. Since many of the analyses in this report focus on subsamples of
this random sample of high school agraduates, sample sizes are included for each
analysis. Statistical tests are based on subaroup sample sizes. of course.
There are {hree sources of data in the HS&B study: (1) self-report data. which
includes all items on backoround. aspirations. and behaviors; (2) test-score
data. from tests administered by HS&B at both sophomore and senior vear; and (3)
data from students’ hioh school transeripis. Course enrollment and arade-point
averane data come from student transcripts, as do SAT and ACT scores. It may he
assumed that data from either transcripts or test scores is considerably more
reliable than data from self-reports. Therefore. whenever self-report data
could be avoided (e.a. course enrollment or arades), transcript data are used.
Test scores are used for ability and achievement in hioh school. A caveat must
be added. That is. it is certainly true that the relationships reported in
these analyses represent lower bounds for the actual structual relationships
that axist amona these variables. since the correlations upon which parametric
relationships are based are attenuated by the less than perfect reliabilities
which result from the measurement error introduced by self-reports. Houever.
this limitation applies to any analyses which use survey data. The details of
construction of all variables used in these analyses are presented in the

fippendix at the end of this report.
Results

I. Persistence in Science

The sample for these analvyses is limited to those students who were in
collene at the second followup of HS&B (February 1984) and who 1i1ndicated a field
of study in the sciences for their major. This sample of 1579 students repre-
sents 14.7% of the overall sample. as stated in Report 1. Those college-level
science majors have been divided into three aroups. based on their past prefe-
rences for fields of study at the sophomore and senior years of high school.
Three aroups representing forms of "survival" in the colleae pipeline were

created:

(1) "Field Persisters:" those students who i1ndicated the same science
field at all three time points. This is 239 students. or less than

19% of the sample of science majors.

-7-

3




Causal Analvsis of Class of 19€2

(ii) "Science Persisters:" those students who indicated at all three time
points that thev uere interested in science., but not necessarily the
same field in which they have declared their majors. This is 277
students. or about 18% of the sample of science majors.

(iii) "Science Miarants:" those students who came into science from non-
science fields (and stuck with it) at either of the tuo transition
points investinated here. This is the larmest aroup of students

(1204), comprising about 64% of the sample.

The mean aroup differences betueen these three aroups on a uide array of
variables are shown in Table V-A. Testino for statistical sianificance amonno
the three aroups on each variable has been accomplished by using analysis of
variance (ANOVR) methods. The significance levels for each variable are given at
the right of the variable name. Since the orouping variable has three levels,
the specific contrasts which contribute to statistical sianificance are not
indicated. Houever, the means for aroups should give an indication of the
direction of differences. There are four difference patterns evidenced in these
comparisons: (1) a steadvy prooression dounuard., from field persisters to
science persisters to science migrants; (2Z) a comparion of the tuo persistence
arouns (field and science persisters) to the science migrants; (3) field
persisters compared to science persisters and miorants; and (4) those variables
on which no clear patterns is evidenced. There are several variables in this
analysis for which no significant relationships among aroups exists. all of
which fall in aroup (4). While only statistically significant differences

are discussed here. the entire pattern of differences is presented in the Table.

Three sets of variables shou a steady deterioration across the aroups of
field persisters. science persisters. and science miarants. The first set
relates to social class. Both student's oun social class and the social class
levels of the schools they attend follou this pattern. with the highest-SES
students the field persisters and the louest the migrants. Althouah these group
mean differences are statistlcallv sianmificant. their magnitudes are less than

.2 standard deviations. Notice that the students in science in all three groups

T
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are of considerably hiaher SES levels than the average of the hiah schools they
attended. This same pattern is reflected by (and certainly related to’ the
minority concentration of the high schools. Another set of variables following
this pattern is the proportion of students in the academic track. Although all
three aroups have over 70X of tleir students coming from the academic track in
high school. the proportion is highest in the "field persister" aroup -- 85%.
Enrollment in academic courses is related to track membership. and thus the same
pattern is seen for the numb2r of academic math and science courses these

students have taken in hiah school.

Perhaps a more expected pattern is the contrast of the persisters in science
(either in the same field or within science) compared to the science miarants.
This pattern is most noticeable in achievement. Efther as sophomores in a test
of general ability. as seniors in math achievement. or in the average achieve-
ment levels of the high schools thev attended. the persister/non-persister
pattern is observed. with scores uniformly louer for the miarants than the
persisters. We also see this pattern for the proportions of the aroups which
are black: the persister aroups are 7% and 9% black. compared to the miarant
aroup. which is 1S% black. The pattern is also in evidence for the tvpe of
college attended. Althouah science students aenerally are less likely to attend
Jjunior (2-vear) colleages than their non-science college-qoing counterparts.
persisters are considerably less likely (22% and 24%) to be in junior colleae
than the miarants (36%). A related comparison shous that persisters are also
more likely (894X and 392%) than miarants (87%) to attend colleae full time. Since
we know that students in junior college are less likely to bLe full-time students
than their 4-vear colleae counterparts. this is probably related to the 2-vear

colleae attendance pattern.

A third comparison shous field persisters contrasted against either science
persisters or miarants. Althouah less loaical than the previous pattern. certain
variables follouw this pattern. The proportion of =ztudents in these aroups who
are Hispanic is 5% for the field persisters. compared to 3% and 10% for the
other tuo aroups. Educational aspirations at either 10th or 12th arades.
although measured on different scales. both follou this pattern. Another
variable where the pattern is evident is i1n the proportion of students who are
sophomores at the end of their second vear in colleae. Althouah quite hiaoh for

all science maiors. the field persisters are considerably higher than the other
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tuwo aroupns (Y04 vs. 76X and 75%). These comparisons. as uell as those in the
"steady proaression"” description., indicate that field persisters as a aroup are

somewhat more selective than the other aroups.

The final pattern =-- really a non-pattern -- is shared by all the non-
significant variables in the an=ziysis. The type of high school or college
attended (i.e. public vs. private) shous no pattern. nor do arades (either in
high school or colleage)., nor does the proportion of students who work (uniformly
close vo 50X of the students)., althouah almost all report being full-time
students as well. The noteworthy difference in this category is for the
progortions ot the aroups which are female. The "science persister" aroup shous
females considerably underrepresented (30%). whereas the other two aroups are
much closer to gender parity (4B% and 48% female). This is a sirong pattern.

the logic of which is not apparent.

Houever, many of these independent variables are likely to be related to
one another. It is therefore possible that some of these relationships would
disanpear if other variables uere simultaneously taken into account. The next
analysis attempts to determine a causal pattern of variables uhich best discri-
minate betuween these three arouns. 1 say "attempts". because the results of the
discriminant function analysis which was run to determine this causal structure
shou that there are feuwer variables that discriminate the aroups from one
another than would discriminate these three aroups from the non-science colleae-
goina population. The results of the discriminant analysis are shoun in Table
V-B.

Although the final analysis included 14 independent variables. only three --
gender, a Qeneral measure of ability, and the number of high school science
courses -~ uere sufficiently "discriminating” to be used to form the discrimi-
nant function. Moreover. in order to "force” more variables into the discrimi-
nant function. a rather non-stringent probability entrance criterion was used
(.10), rather than the more general .0S probability level. Since thece uere
three levels to the arouping variable, two discriminant functions uwere formed.
The first function accounted for 75% of the variance explained by the discrimi-

nant analyveis. and 1s qenerally i1nterpretable. The second function (independent.

-0~
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or orthoaonal. to the first) 1s considerably less important and is generally

uninterpretabie., so 1t will not be discussed. Function | loads heavily on gender

(female). uwithr a negative loadina on both ability and the number ¢ science

Thus uwe have a function which particularly contrasts

The three

courses students take.
aender and the more expected characteristics of science students.
aroups of science students load on this function rather predictably. qiven the
comparison in Table V-A. That is, the aroup of science persisters loads highest
on the function which is hiah on ability and louw on female characteris- tics.
uvhere the science migrants load louest on the function. This confirms the
findinas from Table-V, but also shous that once these three variables are taken
intc account (aender., ability. science courses). other variabhles are rather
unimportant in disciminatina among tvpes of persisters amona the science maiors.
Clearly. these aroups are more similar than they are different. This also alters
the unusual "female" pattern found in aroup means above.

II. Predictors of Science Maijor Choice

The analyses in this section of the report are meant to construct a causal
model to detarmine the characteristics of the students who select a science
major. That is. ue seek to determine the direct and indirect effects of student
backaround. the tvypes of schools students attend. their curriculum track
placement., and their behaviors and performance in hiah school. on the probabi-
lity of their selecting a probable major in science when they get to colleqe.
Following these students into colleae, ue wish to investigate further hou these
variables affect their colleae performance and subseauent choice of major, amain
1n science or not. The investigations are separated into tuwo -- determining a
causal structure for choice of science in hiah school. and usina that infor-
mation about high school science interest to investigate science maior choice 1in
college. Althouah these tuwo investimations are highly related. ue treat each

separately. The samples are overlappina in large dearee, but not completely

equivalent.

A. Hiah school science choice. The students in this sample are those who

have not eliminated the possibility of qoina to college (losina 1926 of ihe

oriqinal 10,739 cases. or 17.9% of the sample). The sample 1s further restricted

to only those who actually indicated an intended maior 1n college (eliminating a

further 2332, or 21.7%Z of the oriqinal sample). These two data filters have

reduced the sample to 6.481 cases. Thirty six percent of the sample (2432

-.l]-
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cases) indicated & mei1or in one of the four science fields. The data analysis
for this investigation has used tuwo methods. First. the tuwo arouss are compared
on the several variables uhich compriise the analytic model. For this first
analysis. which is primarily descriptive. t-tests have been run on the diffe-
rence between th2 means. Althouoh the variables in the model are intercorrelated
(i.e. non-independent). no adjustment has been made to the nominal sianificance
levels of each t-test to adjust for this. since no substantive inferences are to
be draun from these tests. The second part of the data analysis uses ordinary
least sguares rearession to investinate causal relationships betueen variables.
A path analytic framework quides the data analysis. in order to investinate both
the direct and indirect effects of predictor variables on the probability of
majoring in science. Standardized. or beta, rearession coefficients are
renorted, in order that results are consistent across dependent variables
measured in different metrics. Since the final dependent variable is dichoto-
mous (uwhether or not the student majors in science). log-linear or logistic
methods uere considered for this analysis. Houever., it 1s appropriate to use
least squares in place of logistic rearession for an analysis with dichotomous
outcome variables if the distribution of the variable 1s not extreme (Goodman.
1878; Markus. 1873). Since 37.5% of the students in this sample plan to maior 1in
science, this falls within the Z0-80% non-extreme distributions considered
"safe" for substitutina least snouares methods. The path model on uhich these

rearessions models uere based is shown in Fiaure I.

