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AS FART OF A LARGER EVALUATION FROJECT., THIS RESEARCH
EFFORT WAS ORGANIZEC TO STUCY THE EFFECTS OF THE NEW MATH
FROGRAMS ON HIGH SCHOOL FUFILS® SUBSEQUENT ENROLLMENT ANC
ACHIEVEMENT IN MATHEMATICS AND SCIENCE COURSES. THE
FARTICULAR MATHEMATICS FROGRAMS INCLUCED IN THE STUCY WERE
(1) THE BALL STATE TEACHERS COLLEGE FROGRAW, (2) THE
UNIVERSITY OF ILLINOIS COMMITTEE ON SCHOOL MATHEMATICS
(UICSM) , AN (3) SCHOOL MATHEMATICS STUBY GROUF (SMSG) . THE
SFECIFIC QUESTION OF THE STUCY CONCERNED CIFFERENCES IN
MATHEMATICS ANC SCIENCE ENROLLMENTS BETWEEN STUCENTS IN ONE
OF THE EXFERIMENTAL MATHEMATICS FROGRAMS ANC STUCENTS IN
CONVENTIONAL MATHEMATICS FROGRAMS. OTHER FACTOKRS CONSICERED
IN THE CATA ANALYSIS WERE THE GRACES THE STUDENTS EARNEC IN
NINTH GRADE MATHEMATICS ANDC THE FUFIL'S SEX. FUFILS IN A
NUMBER OF SCHOOLS WERE ENROLLEC IN NINTH GRADE ALGEEKRA
CLASSES IN WHICH ONE OF THE THREE EXFERIMENTAL FROGRAMS (E)
OR A CONVENTIONAL (C) FROGRAM WAS BEING USEC IN ALTERNATE
CLASSES TAUGHT BY THE SAME TEACHER. INFORMATION WAS REQUESTED
CONCERNING NINTH ANC TENTH GRACE FUFIL ENROLLMENT ANC FINAL
GRACES AS WELL AS ELEVENTH GRACE ENROLLMENT IN EACH OF THE
FOLLOWING AREAS--(1) MATHEMATICS, (2) LANGUAGE ARTS, 3)
SOCIAL STUBIES, AND (4) SCIENCE. SOME EVIDENCE FAVOREC THE
CONCLUSION THAT THE BA.L STATE ANC UICSM FROGRAMS LEC TO
GREATER ENROLLMENTS IN TENTH GRACE MATHEMATICS. BUT NO
CIFFERENCES IN SUBSEQUENT MATH AND SCIENCE FERFORMANCE WERE
FOUNC BETWEEN STUCENTS OF THE E OR € FROGRAMS. (CH)
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Effects of experimental programs in ninth grade algebra on pupils'
subsequent enrollment and performance in methematics and science subjects.

James J. Ryan!

This study was carried out as part of a project investigating the effects of
experimental programs in ninth grade algebra on attitudes and interests pupils
develop toward mathematics.2 The attitude project was conducted in conjunction
with a more extensive project assessing the achievement effects of these experi-
mental programs at all secondary grades.3 The purpose of the study was to deter-
mine whether the experimental programs had a differential effect on pupils' en-
rollment decisions in subsequent years with respect to mathematics and related

. subjects., .

A positive attitude or interest in an activity or subject such as mathematics is
usually manifested by an individual's choosing to engage or participste in the
activity or situations involving the activity when the opportunity is present to
do so. Among the overt behavioral indications that a pupil could exhibit in the
school situation that would represent an interest in a given sutject matter area
would be to choose to enroll in courses involving that subject when a choice is
permitted, This is especially possible for mathematics since there is in most
schools an advanced mathematics course at each grade level in high school in
which the pupil can choose to enroll or not as he desires.

One indication therefore, of the effects of alternate instructional programs on
pupil attitudes toward mathematics at the ninth grade level would be obtained
frow the enrollment in mathematics subjects during the subsequent years in high
school on the part of pupils instructed with the different programs. Other

" things being equal, pupils instructed with programs contributing to a more posi-
tive attitude toward mathematics are more likely to enroll in mathematics sub~
Jects during the next and possibly the following years.

)
L‘t

There are, of course, a number of factors of an extrinsic nature other than in-
trinsic pupil interest per se that influence or determine the subject choices
pupils make in high school. Future educational plans and related requirements

are no doubt predominant in such decisions with parents and teachers playing an
influential role therein,usually encouraging enrollment. Nonetheless, there is

no doubt a certain number of instances in which the extrinsic factors in both
directions are about equally balanced for a pupil and his own attitudes and in-
terests operate to determine the choice or resolve the decision. Because, for
higher ability pupils the extrinsic factors would tend to be more heavily weighted
toward enrollment, these instances would seem more likely to occur for pupils

1 qhe assistance of Shelby Hockert, JoAnn Youngren and Chaur C. Chen with the
data processing and analyses is gratefully acknowledged.

2 "grrects of Modern and Conventional Mathematics Curricula on Pupil Attitudes,
Interests and Perception of Proficiency,” Office of Education Project 5-1028,
Contract No. OE=5-10-051, James J. Ryan, Project Director.

3 "™me Evaluation of Secondary Mathematics Curricula,” supported in part by a
grant (G 25164) from the National Science Foundation, Paul C. Rosenbloom,
project initiator,
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having somewhat lower mathematics proficiency or general academic ability. Pre-
suming therefore, a reasonably equal or random distribution of pupils with re=-
spect to other influencing factors umong alternate instructional programs,
differences between them in proportion of pupils enrolling in subsequent mathe-
matics subjects could be attributed to the effects of the program on the pupils’
interest in mathematics.

