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THIS INTERIM REFORT COVERS ONE FHASE OF A BROACEK
FROGRAM AIMED AT STUCYING THE EFFECTS OF THREE EXFERIMENTAL
MATHEMATICS FROGRAMS IN NINTH-GRADE ALGEBRA--BALL STATE, THE
UNIVERSITY OF ILLINOIS COMMITTEE ON SCHOOL MATHEMATICS
(UICSM) , AND SCHOOL MATHEMATICS STUDY GROUF (SMSG)--ON THE
ATTITUCES ANC INTERESTS FUFILS CEVELOF TOWARD MATHEMATICS.
THE SAMFLE CONSISTED OF 37 FAIRS OF NINTH-GRACE ALGEBRA
CLASSES, EACH FAIRK BEING TAUGHT BY THE SAME TEACHER, AND
UTILIZING ONE OF THZ THREE EXFERIMENTAL FROGRAMS (E), IN ONE
CLASS, CONVENTIONAL METHOCS (C) IN THE OTHER. TESTS WERE 3
ACMINISTERED AT THE BEGINNING AND AT THE ENC OF THE SCHOOL ‘
YEAR. TWO INSTRUMENTS, FPREVIOUSLY DEVELOFEC BY OTHERS, WERE
USEC TO MEASURE INTEREST IN MATHEMATICS. A QUESTIONNAIRE WAS
ALSO CEVELOFED TO MEASURE THESE SFECIFIC ATTITUCE AND
INTEREST FACTORS--(1) INTRINSIC INTEREST, (2) FERCEIVED
KNOWLECGE, (3) FERCEIVEC UTILITY, (4) EXFERIENCEC EASE OK
CIFFICULTY OF LEARNING, ANC (3) ACHIEVEMENT MOTIVATION. OTHER
EVALUATION MEASURES THAT WERE USEC WERE (1) SEQUENTIAL TESTS
OF ECUCATIONAL FROGRESS (STEF) TESTS, (2) EIGHTH-GRACE
MATHEMATICS GRACES. AND (3) CONCURRENT YEAR, NINTH-GRACE
MATHEMATICS GRABES. REZULTS., IN GENERAL, SHOWED LITTLE
CIFFERENTIAL EFFECT IN FUFIL ATTITUCES AND INTERESTS BETWEEN
THE INSTRUCTIONAL FROGRAMS. HOWEVER, A CONSISTENT TENCENCY
WwAS REFORTEC FOR FUFILS IN THE BALL STATE FROGRAM TO CEVELOF
LESS FOSITIVE ATTITUCES, AND THOSE I{N THE UICSM FROGRAM TO
CEVELOF MORE FOSITIVE ATTITUCES THAN STUCENTS IN THE
: CONVENTIONAL FROGRAM. ALSO, 1T WAS INCICATEC THAT STUDENTS
EXFERIENCEE MORE LEARNING Ci: FICULTY IN THE E "ROGRAMS THAN
CIC STUCENTS IN THE C FROGRAMS. A LIST OF 12 REFERENCES IS
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Effects of experimental programs in mathematics on the relevant attitudes and interesis
of ninth grade pupils as measured by questionnaire indices!

Janes J. Ryan
I. Introduction

' The development of positive attitudes and interests with regard to the content of any

subject matter area is usually one of the main instructional objectives emphasized by
educators and curriculum developers. This is because the pupil's attitudes and
interests directly atfect, if not represent, the motivational basis for acquisition
and performance in connection with the subject matter. Consequently, such outcomes
need to be considered when examining the merits of any instructional program.

With respect to newer programs in mathemetics, it is reasonable to consider and their
developers and proponents have suggested, that in addition to providing a more
affective and functional knowledge of mathematics, these programs might centribute
mare to the development of positive attitudes and interests in mathematics than have
the traditional programs.

More positive ettitudes and interests toward mathematics might be expected in part
because of several characteristics of the newer programs such as: (1) an attempt to
provide more powerful general concepts end principles which have broader applicebility
and require 1~ss emphasis on specific manipulative and computational skills of a
somevhat monotonous and repetative nature; (2) emphasis on active pupil participa~
tion in the learning process and “"discovery learning”; (3) presenting problems and
concepts in more meaningful and relevant situations and contexts than hes been
typical of conventional materials.