The variables in the model are arouped into constructs. First. ue

investiaate the effect of student and family backaround on the types of high
schools students attend. characterized in part by the compositional nature of
the student population (e.q.., minority enrollment, averaae SES). This set of
relationships is shoun in Path A of the model. Second. the effect of both
studert backaround and ¢ hool characteristics are simultaneously rearessed on
the probability of beina enrolled in the academic curriculum track (Paths B and
€). Third, backaround, high school characteristics. and track status are
simultaneously rearessed on students’ academically-related behaviors (Paths D,
E. and F). In this case. these behaviors are course enrollments in math and
science. Fourth, the# relationships betueen all previous constructs and high

school outcomes (arades and achievement 1in math., as uell as educational

-12-
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aspirations) are assessed (Paths G. H, I, and J). Finally, the cunulative
direct effects of all constiructs on the probability of maiorina in science are
measured (Paths K. L. M. N, and 0). Using such a model allous us to determine
wvhe*her the effects of. say. backaround on science maior choice are direct (i.e.
Path L). or indirect (passing through. say. Paths B and M). The location of the
variable constructs in the model is intended to reflect temporal seauencina to
some extent. That is. backaround is seen as prior to sophomcre vear. and thus
is considered outside. or exotenous., to the model. Hiah school characteristics
and track placement are early in students' hiah school careers. and are thus
measured at sophomore vear. Thr remainina constructs in the model are measured
at senior vear. The uss of arrous assumes a directionality and non-recursiveness

to the causal structure. a co.)mon assumption to path analysis.

Group mean differences betueer: model variables for the science and non-
science students are presented in Table VI-A. For most of the variables in the
model. there are statistically significant differences betueen the aroups.
Science students are of higher social class. less likely to be minority or
female. and.of higher ability levels. The differences in the schools they attend
are not sianificant. Science maiors are more likely to have come from the
academic track. and considerably more likely to have taken more math and science
courses. They have significantly higher educational aspirations. hiaher arade
point averages in math. and much hiagher math achievement scores. Most of these
differences are large. particularly those in coursetaking. and achievement.
Houever., since we knouw that student backaround and track pnlacement is related to
course enrollment and school performance. will these differences 1in student
backaround "explain auway"” the larage differences in academic behaviors and

performance betueen science and non-science students?

The regression models uwhich examine the path model shown in Figure I are
dicsplayed in Table VI-B. The rearessions uhich represent Path A are those where
backaround variables (SES. race/ethnicity. aender. and ability) are rearessed on
three variables which characterize the schools students attend. Social class
and race/ethnicity relate stronaly to larager schools. but the oredictive pouer
of the model 1s louw. Not surprisinaly, all backaround variables (except aender)

relate to compositional features of schools -- the minority concentration and
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the academic achievement level of the student body. Ine second set of reares-
sions relate backaround and school characteristics to the probabilitv of
academic track membership (Paths B and C in Figure I). Social class. ability.
and compositional characteristics relate stronQly to academic track membership.
with more advantaoed and higher ability students more likely to be so placed.
Interestinaly, once SES. ability. and the tvpe of school attended is controlled

for. black students are more likely to be in the academic track.

Hiagh school behaviors arz here typified by the number of math and science
courses students take. and the sets of backaround. school. and track variables
are rearessed on these measures (Paths D, E. and F). SES relates stronaly to
takina more math courses., even after contrellina for ability. Females are
sianificantly less likely to take these courses, especially science courses.
Interestinaly, school characteristics predict coursetakina in math and science.
uith studerts in larner schools., especially those with higher minority concen-
trations. likely tc take more courses. Unsurprisinly. students in the academic
track are much more likely to take such courses. since that is uhat the academic
track is all about. Next, the effects of backaround. school. track. and course-
takino are evaluated on several outcomes of high school -- aspirations for
hiaher ‘education. arades in math. and math achievement (Paths G. H, I. and J).
Coursetakina is a very strona predictor of all three outcomes, as is ability.
Gender is very stronaly related to all three outcomes., as well. Uhereas females
are more educatiormally ambitious and have higher arades (even in math). they
show a louer level of math achievement on the HS&EB test. Note that these qender
differences take into account a general measure of ability. After adiustina for
ability and SES, blacks are also more educationally ambitious., but score louer
i1n math achieve- ment (as do Hispanics). Students in high-minority schools are
more ecucationally ambitious. which probably results from the hiaoher aspirations
of black students. whom uwe know to be larfely Arouped in high minority schools.
Course enrollment in math and science stronaly predict all three outcomes, with
math courses being more important than science courses. The explanatory power
of the models for high school outcomes is considerable., particularly for math

achievement.

_14_
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Finally. we investigate houw these sets of variables predict the probability
of choosinag a science major. The ansuer: not too well, since the model explains
only 8% of the variance. Houever, there are several interesting relationships
in this analysis. For example. even with the considerable number of statistical
ddjustments in this model (including ability. SES, course enrollment. and math
achievement), qirls are significantly less likely to choose a science maior.
Houever . blacks are sianificantly more likely to so choose. after uwe take all
the model adiustments into account. Course enrollment in math and particularly
in science very stronaly predicts choice of science, uwhich is no surprise.
Neither is it surprising that high grades and achievement in math are signifi-
cantly related to choice of a science maior. The small but negative effects of
SES. ability, and school-level achievement are not interpretable. houever., and

probably reflect the collineaéitv of these variables uwith the control measures.

What does this tell us about how student and school characteristics and
behaviors combine to inflicace choice of swience as a maior? First. ue can see
that altnouagh many of these model variables are related to gender. the direct
and nenative effect of being female on science choice is sustained. Second. ue
see that other backaround variables., particularly ability and social class. have
an indirect. rather than a direct. effect on science choice. That is. these
variables are strong predictors of students® enrollment in the academic
curriculum track. In turn, being in that track stronaly predicts what courses
students take. Takina the right courses is strongly related to outcomes of
schooling like achievement and trades, which in turn are stronag predictors of
science choice. Thus. most backaround variables (uwith the exception of gender)
more indirectly than directly affect this choice. throuagh the treatment students
reczive 1n school. It is these academically- related behaviors (track placement
and subsequent course choices) which mediate performance. And students decide
to go into or &void science on the basis of their performance in the subiect
areas uwhich are science. Houever. it hard to avoid noticing that the structure
of schooling -- tracking and courses -- are the central elements in this
picture. Althouah backaround characteristics are largely immutable. and society
as a uhole finds it difficult to directly influence the composition of the
schools students attend (1.e. bright students attend stronglv academic schools.
minority students are more likely to attend relatively seareagated schools).
course enrollment and tracking are thinas that schools and school people can do

something about. This rearession model hints that perhaps uwe should focus our
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efforts in this area., if we wish to influence directly the choice of a science
career or indirectly. throuah the outcomes of schooling which have a strona

influence on that choice.

B. Colleae science choice. Althouagh somewhat more complex. the model of
science choice at the colleae level shares a similar structure for the same
choice at the hiah school level. Thal path model is presented in Figure II.

The left-hand part of the diaaram is identical to Fiqure I, which models
backaround, school. track. high school behaviors. and high school outcomes on
science maior choice as studenits araduate from hiah school. The colleage-level
model adds tuo additional constructs to the predictive model: colleage charac-
teristics and colleae behaviors. We have backaround. school. track. behaviors,
outcomes. and hiah school science choice predictina colleae characteristics
(Paths P, Q. R, §. T. and U). Next. ue have the entire set of dependent con-
structs predictinag behaviors in college (Paths V, W, X. Y. Z. and AA). Finally,
the effects of all constructs in the model on the choice of a major in science
at the colleqge level are evaluated in Paths, BB. CC. DD. EE. FF, 66, HH, and JJ.
Although the model at first alance looks quite complicated. I hope the loaic of
the anzlvsis is clear. This sample of students is someuhat different from

the earlier sample. including the students who are actually in collemge tuwo vears

out of high school. almost all of whom indicated a maior.

Due to the relatively more select nature of this sample compared to that at
the senior vear of high school. many of the mean differences betueen science and
non-science majors have become stronger (comparing Table VI-C with Table VI-A).
Althouah race and aender differences remain about the same., the relatively more
select SES levels of both aroups. and of the science compared to the non-science
aroup. is noteworthy. School characteristic differences remain rather ueak.
Althouah the proportion of students from the academic track in hiah school has
increased for both aroups in the college sample, it 1s also noteworthy that the
difference betueen the science and non-science majors in academic track enroll-
ment has increased. UWhereas there uas an 8% difference at senior vear of hiah
school, at the college level there is a 14¥ difference. Difference 1in high
school math course enrollment has increased as well. as have differences 1in all

three high school outcomes. On every measure of selectivity of backaround or
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hiah school. students who plan science majors are higher. Correspondlv. science
majors are less likely to have attended a community colleqe within their first
two vears of colleqe, and are siQnificantly more likely to have achieved

sophomore standing by the second vear after high school araduation.

Aoain, it is appropriate to ask uhether these relationships will be
sustained in a multivariate rearession model. The path coefficients measured
rearession models shouwn in Table VI-D are very similar to those from the model
on high school science maior choice are very similar (althouah the populations
are someuhat different). and thus are not be discussed in detail. Reflectina
the slightly more select sample in these analyses. the rearession on academic
track in the hiah school model is better explained (i.e. Rz fiqures decreased
from 23% to 19%). Correspondly. in the colleme sample the model predicts the
hioh school outcomes (aspirations. arades. achievement) better. Importantly., the
rearession model for high school science choice 1s better predicted in the
collene-level sample (12X) than the hiah school sample (8%). Houever. the
patterns of variable predictors are very similar -- backaround and school
predicting track and courses, which in turn predict outcomes. which predict

science choice at the end of hiah school.

Unfortunately, the H5&B study contains only limited descriptions of the
collenes students attend. The major college characteristic examined in this
study is uwhether the colleas attended 1s a Z-vear (junior) or a 4-vear institu-
tion. Our model shous that hiah school characteristics are rather strorg
predictors of whether a student attends a junior colleqe, uwith students from
laraer high schools, with higher minority concentrations and louwer averaqe
achievement levels., more likely to qo to Z-vear collemes. In fact. high school
characteristics are a stronter predictor of this than any other outcome 1n the
model. Collene behaviors are typified by students’ self-reported arades and
wvhether or not the student had achieved sophomore status by the end of tuo
vears. The stronagest set of predictors for both colleae behavioral outcomes are
students’ hioh school outcomes. with high school GPA (unsurpriszinqly?) stronaly

predicting college arades. and educational aspirations the stroncest predictor
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of uwvhether or not a =tudent has gotten tuwo full vears of credit in college (1.e.

is & sophomore).