Following the above reasoning, the level of a pupil's interest in mathematics
might also influence his attitudes toward and enrollment decisions concerning
other subjects in which mathematics is arplied or which are concerned with
quantitative concepts and relationships. Science subjects for the nost part
would sezm to be in this category.

This study was carried out consequently to determine whether instruction with
one of several experimental programs for ninth grade algebra affected enrollment
in tenth and eleventh grade mathematics and science subjects.

The experimental programs were those developed under the auspices of Ball State
Teachers College (Ball State), the University of Illinois Committee cn S~hool
Mathematics (UICSM), and School Mathematics Study Group (sMsG).,

The main question cconcerned the differences in enrollment in tenth and eleventh
grade advanced mathemstics and science courses between pupils previously instructed
with one of the three experimental programs and those instructed respectively with
the conventional program being used by the same teachers,

Two other factors relevant to enrollment in advanced mathematics were considered
in the analysis, the grades the pupil earned irn ninth grade mathematics and the
pupil's sex. Probatly the factor that most determines future enrollment in mathe-
matics is the pupil's level of achievement as reprezented by the grades received
in his last matheumatics class. Also, as indicated atove, &n enrollment difference
is more likely to be observed among lower than higher eachieving pupils. In
addition to individual differences in achievement, sex differences are also likely
to occur with respect to enrollment in more sdvanced mathematics classes. Previocus
studies hove observed sex differences with respect to the nature of educational
goals, objectives, and aspirations of pupils as well as in attitudes toward mathe-
matics. Consequently both pupil sex and ninth grade mathematics performance
{(grades) were taken into account.

A secondary question, which it was possible to exsnmine in this context, was whether
pupils instructed with the different progrems in the ninth grade differcd in their
performance in the mathematics subjects in which they enrolled in the tenth grade
Other things being equal, the observation of subsequent performance or grade
differences for pupils following alternate programs in the ninth grade would pro-
vide some indication of the relative effectivenesc of the separete programs. This
question was also examined with respect to tenth grade science subjects.,

Method:

Durirg the 1962-63 school year, as part of the larger project assessing achieve-
ment differences for the several experimental secondary mathematics programs, pupils
in & number of schools were enrolled in ninth grade algebre classes in which either
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one of the three experimental (E) or a conventional (c) program was being used
in alternate classes taught by the same teacher., The textbooks used for and
defining the respective experimental programs were: Ball State, Algebra I by
Brumfrel, Ficholz and Shanks, Addison-Wesley, Mass. 1961; UICSM, High School
Mathematics Units 1-I, University of Illinois Press, Urbana, Illinois 1962;

SMSG First Course in Algebra, School Mathematics Study Group, Yale University
Press, New Haven, Conn., 1962, Puring the 1964-65 school year, these schools
were contacted with a request for grade and enrollment information for the pupils
that had been instructed in the E and C classes two years previously.

Information was requested concerning pupil enrollment and final subject grades

during the ninth and tenth grades.and for enrollment during the eleventh grade.
(Pupils had not completed eleventh grade at the time the data was gathered), En-
rollment and grade information was obtained for each of the following subject matter
areas: mathematics, language arts (English or literature), social studies and science.

This informaticn was requested from the schools for 32 pairs of classes - one
experimental and one conventional class being in each school, The number of
experimental classes (and the number of teachers) in each of the experimentel pro-
gram conditions for which information was requested and the number for which usable
information was obtained for both classes is shown in Table 1.*

Table 1

Number of Peirs of E and C Classes
For Vhom Enrollment and Grade Data was Requested
and Included in the Analysis for Each E Program Comparison Condition

E _Program Requested Included
Ball State 9 T
UICSM - 11 5
SMSG 12 9
Total 32 ‘ 21

During each of the two years following the ninth grade, a pupil could choose to
enroll in none, one, or two additional mathematics subjects, Furthermore, among
those enrolling in ggg_additional mathematics subject over the two years, it was
possible to do so either in the tenth or eleventh grades. For purposes of this
study the distinction between enrollment in the tenth or the eleventh grade is of
some relevance since in general, any differential effects of ninth grade instruc-
tional conditions on attitudes toward mathematics would most likely be reflected in
enrollment decisions made for the tenth grade rather than for higher grades. En-
rolling in an additional mathenmatics subject at the next opportunity rather than
doing so after a year's delay would seem to be in itself one indication of a pocsible
attitude difference developed during the immediately preceding year.

% some schools did not respond to the request, others were only able to provide
limited informativn concerning subsequent enrollment and grades,




‘the case for mathematics. The subjects treated as science subjects were general,

P A i s

b

Therefore, comparisons with respect to enrollment in tenth grade mathematics
subjects independent of the eleventh grade enrollment, would appear to provide
the most sensitive and direct indication of pupil attitudes as manifested in
enrollment decisions subsequent to the ninth grade and conseguently, would be
the comparison most relevant to this question. Separate comparisons considering
eleventh grade enrollment were also made however to determine the more general
enrollment effects of the ninth grade instructional programs,

With respect to enrollment in advanced mathematics in the tenth or eleventh
grades, either geometry, advanced or higher algebra, trigonometry or solid geo-
metry were considered as advanced mathematics subjects, Neither re-~-enrollment
in elementary algebra (due to previous failur ; nor general or commercial mathe-
matics were considered advanced mathematics subjects.,