This study was carried out as part of a project investigating the effects of several
recently developed experimental progrems in secondary mathematics on the attitudes
and interests pupils develop toward mothematics.2 This facet of the project was
focused on providing an assessment of a broad range of possible attitudinal effects
which on logical grounds appeared likely to be -nfluenced by the alternate programs
and/or related conditions of instruction. These effects were examined using indices
~easuring both the general affective reactions of pupils as well as more specific
attitude and interest components and factors.

!The research reported herein was supported in part through a contract (OE-5-10-051,
Project 5-1028) with the Office of Education, U.S. Department of Health, Education
and Welfare.

Very capable assistance with the data gathering, processing and analysis for this
study was provided by Clifford Carlsonm, Rodney Rosse, David Klemmack, Chaur C. Chen
end JoAnn Youngren which is gratefully acknowledged.

2preects of modern and conventional mathematics curricula on pupil attitudes,
interests, and perception of proficiency, Office of Education Project 5-1028, James
J. Ryan, Project Director.
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The procedure followed was to administer questionnaires including the various indices
at the beginning and end of the school year to pairs of ninth grade algebra classes
taught by the scme teachers, one class with one of the several experimental programs,
the other with the teacher's conventional program.

Comparisons were made between pupils in clesses receiving the alternate instructional
programs in terms of their questionnaire responses. Since these effects night vary
with other conditions of instruction or pupil or teacher characteristics; pupil sex,
nmeasures of achievement and grades in mathematics, pupil judgments of relevant
instructional conditions, and teacher experience with, and evaluation of, the
experimental programs were considered in the anslveis. Also the analysis considered
pupil's initial (beginning of year) level of interest and attitudes to determine the
effects in terms of change over the period of instruction.

A. Conceptual Considerations

1. Instructional progran effects

The main purpose of this study was to determine whether the experimental mathematics

programs individually or collectively contributed to the development of differential

attitudes toward mathematics in contrast to the conventional programs of instruction.
Since the concern was with effects or pupil change over the year in which the differ-
ent instructional materiels were used, the pupil's entering or initial attitudes and

at*itude relevant characteristics were considered in the analysis design.

Differences observed on an attitude measure between E and C class pupils when the
initial cheracteristies of pupils in the alternate instructional groups are equated,
either statistically or otherwise, could be attributed to differences in the instruc-
tional conditions or experiences of the Separate groups of pupils. Even though the
instructional materials represented the main difference between the alternate groups
and the design required that the same teachers instruct both experimental and con-
ventional classes, other attitude relevant instructional factors or conditions may
have differed in some consistent or systematic way to contribute to or determine
attitude differences between experimental and conventional class pupils. Among the
factors or conditions that might vary with the instructional materials were those
that could have & direct and those that could have an indirect effect upon pupil
attitudes. The indirect effects would be those that resulted from changes in other
instructional factors or conditions that were more directly affected by the instruc-
tional materials being used. Teachers' attitudes toward the materials, their gradirg
practices, or their demands upon pupil performance if they varied between E and C
classes could be possible sources of such indirect effects. The direct effects
would be those resulting from the pupils' interaction with the materials, as such,
relatively independent of other factors in the instructional situation. The
assertion of those suggesting that the newer curricula night make a greater contri-
bution to attitudes toward mathematics appears to imply that such outcomes:are
primarily the result of direct rather than indirect effects. Consequently, in the
annlysis consideration was given to and a distinction made between factors that might
represent direct and indirect effects of the instructional materials. Among the
former, data concerning pupil judgements or reactions to the materials were gathered
and among the latter, information concerning teacher's attitudes toward the materials
and pupil grades were obtained. Fram a methodological point of view, however,
because of their interaction over time and because these effects are not independent,
it may be difficult to determine the order of effect or causal sequence for such
conconitent factors with respect to attitudinal outcomes.