The final model. on choice of colleqe science or non-science major, is
better predicted than at the high school level (uwith 25% of the variance
explained). Houever., the major difference in these tuwo models is the additio»
of the choice of a science major in high school. a very strong predictor of the
same choice tuwo vears later. Otheruise., high school outcomes and the number of
science courses still shou residual direct effects on choice of science major.
Females are still significantly less likely to choose science. even after taking
their high school preferences into account. Likewise, blacks are egually
stronaly likely to choose science, taking all other considerations into account.
This contrasts with the analyses in the first report. uhich shoued blacks to
be less likely to choose majors in the sciences. The structural pattern within
hinoh school is identical in the same model. The fact that high school ouicomes
and aender have a strong residual on colleqe major choice, after taking prior
choice into consideration. may be interpreted to mzan that what happans to
students in high school is quite important in colleqe., despite persistence or
lack of persistence in science. These models shou that it is not louer course
enrollments in high school math and science which inhibit these vounag women's
choice of science, for the most part. 1In fact. it appears that explanatory
models which include only the factors of family backaround. high school. and
colleqe exper1;nces (but omit other socialization experiences and attitudes) do
not allouw a full exposition of this important issue. In fact. data on the

entire life experiences of students is seldom available.

III. Migratina Into Science

Why do students uwho initially indicated they planned to major in a field
other than science move into science? More specifically, wvhat it is about their
experience in high school uwhich encouranes such students to chanae their minds?
This investigation looks at & particular aroup of 3'36 students: +those who uere
not interested in science at their sophomore vear of high school. These
students must also have had plans to go to colleae and have indicated their
potential field of study. Of that aroup. 799 siudents (25.5%) had changed their
proposed major to & science field by their senior vear of high school. The
analvesis has eliminated those students who were consistently interested in

sciesnce while i1n high school. The backaround and high schoo! experiences of
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these tuo aroups of students are documented in Table VII-A. and the differences
betuween the m2zans on each variable tested for statistical significance with
t-tests.

In terms of backaround (i.e. conditions which we assume to be operative
befure the experiences of the last tuo vears of high school). the tuo aroups
differ on neither sophomore-year achievement nor eacademic track placement,
Althouah those who "miarate" into science while 1n high school are of someuvhat
louer SES. 1Z2% less likely to be female (53 vs. B5%). and someuwhat more likely
(11 vs 8%) to be black. Those who miarate into science are more likely to b2 in
high schools uwith somewhat higher achievement and slightly more minority
students. Houever. their coursetaking patterns in math and science. as uell as
their arades in those courses. are considerably different. UWhile there are no
significant differences between the arouns in the proportions who take early
math or sciences courses (Alaebra I. Geometry. or Bioloay I). there are larage
differences in the proportions who take more advanced math and science courses.
There are especially large differences in Calculus (13/vs, 4%). Chemistry I (39
vs. 27%Z). and Physics I (2B vs. 11Z). Again., since we knou that this course-
takino and performance pattern is related to backaround, we must statisztically

adjust for these potentially confounding factors.

Again., we use ordinary least squares to examine the pattern of explanatory
factors which predict miaration into science by the end of high school. Use of
non-logistic methods is again justified by the non-extreme distribution of
science miarators (25.5% of the sample). The results of these rearessions are
shown 1n Table VII-B. sing the identical outcome variable (migrating into
science or not) in all models. the rearessions uwere run hierarchically,
examining the cumulative effects of (1) backaround; (2) hioh school characte-
ristiecs; (3) curriculum track; and (4) hiaoh school courses in math and science.
as uell as performance in math and science courses. Each of these courses 1s
coded dichotomously., uith those who has less that one vear of credit (1.e. one
Carnegie unit) coded "@" and those with a vear or more of credit coded "1". It
should be noted that the coursetakinng and arade performance data are taken from
student transcripts. uhich makes it hinhly reliable. Models 1., 2, and 3 have lou

explanatory pouer (2%). and should thus be be considered as only preliminarv to
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the major analysis -+ MHodel 4 -- uwhere the explanatory pouer is higher (1%}

than for previous model:z, but still moderately lou.
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In all models., females are very significantly less likely to miarate into
science. even after adiusting for coursetakinc and performance. Social class is
8 consistent sionificant predictor, uwith students of lower SES more likely to
move into science. Ability is unrelated to movement into science (except i1n the
final model. uhere its neaative coefficient is likely to be a statistical
artifact of the inclusion of multiple course. Blacks are someuhat more likely
to be among the miarants, although in the final model this difference is not
statistically siagnificant. In examining the pattern ¢f which courses seem to
"make a difference” in terms of migrating into science, 1:2 see that the earlier
courses in the academic math sequence (Alaebra I and II. Geometry, and Trigono-
metry) are not important, nor are courses in Biolooy (I and advancesd) or
Computer Proaramming. Houever. enréllinu in courses in the phy=zical sciences --
Chemistry and Phy=zics (at both the beginning and advanced levels) and 1n
Calculus make a big difference. The culumative arade point average i1n math
appears to be more important to & chance into science than that for science. WUWe
interpret these findinaos as indicating that students initially not interested in
science fields must persist in math to the most advanced level in high =chool
{i.e. Calculus) to really chanae *heir minds. However. positive experiences in
the physical sciences. especially in physics. appears to change students' minds
in favor of science. Since arades in math and science are sure to be highly
related to one another (i.e. they are correlated .64). one variable (math GPA)
has =imply subsumed the other. Houever, performance in this ares is very

s=trongly related to a “"change of heart” in favor of scisnce as a planned major.

IV. Stifled in Science?

These analyses focus on a relatively small aroup of high school studenis.
At their sophomore vear of hiah =chocl. this aroup had indicated that they uere
interested in science as a possible collene major. Moreover. they scored above
the averane for American studentsz on ageneral achievement tes=t. which i1ndicates
that they have the ability to pursue their interest i1n science. Houever. these
students uwere not enrolled i1n the traditional college-preparatory (:.e.

academic) curriculum track. The purpose of these investigations 1s to ses
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uwhiether this "improper" trzck placement acted in some structural manner to
stifle their interest in science. We have selected tuwo separate comparison
aroups anainst which we measure student prooress for the target aroup. First,
thes high- achievement lowu-track science students are compared to their
hioh-achieving counterparts, alsc interested in science, but in the academic
track. If the proaress of the potentially stifled group shous feu differences
with this aroup. ue may conclude that our taraoet oroup is not Etifled. The
second comparison aroup are those high-achieving non-academic track counterparts
vho expressed interest in field other than science. If the tarqget aroup more
closely resembles this aroup than the first., it suaggests that they had been

stifled.

Table VIIF-A, presents these comparisons. with aroup means on a uwide array
of variables for our taroet aroup found in column 3 of that table. Means for
the first comparison aroup. academic track students in science. are found in
column 4. Those for the second aroup ofi which we uwish to make comparisons are
located in column 5. The data in columns ! and 2 describe students in the
belou-averane achievement aroups interested in science. for the non-academic
(column 1) and academic tracks {(column 2). In general, our target aroup more
closely resemblesttheir lou-track non-science counterparts than their high-track
science counter- parts. This is the case for SES. race. the proportion taking
college-placement exams (SAT or ACT). educational aspirations at 8th. 1@th, and
12th arades. arades in math. SAT math scores (for those who took the test). the
proportion working four vears after graduation. the proportion of the aroups
attending college, and (for those in cclleme). those attainina sophomore status.
On other measures. the lou-track science students fall miduay betueen their
lou-track non-science counterparts and their hioh-track science counterparts.
This is the case for the number of math courses taken in high school and
achievement in math in the 1Z2th arade. Only on a single measure -- the
proportions of the aroups which are female -- does "science” affiliation appear
to make more difference than track affiliation. Houever, anain ue knou that
these factors on uhich the aroups differ are interrelated. Therefore. ue must

use multivariate methods to untangle these relationships.
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To determine the nzt effect of these independent variables on membership in
these aroups. a three-level variable which categorizes these aroups was formed.
and discriminant function analysis employed. The analysis employed the several
variables on which the three aroups varied most markedly. from the data in Table
VIII-A. The results of that discriminant analysis sre presented in Table VIII-B.
The method is the same one used earlier (in Table V-B) to examine science per-
sistance patterns. Althouoh two functions uere formed., the first explained the
larae majority of variance in the combined analysis (85%). Therefore., only the
first discriminant function is discussed. Several variables have entered the
function. shouwing that there are important differences betueen the aroups. High
school course enroilments in math and science loaded highest on the function. as
did ability (despite the fact that our aoroups are from the top half of the
ability distribution). achievement in mathematics. and educational aspirations
at 8th arade. Grades and aender (female) loaded negatively. Several other
variables did not enter the function. despite the rather unstringent .10

probability level! entry criterion used.
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The function is typified primarily by laraer numbers of math and science
courses. and by higher achievement. The three aroups loaded (rather
predictably) on this function as follous: the two non-academic track arouns
loaded nenatively. and the acaoemic track students load positively. This
indicates that track enrollment is more important in discriminatino students who
take a lot of science and math courses (and do uwell in math) than is interest in
science. Houever, uithin the tuo lou-track aroups (1 and 3). the science-
oriented aroups was relatively more hiohly loaded on the function. Houever.
interest in science appears to be secondary to track enrollment. These results
may be interpreted as indicating that incorrect track placement has in fact
slifled the students who expressed interest in science from taking the courses
(and experiencing the resulting higher achievement levels in math) that make the

eventual college major in science possible or probable.

e pursue this question further with rearession methods. In this analysis.
the sample of 1875 hioh school sophomores of 3bove-averane ability interested in
¢cience (Groups 3 and 4 on Table VIII-A) 1s emploved. Specifically. we investi-

aate uhether the non-academic track placement of our "stifled" agroup is a

-22-




Caucal Analysic of Class of 1982

limitino factor on the number of academic math courses these students take 1in
high school. The analysis. presented in Table VIII-C., is done in three steps.
The first model (column 1) includes only backaround veriables {social class,
race/ethnicity. and aender). Social class is a streng predictor of math course-
taking -- much stronaer than either race or oender. The second model (column 2)
includes the same backaround factor. but includes ability. Even for these
above-averane science~oriented students. ability (as well as SES) is stronaly
associated with coursetaking. The final model (column 3) includes backaround.
ability, and track placement. It is clear that track placement is strongly
related to the number of math courses taken by these students., even after their
ability. social class, race/ethnicity. and gender are taken into account. 1In
fact. academic track placement is the strongest nredictor of coursetaking --
stronoer than abilitv and much stronger than SES. Thus, it may be concluded
that academic track placement is vital for the pursuit of the courseuwork in
mathematics which has been shoun to be so important for pursuina a major in the
sciences. We would conclude that students interested in science. uith the
demonstrated abilitvy to pursue these interests. are structurally stifled in that
pursuit if thev are not enrolled in the academic track. The fact that over
one-quarter of all science-oriented high ability students sre thus limited by

this placement is troublinqg.