To teke ninth grade performance into account, the overall distribution of grades
for all pupils was determined, An A, B vs C, D division provided a division
closest to the median and served therefore as the basis for classifying pupils
with respect to level of performance for analysis purposes. Similarly, to con-
trol for and assess possible sex differences, the comparisons were made separ-
ately for males and females within the separate performance levels and for in-
structional condition or treatment (i.e. E or C) classifications.,

In the analysis pupils in the respective E and C classes for teachers following
the same E program were combined to provide seprarate comparisons for each of

che three experimental program conditions. The pupils in the C classes taught
by each teacher in addition to their E class served in effect as controls re-
spectively for those in classes instructed with each E progran,

With respect to science subjects, enrollment and grade comparisons were made only
for the tenth grade, It was felt that it would be quite unlikely that ninth -
grade mathematics would have an effect on enrollment in eleventh grade science
subjects because of the even larger number of intervening factors than would be

physical or biological science, physics, biology and chemistry.

Results

Enrollment in 10th grade mathematics

Table 2 shows the tenth grade mathematics enrollment frequencies for E and C
class pupils in each E program comparison condition. The reliability of the
E~C enrollment differences (i.e. the probability that the differences were due to
chaence) within each performance level for the sexes separately and combined was
determined using X2 or an exact probability test.

Among pupils who had performed or achieved at a relatively higher level in the
ninth grede (grades of B or better), a very large proportion continued to enroll
in mathematics subjects in the tenth grade. This tendency appeared equally strong
for pupils in E and C classes in each of the E program comparison conditions.,

Among pupils who had performed or achieved at a relatively lower level in the
ninth grade (grades of C or D), a greater proportion of the E class boys in the
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Enrollment in tenth grade mathematics subjects for pupils in E and C classes for each E

condition.

E program

Ninth grade math
performance level

Instructional
treatment

Enrolled
Males

Not enrolled

' Enrolled
w Females
. Not enrolled
Enrolled
All
pupils Not enrolled

TABLE 2

BALI, STATE UICSM
Low High Low High

E ¢ E ¢C E € E ¢

28 15 43 30 35 65 31 17 48 25 18 43

8 24 32 2 5 T T 17 24 2 -3 5
36 39 75 32 40 T2 38 3b T2 27 21 48
x2 = 10,3% p = .33 x2 = 6.69 p = .40
p < .01 p < .01

17 12 29 36 31 67 24 16 Lo 28 24 52
14 12 26 12 6 18 6 1k 20 5 3 8
31 24 55 48 37 85 30 30 60 33 27 60
XN = .01 XN = QWH XN = womm P = QNW
P > .90 P < .50 P < .10

ks 27 T2 66 66 |132 55 33 88 53 L2 95
22 36 58 1k 11 25 13 31 Ly T 6 13
6T 63 {130 80 T7 15T 68 64 (132 60 L8 |108
x% = 6,81 x% = .11 x% = 11.47 xZ = .03
P < .01 P < .80 P < .001 P < .90

m>HH x~ values computed using Yates correction.

b

SMSG

program comparison

Low High

E C T C

37T 39 76 53 61 |11k
19 23 42 0 3 3
56 62 |118 53 64 |[117
x%2 = .03 p= .16

P < .90

31 22 53 70 52 |122
19 27 46 11 12 23
50 L9 99 81 64 |1ks
x2 = 2,26 x2 = .38
P < .20 p < .60

68 61 (129 123 113 |236
38 50 88 11 15 26
106 111 [217 13k 128 |262
x% = 1.54 x% = .55
P < .30

P < .50

“here only probability values are shown, the exact probability of an E«C distribution
difference as large or larger than obtained was determined.
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Ball State and UICSM programs and E class girls in the UICSM and SMSG pro-
grams tended to enroll in tenth grade mathematics than did their respective C
class counterparts, For the Ball State and UICSM boys, the frequency differ-
ences were hizthly reliable while neither of the E program comparisons for the
girls reached the ,05 level of significance.

Comparisons inade with both sexes combined also showed that among lower performing
pupils a significantly higher proportion of those in the C classes enrolled for
both the Ball State and UICSM programs, It is evident, however, that the latter

difference for the Ball State program is due only to the large difference in this
regard for boys rather than girls while for the UICSM comparison both sexes con-

tributed to the difference,

It appears then that a greater proportion of boys instructed with the Ball State
program and of both sexes instructed with the UICSM program enrolled in tenth
gradc mathematics subjects than did comparable pupils instructed with conventional
progrens.

Although the E-C comparisons were made between pupils grouped according to their
nint! grade performance level, performance differences between E and C class
pupils may still have existed within the two levels or categories that were used.,
if for the pupils in the low performance level, a greater proportion of those

in the £ classes had C grades, while a greater proportion of those in the C
classes had grades of D, this could account for the observed tenth grade enroll-
ment differences.

Comparisons among the lower performance E and - class pupils for those re-
ceiving grades of C and D are shown in Table 3.

Table 3

Frequency of C and D Grades Received by Low
Performance E and C Class Pupils

Males Females
Grade C D C D
Ball E 31 5 36 26 5 31
State ¢ 12 10 |3 177 (2
60 15 15 L3 12 55
NeSe e n,Se
UICSM E 25 13 38 17 13 30
C 19 15 | 34 25 5 | 30
Ly 28 T2 b2 18 60
NeSe c> Eb
SMSG E 33 13 L6 35 15 50
C o 22 | 62 37 12 | b9
| 713 35 |108 12 21 | 99
NeS
8 non significant, p > .10 by x2 test. b ¢ class had higher proportion C

grades.
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The comparisons shown in Table 3 indicate that there were no instances in which
a significantly higher proportion of E class pupils had received C grades.
Consequently, it does not appear that the observed enrollment differences re-
sulted from differences between E and C class pupils in the actual grades
they had received the previous year.