R ek g e
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In addition to the question of the general effects or differences for the experimentai
progrems being examined, there is also the question of possible variations in effects
or outcomes under different instructional conditions or for different cubgroups of
pupils. This is a question of factors or conditions that might moderate the effects
of the various instructional materials. Among the factors that vere considered as
moderator variables were such pupil characteristics as sex and jevel of mathematics
ability as well as the amount of teacher experience with the experimental program.
This set of factors should be distinguished from those considered previously as
conditions effecting or mediating the attitudinal outcomee in that differences for
the latter variables arise during the instructional period while those characterized
as moderator veriables represent conditions existing prior to instruction. The
causal sequence of effect for the moderator varisbles is more evident while the order
or direction of effect for conditions occuring or at Jeast observed during the
instructional period can only be inferred in conjunction with certain assumptions.

2. Attitude and interest measures

With respect to the several attitude and interest measures being used, there are some
general.methodological questions vhich should be considered in connection with the
objectives of the study. The main objective of the study, to determine the effects
of the experimental programs on pupil attitudes, presumes the existence of at least
a general affective reaction factor which is measurably independent of other logically
distinguishable pupil characteristics which have been frequently observed to be
major determinents of pupil behavior. General academic ability or proficiency a8
indicated by achievement tests and grades nnd academic achievement motivation in the
gense of a positive attitude toward schocl and school achievement are two such
individual difference factors which have frequently been found to account for A
large amount of variation in pupil behavior in the school situation. Since the
variables with which this study was concerned vere to be conceptually distinguished
from both general and specific jevels of ability or proficiency and from attitudes
toward school in general, it is necessary that the respective measures of these
variables exhibit a certain degree of independence. Consequently, the data were
examined to determine if this were the case. The observation of higher inter-
correlations among the several geparate mathematics attitude indices than between
these indices and measures of ability, achievement or general academic motivation
would be one indication of independence. The observation of systematic differences
or effects for the mathematics attitude indices when ability and/or general attitude
factors are partialed out would also provide evidence that the indices were measuring
somewhat independent factors.

A similar question at a different level is also posed for several specific
attitude and interest indices {as contrasted to more general or global indices of
interest) which were developed within the project to measure the more specific
component attitudinal dinensions presumed to comprise n general affective reaction
factor reflected in the globel attitude jndices. Similar criteria and observations
indicated above are applicable to this question also. In addition, since these
indices were developed within the project, it wes possible to construct them to
minimize their reflecting common factors by considering the jnterrelations between
jtems to be included in the geparate scales or indices.

In general, these are essentielly questions of the construc. validity of the
various indices being used with respect to which some evidence will be presented in
terms of the relations between the measures ard varisbles observed.
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ITI. Procedures

A. Sanple

The sample consisted of 3T pairs of ninth grede algebra classes; each pair being
teught by the same teacher in connection with his participetion in project investi-
gating the achievement effects of the experimental programs. Their participation in
the latter project consisted of using one of the experimental (E) pi-ograms in one of
their algebra classes and their usual conventional () programs in ¢ separate class

and of administering designated achievement tests at the beginning end end of the
school year to both classes. :

The perticipant classes were in uchools distributed over a five state area (Mipnesocta,
Tova, Wisconsin, North Dekota, and South Dakota). The greatest majority were in less
populated communities rather than the larger metropolitan aress in this region.
Participation was voluntary on the part of both teachers and school administrators.

Because the achievenent evaluation project being carried out with the experimentsl
materials had been underwey for several years, teachers in the sample for this study
had verying amounts of previous experience with the experimental progran they were
using. Also because of the voluntary neture of their participation, there were &
different number of teachers using each experimental progran and, therefore, the
number of pairs of E and C classes, as well as the : .iber of previous years cxperience

the teechers had with the experimental program, varied among the experimental prcgran
conditions.

Table 1

Fumber of teachers following each E program and the
number of previous years experience with that progranm.

Number of
previous years Ball State UICSM SMSG Total
2 5 2 3 10
1 h b b 12
0 2 3 10 15
11 9 17 37

As part of the procedure involved in participation in the achievement evaluation
project, principals and teachers had been requested to assign pupils to the alter-
nate classes on a raudom basis. That this was not accomplished for a few of the
classes, inadvertantly or otherwise, was evident from the distribution of initial
achievement test scores. 3 The classes did, however, represent a fairly wide range
in level of mathenmatics achievement et the beginning of the year.