V. Quantitative vs. Non-Quantitative Science

In the first report. ue found that the arcup of coileme science majors is a
rather heterogeneous aroup. Houever. the aroups of students maioring in each
particular science field in collene are too small to support separate analyses.
Houever. it is possible to aroup science majors into guantitative and non-
auantitatve fields. Specifically. amona science majors in college we investigate
here the cuusal factors which indicate which students choose non-guantiative
(life and health sciences) or guantitative (physical science. math. engineering.
and computer science) fields of study. as uell as identifyving some rezsons for
this choice. The model for this analysis resembles the path model used to
investioate the choice of & science major in college (Figure II). Houever. the
model for this analysie (see Fiqure III) differs in one fundamental characte-

ristic -- the final construct of uhether the 1581 students in th:s sample choose
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auantitative or non-quantitative fields. Ue knou frém previous analyses that
36.3% of this aroup (574 cases) choose the bioloaical or health sciences.
Houever. except for the outcome variable and the sample. the analvses for F1quée
Il and III are similar.

§1 - - - = o o

Insert Fiaqure III about here

Mean differences betueen these tuwo aroups of science students are dizplayed
in Table IX-A. onain with the statistical sianificunce betueen the aroups
determined by t-tests. As seen previously. females in science are much more
likely to choese non-quantitative majors (83 vs. 32%). Several other diffe-
rences show the quantitative science maiors more select: hicher ability., more
likely to be from the academic track in hiagh school. takina more math (but feuer
science) courses in hiah school. with higher arades and achievement in math, and
8% more likely to have also planned a sciznce major in high school. Quantitative
science majors are sliaghtly less likely to be in Z-year than 4-year colleaes and
to have achieved sophomore standina tuv vears out of high school. These latter
differences are not statistically sianificant, houever. On only tuo measures
are the non-quantitative science maiors more advantane.: they have taken a
vear more of science in hiah school (3.3 vs. 2.1 vears) and they are =liahtly
more educationally ambitious. As before. we need multivariate methods to
untanale this set of highly interrelated aroup differences. We aoain employ OLS
regression with this dichotomous outcome variable. because of its non- extreme
distribution (i.e. B3.7% of the sample chose auantitative maijors. The explana-
tory pouer of these analyses is moderate to strona. uwith the final analysis

explaining a credible 21X of the varience.
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Discussion of these path analysis results will focus on the final model
(right hand cclumn? . chizh cizmines the probability of choosing a guantitative
science maior. As in the previous analysis which examined choice of a science
maior in college (Table VI-D), ue see females less likely, and blacks more
likely, to select a guantitative science major. Houever. these differences ar-
much stronger in this analysis. That is, females are much less likely and
blacks considerably more likely to choose quantitative fields. Recall that

there uere no sianificant race/ethnicity differences betueen aroup means 1in
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Table IX-A, but these have emeraed in th:e multivariate analysis for blacks (but
not Hispanics). The number of high-school science courses iz a neagative
predictor of choozina a guantitative major., also reflectino the aroup mean
differences seen above. Other strong predictors of guantitative major choice
are educational aspirations (negative) and achievement and arades in math in
high school (positive). College-level predictors in this analycis are not
staticstically sianificant. 7he someuhat anomolous results seen in these
analyses is likely to be explained by the fact that a larae proportion of
students choosina the guantitative science major are in engineering (406 out of
1007 students. or 40.3%). In particular, few females choose enoineering, future
enaineers probably take more math and less science in high school than other
science majors., and since the majority of enaineering iobs do not reaquire
advanced dearees., these students probably account for the negative coefficient
for educational aspirations. Because these quantitative "science” majors are
mostly mathematical majors (ennineering. computer science., and math). students'
coursetaking and performance in mathematics rather than science is likely to

drive these path analyses.

VI. SAT Scores and Science

One of the major advantanes of this sample of HS&B students is access to
their transcripts. On this file. we have standardized test scores for those
students who took the national colleae ertrance exams. Of our sample of 10,738
high school araduates. 2.964 has scores on the mathematics section of either the
SAT or the ACT. and 383 has scores on both. For those 383 students., it was
possible to equate the scores on the tuo tests., by rearessing ACT-M score on
SAT-M score. We computed a "virtual" SAT-M scores. which we have called "SAT-M
(X). The details of this computation are found in the Appendix. The question
which is addressed in these analyses focuses on the causal factors for SAT-M
performance. Specifically. ue compare the causal relationshins for two groups of
students of special focus in this study -- those who have expressed the
intention to maior in science. compared to those who plan majors i1n non-science
areas. Since the SAT test is taken 1n students’ senior vear of high scbool.
their plans for colleae maiors are also taken from senmior year. The results of

these analvses are displaved in Table X-A.

~25-

ERIC 27




Causal Analysic of Class of 1582

The rearession models shown in Table X-A are somewhat different from

those shoun previously. .nstead‘of a path analytic scheme., these rearessions
are hierarchical. That is. sets of variables uhich represent the constructs
described earlier -- backaround., hiah school characteristics., track. hiah school
behaviors. and high school outcomes -- are entered into the rearesson models in
aroups. In this way. one can evaluate two thinas: (1) the addition to the
proportion of variance explained by cach set of variables. or the qain in the Rz
fiqure when each variable set is added to the model; and the chanae in the

relationship between certain backaround variables and the outcome uhen

additional sets of variables are controlled for.

Several relationships are consistently strona in these models. The stronagest
(and least surprising) effect on SAT-M score is the 1@th arade achievement/
abiity test. Althouah that relationship is attenuated slightly by additions to
the model. it remains by far the strongest effect. Therefore. one should
realize that all other relationships are net of measured ability. A second
consistently sianificant relationship is that of social class. Houwever. the
most noteuworthy and most troubling observation in these analyses is the enormous
sex difference 1n SAT-M scores favoring males, a difference which is sustained
in all 5 models. The standardized (beta) coefficients for females ranage from
-.1@ in model 4 for qirls not in science to -.17 for Qirls in science in model
5. These standardized coefficients are equivalent to score deficits in the ranae
of 20 to 37 points. In these models, uhich adjust for backaround., ability. and
-- most important -- for the coursetakina differences for women in math and
science. uwomen are still at a serious disadvantaoe on this important test. Even
more striking, the females who have expressed an interest in the sciences shou a
slightly laraer disadvantane vis-a-vis their male science colleaques than the

non-science Qirls. This finding is very disturbingl

In aeneral, the predictive models for students in science are slightly better
than those for non-science students. That is. the proportion of variance
explained by the models is consistently higher for the students 1n science than
those in non-science. Since the variables in the predictive model are not

science-specific (expect. perhaps. for math and science coursetakina). I can
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venture no evident explanation for this consistent pattern except. perhaps. that

the variables for science students are somehou more reliably measured. We have
already noted that sex differences are stronaer for science students. Ability
relationships are also stronaer. Houever, the coursetaking variables exert a
slightly ueaker effect on SAT-M scores for the science aroup. presumably because
there 1s somewhat less variability in coursetaking for science students. It
should also be noted that race differences, althouah small and neqative
throughout, are auite small once students® social class and ability levels are

taken into account.

The prediction pattern for SAT-M scores is quite similar across the science
and non-science students. Houever., the fact that the models predict better for
science students. the fact that the male advantage is stronger for science
students but the coursetakina differences ueaker is noteworthy. As ue have seen
previously in rearession models. the variables which are temporally closer to
the SAT test -- grades and courses -- shou stronaer effects than many other
model variables. However., the agender difference and the ability relationship are
both very strona and very consistent. Other than the consistently stronger
prediction pattern for science students. there is not a markedly different
causal structure for science and non-science students in predicting SAT math

scores. That is, the results of this test have important implications for &sll

colleqge-qgoing students. renardless of their intended field of study.

Discussion

Summary of results. The findinas from this second series of analyses for
the proiect on the hiagh school-colleae transition for potential scientists and
engineers are 1 -+es straiohtforuward than those from the first report. We first
at*empted to define differences in the pre-colleas bhehaviors amono three aroups
of students uwho indicated they planned to major in science -- those uho had
shoun a consistent pattern of interest in a specific science field. those who
had consistently indicated interest in science (field persisters)., but had
chanaed fields within the sciences (science persisters). and studenls who had
chanaed into science from non-science fields (science migrants). In general,
the tuwo aroups of persisters were someuhat more select than the "migrants”. in
terms of abilitv or achievement. social class. and educational aspirations.

Minority students uwere less likely to be among the tuo science persistence
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arouns. as well. The general ranking of the three aroups uwas prosressively less
select on cther measures. especially the number of math and science courses
taken in high school and (relatedly) the proportion of students in the academic
track. One strikino example of an anomoly for these aroups is that females uere
less likely to be amona the the science persisters than the other tuo aroups.
Houever ., a multivariate discriminant function analysis shoued a weak differen-
tiation pattern betueen the three aroups. with more females. louer ability. and
less high school courseuwork in science differentiating the miarants from the
science persisttrs. It seems that these three aoroups are reasonably similar
when compared to the rest of the college-qoina population on science-related

behaviors.

In causal analyses predicting science major choice at the hiaoh school and
collene levels, an understandable and unsurprising pattern of relationships
emeraged. Social class is related to science majoring, but indirectly. throuah
both the tvpes of schools students attend and their probability of being
enrolled in the academic curricular track in high school. Ability is also an
indirect predictor. passing throuah academic track placement. course enrollment
in science and math. and (of course) math achievement. Gender is stronaoly and
directly related to science major choice. even after takino ability. achieve-
ment, track slzcement. coursetakinag. and arades into account. with females
siagnificantly less likely to choose science. Once the social class and ability
of black students is controlled for. they are more likely than whites to choose
a8 science major in bigh school. Of course., society does not make these adjust-
ments, houever. The strongest direct effects on science major choice. in
addition to aender. are coursetaking in science and math. and hioh performance

in these areas.

When ctudents oet to coileme and choose a maioir. the prediction pattern for
backaround and hich school behaviors is very similar. Once the maior choice of
science/non-science in hinh school is held constant. houever, the major predic-
tors of science major (in addition to persistence in science) are performance in
high school. high school coursetaking in science. beina black. and being male.
That is. even after considering the sirona relationship for persistence in
science from high school to colleame. black students are still more likely, and
female students less likely., to choose science. Althounh uwe knou that feuer

blacks actually choose science, compared to thier proportions in the college-
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qoina population. it seems that <heir disadvantage in terms of backaround,.
achievement levels. and hiah school and colilege experiences explain that under-

representation. This is not the case for females.