Independent of the pupils relative performance level, the grcies received in
ninth grade algebra, other factors relevant to enrollment in tenth grade mathe-
matics classes which could differ for E and C class pupils were the pupils
level of ability or proficiency in mathematics as well as his general academic
ability and attitudes toward academic achievement. It is possible that in the
E clesses there was a greater proportion of pupils having higher ability in
mathematics, higher general academic ability, and/or a more positive attitude
toward mathematics or academic achievement generally., A difference in favor of
the E classes with respect to any or all of these factors (vhich tend to be
related) may have occurred either accidentally or even to some extent inten-
tionally or systematically. The latter possibility seems quite likely because
of the characterization of the experimental or "modern" programs as being
primarily for "college~bound” pupils. For this as well as other reasonms, there
may have been a greater tendency to shunt "less promising" pupils (as inferred
from previous math class or general acadenic performance) into the conventional
classes, These factors could operate independent of the performance measure
(grades) if teachers were assigning grades within classes on a relative rather
then a more absolute basis.

Dats was not available to examine the question concerning the pupils general
acadenic ability nor his attitudes or motivation to achieve either in mathe-
matics in particular or in school generally. However, if proficiency differences
did exist between pupils in E and C classes independent of the grades received,
these differences should be reflected on a proficiency test measure (Mathemetics
Section, Sequential Tests of Educational Frogress, Level 2%) obtained for a large
propertion of these pupils at the beginning of the ninth grade. Here again this
quettion is only of consequence for pupils in the lower ninth grade performance

2. vel, since it was only for pupils in this category that there was & reasonable
nonenrollment proportion to provide a basis for comparison, To determine if
measured proficiency could account for the enrollment differences among lower per-
formance pupils, comparisons with respect to enrollment were made seperately for
those above and below the median on the proficiency test as obtained for the males
and females separately.

Table 4 shows the separate enrollment frequencies of the E and ¢ class pupils
for those at the two levels on the mathematics proficiency test.

Two points are evident in the Ball State and UICSM comparisons, One is that there
was & greater proportion of relatively higher proficiency pupils in the E than

in the C classes, Comparisons between the proportions of E and C class pupils
above and below the test median shown as marginal totals jindicetes that the differ-
ences in this respect for the Ball State males (x2 = 6,8, p < .01) and females

(x2 = 4.2, p < .05) and for the ULCSY pupils (both sexes combined, x? = 3.8,

.05 < p < ,10) are quite reliable.

S Sequential Tests of FEducational Progress, Cooperative Test Division,
Educational Testing Service, Princeton, New Jersey. 1957,




s .o P e s e s

-8~
TABLE k4

Tenth grade mathematics enrollment frequencies for low ninth grade performance
pupiis in E and C classes within levels of mathematics test proficien.y.

Test level Below median Above median
/
Sex M F M F
Program E C E C E C E C
Ball State:
Fnrolled 6 1T 13 5 6 11 17T 1 2h T 2 9
Not enrolled 2 13 15 8 10 18 y L 8 6 1 1
8 20 28 13 16 29 21 11 32 13 3 16
p = .07 ﬁ.s.a n.s. n.s.
UICSM:
Enrolled 8 T 15 1 6 13 1L 5 19 9 h 13
Not enrolled T 12 19 2 6 8 o 2 2 y 3 T
15 19 34 9 12 21 1k T 21 13 T 20
N.S. N.S. n.s. N.S.
SMSG: _
Enrolled 15 13 28 13 1l 2L 20 19 39 18 6 2L
Not enrolled 10 13 23 12 15 27 9 9 18 T 9 16
25 26 51 25 26 51 29 28 5T 25 15 40
n.S. n.s. n.s. x2 = 3.k2
05 < p < .10

&.s. = non-significant, i.e.

an exact probability test.

p > .10, as determined by xZ or
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It is also apparent that even within the proficiency levels a greater proportion
of the Ball State males and UICSM males and females enrolled in tenth grade mathe-
matics subjects. This tendency is somewhat stronger for those in the below median
category, although for none of these comparisonms did the difference reach the .05

level of significance.

For the SMSG program comparison, there is neither a difference between the E-C
.asses with respect to test proficiency level nor within proficiency levels with
.<-p. ot to the proportions enrolling in tenth grade mathematics.

In general, it appears that the enrollment differences observed for the Ball State

males and the UICSM males and females were due in part but not totally to existing

differerces in matheuatics proficiency as indicated by test scores vhich were some-
what independent of the grades pupils received., Apparently for the E-C class pairs
in the Ball State and UICSM comparisons, the E class pupils had on the average a

higher level of proficiency which was nct, however, reflected in the grades they

received.