3ps discussed below, these classes were not included in the analysis concerned with
jinstructional treatment effects.
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B. Experimental naterials

The experimental materials used in the alterncte experimental classes were those
developed under the auspices of the Ball State Indisna Teachers College, The Uni-
versity of Illinois Cammittee on School Mathematics (UIcsM), and the School Mathe-
matics Study Group (SMSG). The specific ninth grade textbooks for each of these
progrems were respectively; Algebra I by Brumfiel, Eicholz end Shanks, Addison-
Wesley, Mass. 1961; High School Mathematics Units 1-4, Revised Edition, Illinois
Committee on School Mathematics, Univ. of 1llinois Press, Urbana, Ill., 1962;

First Course in Algebra, School Mathematics Study Group, Yale Univ. Press, New Haven,
Conn., 1962. These programs are for the most part prototypes of what has been
commonly ~haracterized as "modern” mathematics.

C. Date =athering procedures

Principals and teachers who were elready participating in the experimental program
achievement eveluation project were contacted at the beginning of the school year
and requested to cooperate in the data gathering aspects of this project. Upon
indication of their willingness to do so, principals vere requested to make arrange-
ments for the questionnaires to be administered in the two mathematics classes by
gomeone other than the teacher (preferably an administrator or counselor). Forms
filled out by those administering the questionnaires indicated that they complied
with this request in every instance.

The questionnaires incorporating the various measuring instruments were distributed
to the schools for administration approximately 5 - 6 weeks after the beginning of
the fall term. Most were administered within a week after their receipt. Revised
questionnaires were agein distributed for administration following the same procedure
within the last two or three weeks of the spring term.

As part of their participation in the achievement evaluation project, mathematics
acuievement tests were administered to pupils in all classes at the bveginning and end
of tic school year. Z

During the following year, sclools were contacted to obtain the average grades

received by pupils in the participating classes during the experimental year and the
previous year.

D. Instrumentation

1. Attitude and interest indices

Data was obtained on a number of separate indices of attitudes and interests in
mathemaetics which were based upon pupils' expressed feelings, preference, judgements
and/or beliefs concerning mathematics as a school cubject or as an area of activity.
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The self-report indices wers of two types; those previously developed outside of the
present project which appeared to represent measures of a pupil's more general or
global interest in mathematics and those developed within the present project to
measure more specific component dimensions or factors underlying the attitudes toward
or the interest in mathematics. The latter were developed to assess certain specific
logically independent attitude or interest relevant factors or attitudinal components
that seemed likely to be affected by variations in instructjonal conditions and vhich,
consequently, might contribute differentially to the pupil's overall affective re-
action or general attitude or interest with respect to mathematics.

The two previously developed measures of general interest in mathematics were the
following:

The Aiken Mathematics Interest Scale (A scale), a twenty item Likert type
scale in vhich the respondent indicates from among five alternatives,
ranging from "strongly disagree" to "strongly agree", the extent of
agreement with each of the statements provided concerning mathematics.
The responses are logically keyed with response weightz from 1 to 5 in
the direction of a positive atiitude toward mathematics. This scale

was developed and reported by Aiken ( 1).

The Dutton Mathematics Attitude Scale (D scale), is a twenty-ome
Thurstone type scale developed and reported by Dutton ( 6). This

scale is made up of statements representing varying degrees of positive
and negative feelings, opinions or judgments about mathematics. The
statements have veizhts determined by an a priori scaling procedure
using judges familiar with the attitude or interest dimension being
measured. Respondents were instructed to indicate those statements
with wvhich they most strongly agreed. Their score was the average

of the weights of the items they selected.

Indices to measure the more specific factors or components of mathematics attitudes
and interests were developed in the following way. Questionnaire items vere con-
structed to obtain judgments, perceptions, feelings or reactions reflecting each of

a number cf attitudinal dimensions or attitude relevant jnstructional factors. These
jtems were included in the questionnaire with the same response format being used for
each iten. ’

Following edministration of the questiomnaire, responses to each item were inter-
correlated and the resulting correlation matrix factor analyzed using a principle
components solution rotated to Kaiser's normal vari-pax criterion. The correlations
and factor analyses were used to identify items among those constructed for each of
the indices that hed similar factor loading patterns® and that would provide the
highest intrascale and lowest interscale correlations. This resulted in some items
being excluded from the indices for which they were constructed an2 some intended
indices being dropped fram further consideration because the items were found not to
be sufficiently independent of those in other indices to warrant consideration as

a separate dimensionS ‘The items included in each of the resulting indices were

474 should be pointed out that the orthogonal factors resulting from the factor
analysis were not used directly to define the attitude dimensions to be measured by
the items nor was any construct interpretation of these factors attémpted.