Taking certain courses in high school -- particularly advanced math and
ohysical science courses -- and doing well in them appears to be a major
facilitating factor for students uho "miarate” into science during the last tuo
vears of high school., Although all academic math and science courses are
positively related to a neuly expressed interest in science, it is taking (and

succeeding in) calculus, physics. and/or chemistry which appears to be

who earlier had stated plans to maior in a non-scientific area. Reflecting
earlier analyses., females are less likely., and black students more likely. to

migrate into science.

|

|
particularly encouraging for movement into science for college-bound students

|
The relatively small but important agroup of high-achievina students !
interested in science but misplaced in the non-academic tracks at their |
sophomore vear of high school appear to be discouranmed from persuing the
requisite courseuwork in high school math and science that would lead them to
realizing their aspirations in the sciences. When comparing this "misplaced"
aroup of students to both counterparts interested in science but in the academic
track. and to students uho are high achieving, not in the academic track. and
interested in non-science fields. our target aroup looks more similar to the
latter than the former aroup. This is especially true in reaard to colleqge
going -- SAT scores (for those who took that test). the proportion of all three
aroups who end up in college tuo vears out of hiagh school. the higher proportion
in community colleqges for tho¢~ who make it to college. and the likelihood of
achievinag sophomore status by their second vear. Moreover. it was demon-
strated that academic track placement is a strong predictor of coursetaking in
math. even after taking differences in students' ability and backaround into ,
account. UWe may therefore conclude that non-academic track placement acts as a
serious siructural limitation for certain students uwho are intere;ted in science
and demonctrate the ability to focus their studies on science. Strikinaly. 27%
of all high-achieving high school sophomores who express an interest 1n science
are in this aroup; +that is. over one-aquarter of all bright science-interested
10th araders are not enrolled in the academic track. That represents a serious

poiential loss of students to the scisnces. in my opinion.
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The first report demonstrated substantial differences betue2n students
majoring in different science fields in college, primarily between those
choosing bioloay and health scieﬁce fields and those in phiysical science.
computer science, engineerino, and mathematics. Muliivariaie analyses indicate
very strono sex and moderate races differences., favoring males and blacks into
the quantitiative fields. Ability is not a factor in these science field
distinctions, but educational aspirations and science coursetaking are. favoring
the choice of life sciences. Students with hiaher achievement levels and higher
arades in math are much more likely to enter the guantitative fields. Many of
these differences are likely to result primarily from the fact that over 40% of
the quantitative science majors are planning a career in engineerinng, a field
which attracts very feuw females, someuhat more blacks. and students typified by
strono skills and interest in mathematics. rather than science. Many engineers
do not pursue araduate d2arees., explaining the louer educational aspirations for

the quantitatively-orientated science majors.

Our finai set of analyses produced even more distressino results in terms of
female passaqe throunoh an important "pateuay" on the path to a career in the
sciences -- the math section of the SAT test. Our analyses have shoun that
females experience a very substantial scorz deficit on this test., even after
adiusting for their ability. their coursetakina patterns., and their arades in
hioh school. Moreover, the "female SAT-M score disadvantaoe" is even areater
for those girls who indicated plans to major in science than for the non-
scientists: 37 vs. 23 points. This difference is close to being statistically
significant. That is. in the someuhat more selective aroup of future scientists,

aender makes even more difference in math test performance.

Conclusions. The causal patterns for predicting science major choice are
aquite understandable and not surprising. That is, it is obvious that students
interested in a colleage major in the sciences take more courses in math and
science., are more likely to be in the academic curricular track. are of higher
social class, and do better in math tests. Houever. the fact that minority
students are more likely to choose science -- especially the guantitative
sciences -- once these thinas are held constant is surprising and rather
aratifvina., While that relationship for blacks is statistically siamificicant.

there 1€ also a positive but smaller relationship for Hispanics. These analvyses
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add some insight to those from the first report. <Clearly. black students are
interested in science. From these analyses uwe conclude that the major barriers
to their choosing science are the structural barriers i1n the social and educa-
tional Process -~ louer social class. less probabil:ty of being placed in the
academic track (and the resulting louer academic emphasis of their courses of
study in hioh school. louer achievement levels. and louwer Probabilities of
aetting to college). Black students' louer achievement scores seem to result

primarily from these structural barriers.

The aender question is more complicated. That is. even thouoh ue knou that
airls still take someuhat feuer courses in high school mathematics (Lee & Ware.
1988) and perform less uwell on tests of math achiavement (most notablv: the
SAT-M). and uwe have included these adjustments in our analyses. females are
still less likely to choose science. Ue have confirmed findinas from the first
report that this pattern of females evoiding science is very stronaly related to
particular fields -- specifically, the physicul sciences. enoineerinao. computer
science., and math. It is troubling that these rearession models. uwhich include
a uide array of statistical controls. are unable to "adiust auay” the female
disadvantane in the sciences uwith controls for backaround. hiah school and
colleae experiences, and math achievement. HMoreover. even after adiusting for
the agender difference in science choice at the senior vear of high school. there
is still a residual female disadvantage in science majoring in colleae (again,
in the guantitative fields only). These are serious findinas. Althouah the
female disadvantage in the sciences has been lonastandina and well documented,
it is very distressing that very larae residual SAT-M score differentials
betueen males ard females exist. and that they are even stronoer for those (feuw)
females who have actually stated their plans for majoring in sciences. compared
to their science-oriented male counterparts. We suagest that the sex diffe-
rences in representation in the sciences are very stronoly (even primarily)

related to the well-documented sex differences in mathematics achievement.

We can only speculate on the explanation for these differences. There are
at least four possibilities. First, there could be a sex-related aenetic
difference. This was discussed in the literature several vears amo (most
notably by Benbou & Stanley, 1880). and uas documented to be stronmest for the
most able students. Houever, these findings uwere heavily criticized (e.aq.,.

Pallas & Alexander. 1883). Second., there may be attitudinal differences in houw
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the agenders view science. math. and aquantitative studies in general. If youna
uomen consider these fields to be either unimportant or unrelated to their
lives, or not useful to their futures. qirls may shy auway from these fields for
those reasons (although the science-inclined young uwomen seem to knou better).
Third, the sex-related socialization differences which are pervasive in
children's lives may act as subtle messages to discourage qirls from pursuing
careers in the science. Althounh the second and third explanations are reason-
ably likely to occur (and to be related to one another). such factors are
unmeasured by HS&B and are thus unavailable in these analyses. Fourth. it is
possible that tests like the SAT-M (and even the HS&B math test) are systemati-
cally biased against females. The fact that the adiusted score differentials
due to race/ethnicity are louer than those due to aender would indicate that. if
the tests are biased. such bias is more serious for females than for racial
minorities. Since none of these possible alternative explanations may be
explored directly with these data. ue unfortunately must add these analyses .o
the body of literature uhich documents sex differences in science and math which

favor males without being able to explain them.

The considerable change into and out of the science for students at the end
of hioh school and the first vears of colleae was an important finding of the
first report. suagesting an effort to identify school-related factors uwhich
encourage student movement into science majors. It uas found that exposure to
certain tvpes of courses. and performing well in them. uas stronaly and posi-
tively related <o "miaration” into the sciences during high school. Houever.
these are not introductory-level. but rather advanced courses -- calculus.
physics. chemistry. and the advanced levels of those physical sciences. 0Of
course. students who take calculus must have taken all of the louer-level math
courses. This suaagests thatr all able students -- and not just those who believe
they "need" these courses for their future -- be encouraged to persist in
mathematics in order to experience calculus while in high school. It also
suoaests that many more students than currently elect chemistry and physics in
high school be encouraged to take these courses. The fact that advanced
mathematics and more demanding courses in the physical sciences are electives
(resulting in lou enrollments in these courses nationally) allous students uho
might be recruited into the sciences to miss the very academic experiences which

miaht "turn them on" to science.
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This sunggests a mcre positive effort on the part of schools to encourage (or
even require) such courses for able students, regardless of students' perceived
need or interest in them. That is., ue suamest a stronoer academic press toward
advanced courses for all students uho can handle them. This is certainly in
line with the current reform movement taking place in America’s public high
schools. Houever, we uwish to add a strong caution to these recommendations. By
identifving "able" students. we would suooest broadina the base considerably.
Exposure to such courses should be available to a wide range of students., nct
lust those high performers in the academic track. Encouraging enrollment in
advanced mathematics means that many more students need to have taken the
beginning and intermediate levels of math. The fact that over a guarter of the
sample of students initially planning non-science majors do not have Alaebra I
on their records, almost half have not taken qeometry. about three-fifths have
never taken Algebra II, and three- guarters have not taken trigonometry suagests
that "access" to calculus is currently being denied to very larae numbers of
students. because of lack of mathematical preparation. Althouoh there are not
specific requirements for chemistry and physics, it is likely that students with
weak backarounds in mathematics shun such courses. We believe that strong
preparation in mathematics for @ much broader ranoe of students is imperative
to encouracing potential scientists into the fields as they =nter college.

This is also related to trackina. which is discussed belouw. Larpe-scale student
choice. without sufficient guidance from school staff. has resulted in a8 general

veakening of student preparation (Cusick, 1383; Pouwell, Farrar, & Cohen. 1985.)