Enrollment in tenth and eleveuth grade mathematics subjects ‘ 1

Although the enrollment decision made at the tenth grade level would seem to pro-
vide the most sensitive indication in terms of enrollment of the effects of & ninth

grade irstructional program, some additional indications might be provided by con=-
sidering enrollment in eleventh grade mathematics subjects,

Taking tenth and eleventh grade enrollment possibilities into account, there are
several alternate enrollment Sequences subsequent to ninth grade:

a) no further enrollment in tenth and eleventh grades
b) enrollment in eleventh grade only

¢) enrollment in tenth grade only
d) enrollment in both tenth and eleventh grade

Enrollment in additional math courses beyond the tenth grade (categories [c] and

. {a) above), however, is no doubt influenced at least as much by the pupils' ex-
perience in his tenth grade class as his experience in ninth grade, Consequently,
E-C comparisons with respect to categories (a) and (b) would appear to provide a
more meaningful reflection of the effects of the ninth grade program, therefore
eleventh grade enrollment comparisons were made separately for those who did and
did not enroll in mathematics in the tenth grade, i.e. for those in categories (c)
and (d) end those in categories (a) and (b), respectively.

tive control for proficiency differences, the eleventh grade enrollment comparisons
were made within levels of performance on the test measure of proficiency in mathe-
matics obtained at the end of the ninth grade rather than the pupils' grades.

Advanced mathematics enrollment frequencies for males and females above and below
the median of the distribution of the proficiency test scores for each of the
possible enrollment sequences are shown in Table 5. (This table includes only those

i
E
E Since for the previous analysis the mathematics test scores provided a more sensi-
i
F
E
:
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TABLE 5

Frequency of enrollment in tenth and eleventh grade mathematics subjects for E and C
class pupils within post ninth grade mathematics test proficiency levels.,

Test level Below median Above median
Sex M F M F ,
Program E C E C E C E C
Grade enrolled
9 1 12 10 10 0 2 1 1
9 & 11 3 6 ¥ 3 3 4 7 2
Ball L 18 17 13 3 6 8 3
State
9 & 10 5 2 9 6 12 12 8 10 |
9, 10, & 11 9 T 10 3 26 17 13 13 1
14 9 19 9 38 29 21 23 !
9 T 12 T 8 0 1 2 3
9 ¢ 11 0 3 L 3 1 3 0 0
UICSM ' { 15 1 1 1 L 2 3
9 & 10 9 10 15 15 8 6 11 12
9, 10, & 11 9 2 5 3 26 14 14 9
18 120 20 18 | 3% 20 i 2
9 8 13 1k 23 6 6 8 3
9 & 11 1 0 0 3 0 0 1 6
SMSG 9 13 ;I—__;g 6 6 9 9
9 & 10 9 10 18 15 6 ( 14 9
9, 10, & 11 16 16 18 15 37 30 29 13
25 26 36 30 43 37 43 22
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for whom actual enrollment decisions at both the tenth and eleventh grades were
known, i.e., those who remained in the school system from the ninth grade into
the eleventh grade.,) Comparisons between the enrollment frequencies for E and
C class pupils Were made within sex by proficiency level categories using
either Chi-square or an exact probability test.

For pupils not enrolled in tenth grade mathematics only one difference was re-
1iable with a statistical probability of .10 or less. Higher proficiency girls
who had been instructed with the SMSG progrem showed a significantly lower

(p < .03) frequency of eleventh grade enrollment than comparable girls instructed
vith the conventional program. There were no similar tendencies indicated at the
eleventh grade level for other pupils instructed with the SMSG program nor was
this tendency observed for SMSG pupils for tenth grade enrollment.

Among pupils who had enrolled in tenth grade mathematics, the only E-C difference
in eleventh grade enrollment reaching the .10 level of probability was that for
the lower proficiency UICSM boys (p < .08) who had a higher frequency of enroll-
ment relative to those in the conventional comparison classes. The latter differ-
ence appears to be a continuation of a tendency observed at the tenth grade level.

PP A P N
Y U Y

In general, there was little evidence that eleventh grade mathematics enrollment
decisions were influenced to any real extent by the specific program of instruction
at the ninth grade level when comparisons were made considering pupil proficiency
in mathematics. The only exception was for the girls instructed with the SMSG pro-~
gram. However, in view of the lack of similar differences for other comparisons
for the SMSG program these results appear to be too specific to provide the basis
for any broad generalization in this regard.

Enrollment in tenth grade science sublects

To determine if the jnstructional program followed in ninth grade algebra may have
jnfluenced enrollment decisions for subjects other than matnematics which were

likely to utilize mathematics or to involve quantitative concepts and relations, 1
conparisons were made between E and C class pupils with respect to enrollment

jn science subjects in the tenth grade.

I Rk

E

To control for the possible effects of grades received in previous s¢ience sub-
jects, comparisons were made separately for pupils who had received a grade of B
or better and C or less in their ninth grade science subjects,

Table 6 shows the tenth grade science enrollment frequencies for the sexes separately
within the two levels of ninth grade science performance. Either Chi-square or the
exact probability test was used to determine the reliability of the E-C differences

in enrollment frequencies.

For the Ball State and SMSG program comparisons, none of the E-C enrollment differ-
ences reached the .05 level of probability. For the UICSM program, however, lower
ninth grade performance boys and higher performance girls (and both sexes combined)
showed a reliably lower frequency of enrollment than conventional class pupils.
Since this analysis included only pupils who had been enrolled in ninth grade
science a further comparison was made for pupils in the Ball State and SMSG progranms
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TABLE 6

Enrollment in tenth grade science subjects for pupils in E and C classes for each E program comparison
condition,

E program

Ninth grade science
performance level

Instructional
treatnent

Males

Females

All
pwpils Not enrolled

Enrolled

Not enrolled

Enrolled

Not enrolled

Enrolled

BALL STATE
Low High
E C E C
19 25 Ly 27 1k 41
6 8 1L 8 13 21
25 33 58 35 27 62
x% = .08 x2 = 3.30
p > .70 .05 < p < .10
16 13 29 32 21 53
L7 11 9 5 1k
20 20 L0 L1 26 67
x¢ = .50 x2 = 0
p > .k P > .95
35 38 T3 59 35 oh
10 15 25 17 18 35
L5 53 98 76 53 |129
p > .60 20 < p < .30

UICSM SMSG
Low High Low High
E C E C E C E C
17 28 45 32 23 55° 37 L6 83 L9 L9 98
11 & 15 4 o L T S 12 Ly 8 12
28 32 60 36 23 59 Ly 51 95 53 57 |110
x2 = 4,38 p = .15 x% = .34 x¢ = .62
p < .05 p > .50 p > kO
23 24 L7 30 25 55 36 30 66 56 L45 |101
2 7T 9 9 O 9 L 8 12 10 L 1k
25 31 56 39 25 6L Lo 38 78 66 L9 |115
p= .1k p < .01 x2 = 1.08 x2 = .T1
20 <p < .30 p>.30
Lo 52 02 62 48 [110 73 76 |149 105 94 199
13 11 24 13 O 13 11 13 24 1k 12 26
53 63 |116 75 L8 [123 84 89 173 119 106 |225
x2 = .50 p = .001 x2 = 0 x2 = .01
p > .40 P > .95 p > .90

P
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who had not been enrolled in ninth grade science. Since only a very small
number of pupils involved in the UICSM comparison had not been enrolled in
ninth grade science, the additional comparison was not made for this program,
The results of this comparison, shown in Table T, revealed even smaller E-C
differences in tenth grade science enrollment than had been observed for the
Ball State and SMSG comparisons for the ninth grade science enrollees,

Table T

Enrollment in tenth grade science subjects for E and C class
pupils not enrolled in ninth grade science

Sex M F
Instructional Treatument E C E C
Ball Enrolled 7 15 1k 1k
State Not Enrolled 1l 2 3 0
SMEG Enrolled 9 1k 22 23
Not Enrolled 2 3 o 1l

The differential enrollment in tenth grade science observed for the UICSM pupils
would suggest that this program may have had a deterring effect on pupil decisions
in this regard, However, this difference was not consistent with the relatively
higher frequency of enrollment in tenth grade mathematics for the UICSM pupils
vhich would seem to be a more sensitive indicator of attitudinal effects of the
program on enrollment decisions with respect to subjects involving mathematics.
One possibility was that the tvo decisions were not independent, that for some
pupils the decision to enroll in mathemati~s affected the decision not to enroll
in science or vice-versa, That is, a ceriain proportion of pupils may have de-
cided not to enroll in both math and science subjects but rather to select one or
the other. If a relatively higher proportion of such pupils in the UICSM classes
chose to enroll in math then a relatively smaller proportion would have enrolled
in science which would account for the observed differences.

To determine if this were the case, a tabulation was made considering the tenth
grade enrollment in both math and science jointly, disregarding previous perfor-
mance. This tabulation is shown in Teble 8.
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Table 8

Frequency of enrollment in tenth grade mathematics and science
for pupils instructe? with the UICSM and conventional programs.

E C
Science Science
Not En- Not En-
rolled  Enrolled rolled Enrolled -
Mathematics
Not
Males
Enrolled 12 46 58 1l 3L 35
15 50 65 L 51 55
Not .
Enrolled 1 10 11 3 13 16
Females
Enrolled 10 43 53 4 36 ko
1 53 6k T L9 56

It is apparent that the tenth grade mathematics and science enrollment differences
between UICSM and C class pupils occured almost complately among pupils vho en-
rolled in only one of these two subjects, Among pupils enrolled in either math

or science, those from the UICSH classes were more likely to enroll in math and those

from the C class to enroll in science. Considering just the pupils who enrolled
in only one of the two subjects, the degree of association between subject chosen
(math or science) and program of jnstruction (UICSM or conventional) was highly re-
liable, x2 = 14,6, p < .001, However, a comparison between the proportion of UICSM
and C class pupils enrolled in both subjects indicated that these differences were
not reliable either for boys, x2 = .61, p > .lo, or girls, x2 = .04, p > .80,

Consequently it appears that the differential frequency of tenth grade science en-
rollment observed in the UICSY comparison occurred only among pupils selecting

either math or science and was a result of this differential choice., UICSM pupils
more frequently chose mathematics, conventional class pupils more frequently chose
science, It seems most reasonable to conclude that for pupils in the UICS4 compari-
scn the tenth grade mathematics and science enrollment differences were mainly a re-
sult of the ninth grade mathematics program directly affecting the mathematics en-
rollment decision and thereby affecting the science decision indirectly. That is,
the decision with respect to science enrollment followed from the mathematics enroll-
ment decision which was affected by the ninth grade mathematics program,
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Performance in tenth grade mathematics

To obtain an indication as to whether the specific program of instruction in
ninth grade mathematics might have contributed to performance differences in
advanced mathematics subjects, the grades received by the E and C class
pupils in their tenth grade mathematics classes were compared.

To control for differences between E and C class pupils with respect to mathe-
matics ability or proficiency existing prior to and independent of the ninth

grade program, the tenth grade performance comparisons were made using analysis

of covariance with the beginning-of-year ninth grade proficiency test scores

as the covariate,

The pupils' ninth grade performance was not considered for this comparison since
it was likely that these grades would not be comparable across classes being com-
pared with respect to the pupil characteristics they were reflecting. Also these
grades could reflect to some extent the mathematics proficiencies acquired in the
pinth grade which it would not be desirable to partial out of the tenth grade
performance measure. Consequently, the comparison was nade relative to the per=-
formance expected on the basis of the pupils level of proficiency at the be-
ginning of ninth grade. The comparison considered pupil sex and type of instruc-
tional program (E or C) in & 2 by 2 factorial design for each E program com-
parison condition.