In some sense., the analyses for this report have focused on eauity issues.
That means that I have particularly emphasized questions of race/ethnicity and
aender as they influence orientation and behaviors which relate to the sciences.
Another equity issue I have explored is curriculum tracking. which has been
documented elseuhere 1o be related to social class and race. The finding that
over a quarter of all students who indicate an interest in a possible major
and/or career in the sciences at the sophomore year of high school and who are
above the national average in achievement are impeded in their pursuit of this
interest by the tracking process is troubling. Our evidence suamests that
placement in the non-academic tracks causes these students to take feuwer
academic math and science courses 1n the last tuo vears of hioh school. That
means that the academic proaress of these students seems to have been impeded by

their track placement. with their stated interest i1n science unable to transcend
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2 curriculum placement which restricts their exposure to the necessary course-
work. We conclude that trackino is acting as a structural barrier to their
proaress. Althouah this aroup of students is not laroge (only 4% of all high
school agraduates), it is a not inconsequential seament of those interested 1n
the sciences. Althouah social policy can act only indirect'v on questions of
race/ethnicity and gender, it is easier to imagine policy changes in the
academic organization of schools. If all students who (a) expressed a desire to
pursue higher education, (b) demonstrated moderate or hioher levels of ability,
and (c) uwere willing to invest the effort to pursue more difficult courses in
these topics had access to the academic "treatments” in schools (i.e. those
academic courses) uhich led to the actualization of their desires., our schools
would not present barriers to students. Trackina is the major school structure

that erects such barriers. and tracking practices are chanagable.
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TABLE V-A 1
Persistence in Science: Nsans on Model Variables For Three
Science Persistence Groups Among Collene Science Majors (N=1579)

Persist ir Persist in Entered Science

Same Science Science, Not Field From a
Field in Same Field Non-Science Field
N=298 N=2T77 N=1004

Descriptive Yariables (2):

Persopnal and Family Background:

Social Class #** (3) . 3589 .240 . 183
Z Black #x» .070 ’ .088 . 147
% Hispanic * .052 .085 . 100
% Female »«# .467 .297 .484
% Planning College, Gr.8 . 800 .738 .759
% Planning College, Gr.10 ##% 835 .686 .701
General Ability ##» 58.46 58.31 54.96
High School Characteristics:
School Size 1321 1212 1293
Z Catholic HS .039 . 108 .096
% Private HS .033 .035 . 041
Average SES + .39 . 063 .030
% Minority Enrollment #s+ . 157 . 186 .244
Average Achievement ### 53.56 53.01 52.17
Av.# Math Courses 2.09 2.08 . 1.98
Curraculum Track:
% in Academic Track ### .847 .734 L7111
High School Behaviors:
Homeuwork, Hrs./Ueek 2.32 2.25 2.24
# Math Courses #*# 3. 11 2.98 2.68
# Science Courses »## 3.54 3.25 2.97
High_School Qutcomes:
Math GPA 2.72 2.76 2.66
Educ. Aspirations, 12th ##» 7.32 £.88 6.99
Math Achievement, 12th #x» 26.06 25.82 21.62
SATM-X ##s 516.3 540.5 499.9
Collene Characteristics:
% in Junior College ##+# .222 .238 . 356
% in Private College . 328 .277 .336
College Rehaviors:

’ % in College Full Time ##» .935 .318 .873

} % Uorking, Feb. 1984 .427 .458 .497
College GPA 2.80 2.84 2.79

| % Sophomores in College ***  .895 .763 .747
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Students in this sample are all high school graduates who have indicated
that they plan to major in a science field (health or biological science,
engineering, computer science, physical sciences, or mathematics). Sample
represents 14.8% of 1982 high school graduates.
YA

Precise descriptions of these variables may be found in Figure III.

3

Asterisks indicate nominal significance level from an analysis of variance
on each variable. Significance levels: #=p.0S; »#=p<.01; *+++p<.001.
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TABLE V-8

Persistence in Science: Discriminant Analvsis of Backaground, High School
and Coll~qe Characteristics and Behaviors Which Relate to Group Membership

Sample: Students Who Indicated A College Major in Science (N=1579)

Groups: (1)

(2)

(H

Field Persisters (18.3%). These students were in the same science
field at the three time points measured. N = 238.

Science Persisters (17.5%). These students uwere in science at all
three time points, but not in the field of science in which they
are found in college. N = 277.

Science Migrants (83.6%). These students were in science at the
college time point, but migrated in from having expressed interest
in a non-science field at either their sophomore or senior year.

N = 1004.

1
Discriminant Fynctjon Coeffjcients

Function 1 Function 2
Independent Variables:
Female .17 .53
Ability -.41 .18
$# HS Science Courses -.17 .85
Percent of Variarnce 75.5% 24.5%
Gro adings o iscriminant F tion
Function 1 Function 2
Groups:
Field Persisters -.03 .24
Science Persisters -.44 -.12
Science Migrants .16 -.05

The follouing variables were attempted, but did net enter either
discriminant function: college expectations in Grade B, sociai class, black
racial status, high school characteristics (% minority enrollment, average
achievement), academic track, number of math courses, math achievement in

Grade 12,

senior-year educational aspirations, uhether student attended a

2-yr or 4-yr college, and whether or not student had attzined sophomore
status in college.
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TABLE VI-A
1

Means on All Variables in Regression Analvses for Students Reporting

Interest in Possible Science and Non-Science College Majors

At Their Senior Year in High School (N=6481)

Z 3
Non-Science Science_ T-Statistic
Major Major of Difference
(N=4049) (N=2432)
4 .

Backaround :

Social Class . 105 .89 .91

% Black .087 . 109 -2.90%+

% Hispanic .11 .@87 .56

% Female .593 .467 8.81%*x

General Ability 52.62 54.03 -6.61%%
HS Characteristics:

Average School Size 1284 1286 -0.12

% Minority Enrollment 213 217 -0.65

School Average Ach. 52.13 51.98 1.16
Curriculum Track:

% Academic Track .564 .639 -5.97%»+
HS Behaviors:

# Math Courses (Yrs.) 1.99 2.43 -1Q0.57%2»

# Science Courses (Yrs.) 2.20 2.80 -17.35%%
HS Outcomes:

Educ. Aspirations 6.20 .40 -3.82%%#

GPA in Math 2.23 2.49 -8.46%x*

Math Achievement, 1Zth 17.38 20.35 -1Q.75% %+

Students in this sample must have (a) not eliminated the possibility of
attending college; and (b) indicated a probable major in college.

"Science" includes (1) life and health science; (ii) engineering; (111)
computer or information sciences; and (iv) physical sciences and
mathematics.

3

Nominal significance levels are as follows: #=p<{.05; #*+=p<{.0l;
#»+#=n{_0@1. These values include no adjustment for the fact that multiple
t-tests were conducted on the same sample.
4

Exact definitions of variable construction are found in Figure III.
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TABLE UT-B
1
Ragression Results for Path fnalysis Exaaining Science Hajor Choice at the Senior Year in High Scheol (K=6481)

Dependent Uariables

K i fdnority  fverage  Rcadenic 1§ Rath ! Science Educational Hath  [isth Choice of
Size  [Enrollment Rch'sent  Track  Coorses  Courses Mspirations GOPR fchievesent Science fiajor

Independent Uariables:
Background:
Social Class .09as - O7mer il Joex (e 0] Qhuse ~J3mee 00 -0
Black Jiswe Slem =] 9exe e -0 02 Jleex 0 -09me fens
Hispanic Doenr Thow - |Zam )| -~ -0 02 A2 -fme 13
fenale -0 02 -3 R -0 -0t (Ses 2w - 0O - | (uas
fbility -5 -t Slee Sasn S Jdame Qe Slene Sowax - (07
BS Characteristics:
Schoal Size 0l -D6a - Qo0 2 - B4 02 M2
1 Hinority Enr, Duae R Jowr Quwe R i1 N - .06
fverage Bch. (9w K1 Rij! 4s -0 0w - (Gwer
fuorriculus Tracke
Rcadenic Track 0w W N -Otex Gt -2
H5 Bshaviors:
# flath Courses 1 Gaxx e Joesr (5
# Science Courses Jleae [fvee (9w Z2ena
S Qutcones:
Educ. fispirations -0
6PR in fath s
fiath Achievesent 09
% Uariance Explained:
(R-squared) .02 K7 3l 2 A0 Wi 37 34 J J8

1
Results are presented as beta, or standardized, regression coafficients. Homnal significance levels ars as follous: * = p(.0S:
wr = p( 015 s = p{ 001, Ho adjustrent has been made for the tuo-stage probability sanpling design.
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TABLE VI-C
1

Means on All Variables in Regression Analyses for Students Reporting

Science and Non-Science Majors in College (N=65200)
Z

Non-Science Science T-Statistic
Major Major of Difference
(N=4618) (N=1582)
4

Backaground:

Social Class 172 .232 -2.87x»

% Black . @95 . 122 ~3.12%»

% Hispanic .89 . @88 .10

% Female 877 .448 8.04%x32

‘General Ability 52.99 56.19 -12.682x+»
HS Characteristics:

School Size 1277 1283 -0.26

% Minority Enr. 211 217 -0.90

Average Ach. 52.17 52.58 -2.97%+
Curriculum Track:

Z Academic Track .602 . 741 -10. 1222
HS Behaviors:

# Math Courses (Yrs.) 2.1 Z2.81 -15.9Z2#x»»

# Science Courses (Yrs.) 2.28 3.12 -22.39%»»
HS Outcomes:

Educ. Aspirations 6.35 7.04 -13. 1 7%=+

6PA in Math 2.44 2.69 -14.1Z2%%»

Math Achievement, 12th 17.85 23.20 -17.672»»

Plans for Science Major? .2583 .724 -32.72%»»
Collene Characteristics:

% Junior College .426 . 309 7. 7122
College Behaviors:

College GPA 2.82 Z2.81 ©.79

% Sophomore Status .748 .782 -2.37*

Students in this sample must have (a) attended college at least one
semester during the first tuo years after high school; (b) indicated a
probable major in one of the collepes they attended.
y4

"Science" 1includes (1) life and health science; (ii) engineering; (i1i)
computer or information sciences; and (iv) physical sciences and
mathematics.

3

Significance levels are as follouws: *=p<.05; #+#=p<.Q1; =**x=p<{.00}.
4

Exact definitions of variable construction are found i1n Figure III.

-41~
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Causal fnalvsis of Class of 1982
TRBLE V-0
i
Regression Results for Path Bnalysis Exanining Science Hajor Chnice at the Sopharore Year in [ollege (H=6200)
Dependent UVariables
K5 2 finority flverage fcademic 8 Hath #Sci. Edec. Hath Hath MS Sci. Jumior Coll. Soph. College
Size Enrollnent Achievenent frack  Cowses frses Rspir. 6P  fAch’at Major Coll. 6PR  Status Sei.fajor
Indegendent Uariables:
Background:
Soc’l flass .Q9ess -Q0ser  20es (e fSem 2 J9emr - Jlmen 0 -03 -8 01 00 0
Black Joee Tl -0 (e - [ B0 M0ee -2 -0 10w - 0Peex - 02 050 (7ens
Hispanic Jgese  Jieee - [9em - (s J= 0 -3 03 0 - e -0 -0 -0 03
fesale -0t D3 -2 RiL -0t - e (3 f7aew - (8% - i0we Jias 01 - 03
Mdlity =0 -0 e Tpar Igew Jlem e 9o SIess - 01 -G (5es 01 -.02
15 Characteristics: .
School Size -0 -Jpe - [Saee (Jeee - QGeer  fls 03 JOezs -0 -0 0
2 Minority Enr, Ot -0 Ooers Qo - 03 01 - i0e -08e 02 -4 2
fverage fich, Joer o 2 Ot -06ax  Jlees - f0ess -05+ 03 03 00
Coriculus frack:
Peadenic frack L Jhs fgee-Or 01 -03 -03 Qa2 B -0
#S Behaviors:
% Hath Courses dheee e 725es D¢ 00 -5 S R 2
# Science Courses Jaem o B0 J0wsx 20w - (e 0] 07w 1Iex
S Duteones:
Educ. Rspirations -(lem - 7mee - (33 Z2emx  Q7esn
&P in Bath Jsw - 0h 7pem Q6 (0w
Nath Achievenent JBsr - 15ee 03w Q1 Rl
1S Hajor Plans:
Planning Science Bajor? Ot - fiwer- Ghan Ioaes
Lollege Characteristics:
Juior College SR )
College Behaviors:
follege 6P ~ 03
Sophonore Status RRIv
2 Uariance Explained:
R), 02 M 32 19 3 A T B8 1 oou J5 . 25

— ].._—__
Results are presented as beta, or standardized, regression coefficients. Honinal sugnificance levels are quven as follaus: * = p(.05;
w o= p(01; s = p( 001, Wo adjusteent has been sade for the two-stage probability saspling design.