For analysis of covariance, the covariate regression slope (beta coefficient) for
each of the categories being compared (i.e. the separate sex by treatment cate~
gories) is assumed to be homogeneous since this slope determines the covariate
adjustment to be made on the dependent variable for all pupils, A statistical
test was carried out to determine whether this assumption was valid.

The test for homogeneity of slopes indicated that this assumption was tenable for
each of the E program compsrison conditions. (Ball State, F(3 y66) = 2,06;
9

UICSM, F(3,116) = .40y SMSG, F(3,326) = ,52) The results of the analysis are

shown in Table 9 and the adjusted grade means for E and C class pupils in
Table 10.

The enalysis indicates that there were no reliable tenth grade performance differ-
ences between E and C class pupils for any of the E program comparisons,
Statistically reliable sex differences, with girls performing at a higher level,
vere observed for the UICSM and SMSG comparisons but these were independent of the
instructional program, there being no significant sex by program interactions.

These results do not appear to provide any indiéation that the program of instruc-
tion in nirnth grade mathematics affected pupil performance in advanced mathematics
at the tenth grade level.

6 For this and subsequent analyses letter grades received in mathematics and in
science subjects were assigned the following values: A = 8; A-, B+ = T;
B=6; B-, C+=5; C=U; C-y D+ =3; D=2 D- =1; F =0,

T
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TABLE 9

Summary of analysis of covariance on tenth grade mathematics grades.

Source of Sum of Mean
Variation Squares d.f, Square F

Ball State: Instructional

program .13 1 .13 .06

Sex 3.49 1 3.49 1.62

Program x Sex +13 1 .13 .06

Error 36L.55 169 2,16
UICSM: Instructional »

program .12 1l _ 12 .05 4

Sex 18.02 1 18.02 6.81% |

Program x Sex .01 1 .01 .00

Error 31L,.84 119 | 2,65 _
SM5G: Instractional

program 2,60 1 2,60 .85

Sex 21.75 1 21,75 T.10%#%

Program x Sex L0 1 .0 .13

Error 1007.69 329 3.06

TABLE 10

AdjJusted mean tenth grade mathematics grades for E and C class pupils,

Ball State UICSM SMSG

E C E C E c
N R N ¥ Ave., 1| N N X Ave. | N X N X Ave.

>4

M9 S35 s | sz [38 423| was | u10] % w62 | wsa| wst

F L5 26

5.78 5.67 | 5.73 |37 s5.00 b5 | 1989 s5.22|67 n.07| 5.10

Ave. 5,61 5.55 4,62 4,55 4,92 L, Th




-1~

Performance in tenth grade science

To determine whether the program of jnstruction in ninth grade mathematics may
have had somewhat more general effects on performance in subjects utilizing
quantitative concepts and skills, comparisons were also made on the grades re-~
ceived in tenth grade science subjects. These comparisons were carried out
following the same covariance analysis procedure used to assess differences

in tenth grade mathematics performance. 1In this instance however, the pupil's
performance in ninth grade science was used as the covariate to control for any
prior differences in pupil proficiency and motivation with respect to science
as a subject matter area.

The adjusted means for the E and C class pupils and the results of the
analysis for each of the experimental progran conditions are shown respectively
in Tables 11 and 12.

Table 11

Adjusted mean tenth grade science grades
for E and C class pupils.

E C

N X N X Ave.,
Ball State k6  L.83 b  L.90 L,87
: F 49 5,61 - 3k 5.07 5.3

Ave. 5,22 4,99
UICSM M b9 L.WT 51 k.32 4,40
F 53 5.13 4 5.1 5,12

Ave. .80 kT2
SMSG M 86  5.03 5 k.96 5.00
F g2 5,19 75 5. 46 5.33

Ave. 5,11 5,21

7 No science proficiency test data comparable to that for mathematics was
available for these pupils.
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TABLE 12

UICSM and SMSG program comparisons.

Ball State:

SMSG:

cience grades for the Ball State,

Source of Sum of Mean

ngiation Squares d.f. Square F
Instructional

program 2.19 1 2.19 1.2k
Sex 8,95 1 8.95 5.0k
Program X Sex 3.81 1 3.81 2.15
Error 291.01 [ 1. 7T
Iﬂstructional

program o 37 -1 o 37 o 1T
Sex 26,70 1 26.70 12,21
Program x Sex .18 1 .18 .08
Error 430, Th 197 2.19
Instructional

program .87 1 .87 52
Sex 9.36 1 9,36 545k
Program x Sex 2.28 1 2.28 1.35
Error 579.20 343 1.69-
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It can be seen chat there were no statistically reliable differences between

E and C class pupils for any of the experimental pro§ram comparisons with
respect to performance in tenth grade science subjects., It does not appear
that any proficiency differences developed by the program of instruction in
ninth grade mathematics carried over to affect pupil performance in tenth grade
science subjects in general,

Discussion

With respect to the effects of the program of instruction in ninth grade mathe-
matics on decisions to enroll in advanced mathematics in the tenth grade, a
greater frequency of enrollment was observed amoug lower ninth grade performance
boys instructed with the Ball State program and lower performance boys and girls
instructed with the UICSM program when compared to similar pupils in conventional
classes taught by the same teachers. No differences in enrollment between E and
C class pupils for any of the E programs were observed for higher performance
ninth grade pupils, a very large majority of whom enrolled in tenth grade mathe=-
matics, There were also no consistent instructional progrem differences in ad-
vanced mathematics enrollment at the eleventh grade level either for those who
had or had not enrolled in tenth grade mathematics, The one difference that was
observed (a lower enrollment for higher proficiency girls instructed with the
SMSG program who had not enrolled in tenth grade mathematics) would seem more
likely to be a result of factors other than the attitudinal effects of the ninth
grade program since similar differences were not observed for other SMSG program
enrollment comparisons that should have been more sensitive to such attitudinal
effects. The results obtained for eleventh grade enrollment would seem to indi-
cate that any effects of the ninth grade program on subsequent 2nrollment were
not manifested to any extent beyond the tenth grade level.