2

Science and nath courses are strongly callinear. Therefore, the varzence in one Chere rath courses) takes up a substantral asount of the
variance in the other. Interpreting the contribution of on= vs. the other, therefore, is not justified.
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TABLE VII-A

Migrating Into Science: Means on All VYariables in Regression Analvszs for

Students Coming Into Science At Their Senior Year in Hioh School
Compared to Those Choosing Non-Science Majors_ (N=3136)

3
Non-Science Migrating 2 T-Statistic
Major Into Science of Difference
(N=2337) (N=7389)
4
Backaoround :
General Ability 53.81 54.03 -0.59
% Female .85 .53 5.32%%x
Social Class A7 .25 2.72%%%
% Black .08 .11 -3, 15%=
% Yispanic .09 .10 -0.390
HS Characteristics:
Average School Size 1281 1254 .80
School Average Ach. 52.41 51.83 2.91%=
X Minority Enrollment 21 .23 -2.29+
Curriculum Track:
% Academic Track .Bl1 .B3 -1.00
HS Courses in Math and Science (% Taking a year or more):
Algebra 1 .71 .70 .40
Geometry .55 .59 -1.95
Algebra 2 .35 .44 -3,75%%»
Trigonometry W21 .25 =2,07+
Calculus .04 .13 -7.93%++
Computer Programming .04 .05 -2.01+
Biology | .54 .56 -0.91
Adv. Biology .15 .21 -3.36%%s
Chemistry 1 .27 .39 -G.63%»»
Adv. Chemistry .03 .07 -4 ,23%%x
Physics | .11 .2B -9.47%%»
Adv. Physics .01 .03 -4 ,21%xx
HS Performance in Math.Science Courses:
6PA in Math 2.26 2.54 -5.94%x+
6PA in Science 2.50 2.60 -2.44%

Students in this sample must have (a) indicated a major at both sophomore
and senior year of high school; (b) not eliminated the possibility of
attending college; and (b) indicated a non-science major at sophomore
year.
2
"Science”" includes (i) life and health science; (i1) engineering; (111)
computer or information sciences; and (1v) physical sciences and

ERIC e
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mathematics.
TABLE V1I-B
1
Migrating Into Science: Rearession Results For Various Models
Predicting the Probability of Coming Into Science (N=3138)

Model 1 Model 2 Model 3 Model 4

o ———————— ———— — " —— ——————— ——————————— —— " ——— o —————————————— - ——

Independent Variables:

Backaround:
General Ability .04 .06+ .05 -. Q%=
Female PRRE L L -.10%%» . 1lezs - 10sxs
Social Class - .06+ - .25 - .05+ -.06%
Black . 08¢ .07+ .06+ .05
Hispanic .02 .02 .02 .01

HS Characteristics:
Aiv.5chool Size -.02 -.02 -.02
Average Ach. -.06+ -.06+ -.07+
% Minority Enr. -.03 -.03 -.04

Curriculum Track:
% Academic Track .02 -.03

HS Courses in Math and Science:
Algebra 1 .01
Geomatry .04
Algebra 2 .02
Trigonometry -.03
Calculus MERE XL
Computer Programming .02
Biology 1 .00
Adv. Biology .04
Chemistry 1 .QOB*»
Adv. Chemistry .Q5*
Physics 1 c4nns
Adv. Physics .QB*»

HS Performance in Math.Science Courses:
GPA in Math N 3xne
GPA in Science -.05

Z Variance ya
Explained (R ) .02 .02 .02 .10

Results are presented as beta, or standardized, regression coefficients.
Nominal significance levels are as follous: #* = p<{.@5; #+ = p<{.Q1; **x =
p<.2@1. No adjustment has been made for the tuo-stage probability sampling
design.
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TABLE VIII-A

Stifled in Science: Gproup Mean Differences on Background; High School
Characteristics, Behaviors, and Outcomes; and Colleqe Behaviors for

High-Achieving Science-Oriented Students Not in the Academic Track

G r o u p

1 2 3 4 5
Lo-Ach. Lo-Ach Hi-Ach Hi-Ach Hi-Ach
Non-Acad Acd. Trk Non-Acad Acd.Trk Non-Acad
Science Science Science Science Non-Science
N=528 N=3@9 N=428 N=1147 N=826
1
Background:
Soc’l Class -.337 -.145 . 060 . 317 -.031
% Black .216 .224 .033 . 050 .039
Z Hispanic 210 . 176 . 087 . 052 . @58
% Female 412 .544 .401 .410 577
Gen’l Ach.,l0th 42.54 44,12 55.88 59.285 54.97
Academic Orientation:
% Taking SAT-M .034 .220 . 105 . 355 113
% Taking ACT-M @72 .133 .206 .181 . 186
HS Behaviors:
# Math Courses ©.82 1.85 2.01 3.13 1.58
Z Plan Coll.,Gr.8 .40@5 .622 .537 . 803 .524
Z Plan Coll.,Gr.10 .234 .475 .413 .790 . 340
HS Outcomes:
Educ. Asp.,12th 4.22 5.74 5.44 7.06 5.27
Overall GPA 2.20 2.44 2.76 3.02 2.69
GPA in Math 1.73 1.87 2.35 2.67 2.09
Gen'l Ach.,12th 43.73 46.55 55.52 59.47 54.05
Math Ach. (2) 6.38 9.06 15.13 18.64 12.89
SAT-M (X) 371.6 371.3 456.7 524.9 442.3
Collene Characteristics and Behaviors:
% Working, 2-84 .588 .562 .676 510 .643
% In College .435 .629 .569 .8390 .632
If in College:
% Junior Coll. .649 .513 .472 .241 .514
% Private Coll. .260 . 337 .279 .332 . 320
% in Coll, F-T .788 .B811 .829 .913 .830
College GPA 2.61 2.56 2.81 2.88 2.89
Soph. Status . 897 .639 . 707 .845 .637
_____ *_-___________..___
Full description of variables is found in Figure III.
2

This math achievement score 1s on a slightly different scale than that
described in Figure III, but comparisons are comparable.

e e e e e =
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TABLE VIII-B

Stifled in Science? Discriminant Analysis of Backarownd, High School.
and College Characteristics and Behaviors Which Relate to Group Membership

Sample: Students Scoring Above Average on Sophomore Achievement Test (N=2401)

Groups: (1) Lou-Track Science. High-achieving students not in the academic
track, but who expressed interest in science at their sophomore
year (Group 3 above). N=428.

(2) Hi-Track Science. High-achieving students in the academic track,
but who expressed interest in science at their sophomore year
(Group 4 above). N = 1147,

(3) Low-Track Non-Science. High achieving siudent not in the academic
track, but uwho expressed interest i1n a non-science field at their
sophomore year (Group 5 above). N=826.

|
Discriminant Function Coefficients

Function 1 Function 2

Independent Variables:

Black ’ .09 -.33
Female -.07 .52
Ability .15 .53
# Math Courses .41 A1
# Science Courses .57 .00
College Plans, Gr.8 .16 .54
Math GPA -.14 -.26
Math Achievement,6r.12 .19 -.1B6
Attended Jr. College -.19 -.04
College GPA -.20 .26
Percent of Variance 95.1% 4,.9%

Group Loadings on Discriminant Functions

Function 1 Function 2
Groups:
Low-Track Science -.42 -.42
Hi-Track Science .54 .04
Lou-Track Non-Sci. -1.27 .13

The foilowing variables were attempted, but did not enter either
discriminant function: social class, Hispanic racial status, uwhether
student was working tuo years after high school, uhether student attended
collepe, uhether student was in college and a sophomore tuo years after
high school.
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Causal Analysis of Class of 1982

TABLE VIII-C

Stifled in Science: Reqression Analysis of the Effects of Backaround,
Ability, and Curriculum Track on High School Coursetaking in {
Science and Math for High-Ability Students Expressing Interest in_Science
) {N=1578)

-

Z
Dependent Variable: Number of High School Courses in Sciznce and Math

Model 1 Model 2 Model 3
Social Class ARLE) 1 3nus .08+
Black .00 .02 .00
Hispanic -. 07 -.04 - .05+
Female -.04 .01 -.01
Ability .33¢ws L3l
Aicademic Track .33sxs
%4 Variance Z
Explained{(R ) .06 .20 .30

Sample combines students in Groups 3 and 4 of Table VIII-A. All are of
above average ability and all expressed interest in majoring in science
at the sophomore year of high school.

2

Numbers of math and science courses are summed. They are measured in

years. Math includes acadenic math courses (Alpesra, Geometry, Algebra 2,

Trigonometry, Analysis, and Calculus). Science includes all high school

science courses taken.
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TABLE IX-R
Quantitative vs. Non-Quantitative Science: Means on All 1

Variables in Regression Pnalyses for College Science Students (N-1582)

Biological or
Health Sciences

(N=574)

Engineering,

Computer S5ci.,
Phys.Sci.or Math

(N=1007)

2
T-Statistic
of Difference

Backaground :
Social Class

% Black

% Hispanic

%4 Female
General Ability

HS Characteristics:
Average School Size
% Minority Enrollment
School Average Ach.

Curciculum Track:
% Academic Track

HS Behaviors:
# Math Courses (Yrs.)
# Science Courses (Yrs.)

HS Outcomes:
Educ. Aspirztions
6PR in Math
Math Achievement, 1Zth
Plans for Science Major?

College Characteristics:
% Junior College

College Behaviors:
College GPA
% Sophomore Status

.23
.12
.10
.89
54.395

1238
.22
02, 50

.71

7.26

2.56
20.86

.67

.29

2.82
.81

.23
.12
.28
.32
56.87

1308
.21
52.62

2.80
.76

-0.05
-0.13
0.81
13.71 %%
=4.14%%»

-1.72
0.64
-0.51

-7.06¢+

-4.05%%+#
2.69%+

4.07xx»
=-3.532+
-5.650%*»
—-3.50%%+

Students in tiiis sample must (a) be in college; and (b) indicated a
probable or actual major in the sciences.

Nominal significance levels are as follous:

#»=p<.05;

*2=p<{,01;

*#4=p<,001. These values include no adjustment for the fact that multiple
t-tests were conducted on the same sample.

3

Exact definitions of variable construction are found 1n Figure III.




Causal fnalysis of Class of 1992

TRBLE I¥-B
1
(Quantitstive vs. Hon-fuantitative Science: Regression Results for Path Rnalysis Exanining Tvpe of Science Hajor

Dependent UVariables

BS feerage % ltinority Rcadesic & Math % Sci. Edue. Math  Hath HS Sei. Juwior Coll. Soph.  Quant.
Size fAchievenent Enrollment Track  Courses  Crses fspir. GPA  fAch'st Hajor Coll. &PR  Status Sci.fajor

Independent Uariables:

Backqround: 1
fhility -2 Jiser - [l Ryl Jwee  JGeee 08¢ Jmme  SGam- ] - |2 e =06 -M
Fenale -H 0 2 -2 - - 03 03 Jaw - (750 () -02 Jdbsex 09 - TZesx
Soc'l flass IS Jiess - [Geen Jlee - (e 0 Jiwee - Thewe -0 -0 -M B -n R
Black ie  -27we Slaes £ -~ -06 A -1 -0 06 -07 M B 09
Hispanic Jo - .09 o Jow - 03 -0%s 3 SN - W -2 -2 -8 -0
IS Characteristics:
Schoa) Size D6 -0 -0 M -H J -H Jome -0 41 M
fiverage fich. -2 B [pLo-n -0 Jime-08 -fes 6 -01  -05
2 tinority Encollnent -2 09 R B g 3 S - -0 -0 -0 -0
Curriculu Track:
fcadenic Track e I 24eme - 4 £ m i} B
HS Behaviors:
# Hath Courses i e (90 7 [Jao -0 nM 05
b Science Courses Jowen (e Mew 06 -7 -0§ 05 -.1%
1S Outcones:
Educ. fspirations =06 25w 01 2Aem - [9exe
6Pft in fath -0 -6 e (19x o e
liath Achieverent e - |4 0 06 Q1
1S liajor Plans:
Planning Science Hajor? - -H 0 b
College Characteristics:
Junior College Jge - 10 1
{ollege Behaviors:
College GPA -0
Sophonore Status -.02

& Uariance Explained
(R-squared) 02 R3] 45 A7 35 23 g0 3 a0 08 23 39 .19 2

1
Resulls are presented as beta, or standardized, regression cosfficients. Homnal sigmficance levels are grven as follous: » = p(.05;
w = p(.01; e = p(,001, Ho adjustrent has been nade for the two-stage probability sanpling design.
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Causal Bnalvsis of Class of 1982
TRLE ¥-A
SAT-if: Regrassion Results of Prediction Nodel for Science vs. Kon-Seience Students
1
Dependent Uariable: SHI- (R
fiodal 1 2 Bodel 2 tiodel 3 fiodel 4 tiodel 5
Science Non-Science Science Hon-Science Science Non-Sciemce Science Hom-Science  Science MomeScaence
3

Independent Uariables ¢
Background:

Soc’] Class K R Do iy D6 K [ [ Dban 5

m&:k '.w -nuy -nm '.02 '.[H ‘.02 '-03 am '.03 .nl

Hispanic -0 - -.02 -0 -0z -03 -0 -0z -0 -2

female -5 - |l -4 - [lee AL L BRI SR EAYL R

Coll .Plans,br .8 e N D6 i o i) 02 At 01 -0

fbility Ly G7wee e Gl L Glenn Sbeer Slu Ao fha
#S Characteristics:

Schoal Size N} i 03 0t 0 01 Qe 03

fatholic S 0 -0 -0 -.02 -.02 - .04 00 -.03

Private HS i} 1 -0t Khi -0 03 0 K1

2 tinority Enr. -0 - .Dox - - Db 03 -7 M =05

flverage Ach. 03 i Ril| NIl 0 i)} i ] M
Corriculus Track:

Acadeaic Track BTl 03 )| -03 00 -.02
HS Behaviors:

% flath Courses Joe 2w Jose  [Tae

B Science Courses Ri: R H0rsn (Gwns
HS Cutcomes:

High Schoo} 6PR AL LN ]
2 Yariance Explained

(R-sguared) 56 49 9% A9 a1 A9 80 94 .64 56

1
SA1-ii () conbines equated scores for the SAT-it and ACT-H tests, See Figure III for the details of construction of this and all other
varizhles in these regression nodels.
2
The Science and Kon-Science groups are those uho indicated, at senior year of high schoal, therr intended college major in either a
scientific or non-scientific field, Only thase students vho have taken either the SAT-fi or ACI-Ti tests are included in these analyses.
Saple sizes are 978 for the “Science® group, 1593 for the “Nen~Sciance” graup.
3
Results are presented as bata, or standardized, regression cosfficzents. Honinal significance levels are given as follous: # = p(.05;
= p(.01; wew = p(,001, Ho adjustnenl has been nade for the tuo-stage probability sampling design.
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APPENDIX

Definition of HSRB Varijables Used in Regression Analvyses

Background:

Social Class: A standardized SES composite measured at students® sophomore
year of high school. Includes measures of family income, parental educa-
tional level, parental occupation level, and a sum of educationally related
possessions in the home. All are self-reports.

Black: A dummy variable, taken from sophomore year self-report of racial
status. Hispanic blacks are coded “Hispanic."

Hispanic: A dummy variable, taken from sohomore year self-report of ethnicity
status.

Female: A dummy variable, coded "1" if student is female, “0@" for males.

College Plans at Grade 8: A dummy variable ("1" = planned 4-year college,
"Q@"= everyone else) measured retrospectively at sophomore year of high
school.

College Plans at Grade 10: A dummy variable coded as above, measzured at
students' sophomore year of high school.

Ability: A composite achievment test taken at students' sophomore year of high
school. Contains test scores for reading, vocabulary, and mathematics. Test
is standardized with a mean of 50, a standard deviation of 10, for the
entire HS&B sample.

HS Characteristics:

School Size: Principal's report of total enrollment of high school.

Catholic High School: If high school student attended was a Catholic high
school.

Private High School: If high school student attended was a non-Catholic
private high school.

Average School SES: Social class level of the high school, measured as an
aggregate of student sample in each high school.

% Minority Enrollment: An estimate of the percent of the high school student
body who are minority, either black or Hispanic. Taken as an aggregate of
the student sample in each high school.

Average Math Course Enrollment: An estimate of the math coursetaking concen-
traiton in each high school, measured as an aggregate of the math course

enrollment of the student sample in each high school.

Average Achievement: An aggregate measure of the average sophomore-year
achievement test score for sampled students in each high school.
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Curriculym Track:

Academic Track: A dummv variable for curriculum track followed in high
school for each student. Coded "1" if student was in the college prepa-
ratory (academic) track, "0" if student is in either the general or
vocational curriculum track.

HS Behaviors:

Homework: A self-report of the number of hours per ueek student spends on
homeuwork.

Number of Math Courses: A sum of the academic math courses (Algebra I,
Geometry, Algebra II, Trigonometry, Math Analysis or Pre-Calculus, and
Calculus. Taken from students' transcripts, rather than self-reports. All
scores are in Carnegie units {i.e. one year). from high school transcripts.

Number of Science Courses: A sum of all science courses students have taken
in high school, including penaral science. Taken from students' transcripts,
rather than self-reports. Scores in Carnegie units. From high school
transcripts.

Algebra 1, Geometry, Algebra 2, Trigonometry, Calculus, Comp 'ter Programming,
Biology 1, Advanced Biology, Chemistry 1, Advanced Chemistry, Physics 1,
Advanced Physics: Coded on this file as “@" or “1" according to uhether
student's transcript indicated he/she had taken at least one year of the
course (i.e. one or more Carnegie units coded "1", otheruise "0"). From
students' transcripts.

HS Qutcomes:

Educational Aspirations: A 9-level self-report of educational aspirations
measured at the senior year of high school. Score of "7" indicates plans to
graduate from a 4-year college.

GPA in Math: Average grades in courses students took in math in high school,
excluding non-academic math courses. Taken from students' high school
transcripts.

GPA in Science Average grades in courses students took in science in high
school, including general science. Taken from students' high school tran-
scripts.

Math Achievement: A math achievement test administered by HS&B taken in the
senior year of high school. Test measures basic rbilities in mathematijzs,
rather than mastery of content of higher-level math courses. Test has 38
items.

SAT-M (X): SAT mathematics scores for those who took the SAT test, otheruise
ACT mathematics scores for ACT tskers, equated to the SAT-M standard.
Equating formula uas derived using the scores of the 393 students on the
file who took both tests. Equalion for equating: GSAT-M (X) = 250.283 +
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" 12.27(ACT-M). The “AT-M and ACT-M scores correlated .B3 uwith each other
for the students who took both.

College Characteristics:

Junior College: A dummy variable typifying the first college student attended
after high school. Coded "1" if college was a Z-year institution, "@" if a
4-year college.

Private College: A dummy variable typifying the first college student attended
after high school. Coded "1" if college was a private institution, "@" 1f a
public college.

College Behaviors:

Full-Time College: A dummy variable coding student's report of uwhether he or
she attended college full time (coded "1") or part time (coded "0") in the
first college attended after high school.

Working?: UWhether or not student was working for pay in February 1984, the
date of the second follouwup survey. Coded "1" for yes, "®" for no.

College GPA: Self-reported average grades in college (if student attended
college), reported tuo years after high school graduation.

Sophomore Status: Dummy variable, coded "1" if student reported being in
college full-time for four semesters after high school graduation.

Science Major Qutcomes:

HS Senior-Year Intentions: Students who didn't exclude the possibility of
attending college and uho respontied to the guestionnaire item: “What is
your intended field of study in cellege," uwere coded "1" if they intended a
major in a science field (health and biological sciences, engineering,
computer science, physical science, or mathematics) and "@" if they
indicated another probable collene major.

College Major: Students uho attended college at least one semester during the
first tuwo years after high school and who i1ndicated a declared or probable
major uere coded "1" if that field was in science (same categories as above)
and "Q" for all other fields.

Quantitive/Non-Quantitative Science Major Field: All those students coded "1"
for intended college science major constitute the sample. Students indica-
ting a proposed major in health or biological science uere coded "@", those
in engineering, computer science, physical science, or mathematice uere

coded "1".




FIGURE I: Path Diagram for Model Predicting Science Major Choice in High School
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FIGURE 11 Path Diagram for Model Predicting Science Major Choice in Collepe
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FIGURE 111: Path Diagram for Model Predicting guantitative or Non-Quantitative Field for College Science Majors
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