Although the pupils for whom tenth grade enrollment differences were observed
(lower performance E and C class pupils in the Ball State and UICSM compari-

! son condition) did not now differ with respect to the grades they received in

' their ninth grade mathematics classes, the E «c¢lass pupils that exhibited a higher
frequency of enrollment were found to have a higher initial level of proficiency
as indicated by mathematics test scores. The analysis indicated that this differ-
ence could account for some of the enrollment differential., Even though it does
not seem likely that the proficiency test scores in themselves would have directly
affected the pupils' enrollment decisions in the same way for example that his
grades might do so, scores on similar tests may have been used within the school
as a basis for recommendations concerning subsequent enrollment, espe ially for
lover performance pupils. Another possibility is that the test scores were re-
flecting a somewhat higher general academic ability among the E class pupils
vhich in turn would be more likely to be associated with subsequent enrollment in
academic subjects. Nonetheless, comparisons made adjusting for test score differ-
ences continued to show a somewhat greater but not statistically significant ten-
dency toward enrollment on the part of Ball State and UICSM pupils. For the UICSM

8 The test for homogeneity of regression slopes in the analysis of corar: .nce
, indicated that this assumption could not be rejected {(i.e., was tenable) in
g the analysis for each of the experimental prozram comparisons.,
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pupils, it was also found that the relatively higher enrollment in mathematics
was related to a significantly lover enrollment in tenth grade science subjects.
For both mathematics and science subjects the more general enrollment differences
were found to be mainly the result of differences in this regard between UICSM
and C class pupils who had enrolled in only one of the two subjects, those in
the GICSM program tending to enroll in mathematics, those in the conventional
program in science. Comparisons for the other experimental programs did not
indicate any tenth grade science enrollment differences. Consequently it appears
that any affects of the experimental mathematics programs on science enrollment
may have been only an indirect result of experimental program effects on mathe-
metics enrollment decisionms.

mhere is a further consideration with respect to enrollment differences and that
concerns the pupil’s general academic motivation and objectives as well as his
initial (pre ninth grade) attitudes toward mathematics and science. No independent
jnformation was available concerning these factors which may also have varied be-
tween E and C class pupils and contributed to enrollment differences. Con-
sequently it is difficult to conclude that the experimental programs were having
any definite effect on pupil attitudes as manifested by subsequent enrollment
decisions., At the same time the results do suggest that such effects may have
occurred for Ball State and UICSM pupils with respect to mathematics enroliment
decisions to the extent that further studies which, in addition, take into account
the pupils initial attitudes and motivations should be carried out. It was evident
in general, however, that grades pupils had received the previous year were a
stronger determinant of subsequent enrollment in mathematics than the specific
program of instructior as such.

With respect to performance in mathematics and science subjects at the tenth grade
" level, there was no evidence provided by the pupils' grades in these subjects
that the alternate programs of-instruction in ninth grade mathematics had any
differential effect. However, here again lack of information concerning factors
relevant to pupil motivation, such &s general attitudes toward academic achizsve-
ment and specific attitudes toward mathematics, precludes drawing sny unequivocal
conclusions with respect to the effects of these instructional programs on subse-
quent performance in relevant areas. Another consideration with respect to per-
formance in tenth grade mathematics is that for a large majority of pupils the
tenth grade mathematics subject in which they were enrolled was geometry. It is
quite likely that geometry does not require & high degree of application or
utilization of the specific knowledge or proficiencies acquired in ninth grade
algebra, and consequently performance therein would not be as sensitive to varia-
tions in the ninth grade instructional program,

Sumnary

This study was carried out to determine vhether any of several experimental pro-
grams in ninth grade algebra (Ball State, UICSM, SMSG) differentially affected
pupils attitudes toward mathematics as manifested by subsequent enroilment in tenth
and eleventh grade advanced mathematics and science subjects. The analysis also
considered the effect of the experimental programs on pupil performance (grades re-
ceived) in tenth grade math and science subjects. The sample consisted of pupils
in 21 pairs of ninth grade algebra classes, each pair of classes haviag been taught
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by the same teacher, ore class with one of the E programs, the other with
a conventional program,

Comparisons were made for each E program between pupils in the paired E and
C classes with respect to frequency of enrollment in tenth and eleventh grade
advanced mathematics subjects and tenth grade science subjects and with respect
to grades received in the tenth grade mathematics and science subjects. Previous
pupil performance (gredes) and mathematics proficiency test scores were con-
sidered in the comparisons which were made separately for each sex.

Some evidence of a higner frequency of enrollment in tenth grade mathematics for
pupils instructed with the Ball State and UICSM programs was obtained. For the UICSM
pupils a related terth grade science enrollment difference was found.

For none of the E program comparisons was a di fference observed between E and
C class pupils with respect to performance in subsequent mathematics and science

subjects.
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