Sone of these was en inc2x of "perceived gain ir kno#ledge"” the items for which

Q
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those exhibiting higher intrascele iten correlations and factor pattern sinilarity
than those in alternate indices. Each indjces also gave evidence of reflecting
factors sufficiently independent of other indices to be considered a separate
dimensi{on.

The item analysis and index development activities outlined above were carried out
for items included in doth the beginning- end end-of-year questionnaires. The
analys of the initial set of questionnaire items provided the basis for revision
of so=. .3 is and development of additional items to obtain more adequate indices
fron the end-of-year questionnaire.

The following are the indices developed from the questionnaire items to measure more
specific attitude and interest factors.

a. Intrinsic interest - Consisting of items concerned with the degree
of interest in or preference for activities involving or requiring
the use of mathematics.

This scale represented an attempt to get at the aspect of interest that derives from
the pupils®' reaction to mathematics materials and activities as such in contrast to
an interest that derives primarily from performance, competency, or general achieve-
ment motivation factors. That is, the degree cf preference for math activities
independent of outcomes in terms of achievement. Items in this index asked about the
pupil’s level of interest, and such things as hov much he 1liked doing homework or
extra reading in mathematics.

b. Perceived knowledge - Items concerned with pupils' judgement about
his own knowledge or proficiency in nathematics. This index included
ftems requesting the pupils’ judgement of his own proficiency relative
to other pupils as well as in absolute terms.

A p\tpil'é conception of his own proficiency in a given subject matter area has often
been suggested as a factor relevant to subsequent achievement. Recent evidence pre-
sented by Brookover ( I ) provides direct support for this contention.

¢. Perceived utility - Items concerned with the extent to which knowledge
of mathematics was seen ag facilitating achieverent of the pupils
future goals and objectives, that is *how useful or importent” they
felt knowledge of the subject was for what they wanted to do later on.

This index was included in pert because studies of factors underlying social attitudes
have suggested that perceived instrunentality or utility of the attitude object for
achieving valued goals or ends is a relevant factor influencing the intensity of the
attitude. (See Rosenberg ( 8).) In addition, mathematics is often conceived of as

a skill vhich is acquired primarily for practical purposes. This is a characteristic
which might be less apparent in the "modern" experimental as compared to the conven-
tional mathematiscs programs.

could not be distinguished from those in an index measuring "ease of learning."
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d. Experienced ease or difficulty learning - Items concerned with the
ease or difficulty the pupil experienced learning and understanding
the moterial presented in the mathematics class.

Although not otviously an attitude dimension, the pupils ' subjective impression of the
ease or difficulty experienced in conjunction with the required learning tasks is
reasonably a factor highly relevant to the pupil's affective reaction to that subject.

e. Achievement motivation - Items concerned with the pupils' desire or
determination to achieve at a high level in his mathematics class,
e.g. "how important is it to you to get a high grade?"

This indexwas included to tap the pupils more general motivation to achieve (in the
sense suggested by Atkinson (2 ) as it might be reflected in his nathematics class.

In addition to the items comprising the scales providing direct measures of pupil
attitudes and interests, items were also included to obtain indices of instructional
factors end conditions vhich could possibly influence, but less directly reflect,
attitudinal effects. Some of these items were incorporated into multiple item scales,
others were used as single items. Among these was a multiple item index concerning
the amount of homework the pupil engaged in for his mathematics class, i.e., an
Expended Effort index.

Single items indices concerned with how well the pupil liked the teacher and judge-
ments sbout the ease of understanding and using their texts were also included. The
textbook item was included to obtain a direct pupil reaction to the experimental
materials used in the classes.

2. Response format and attitude index scores

Each of the items included in the above indices was constructed to obtain a response
on a graphic scale having appropriate labels acconpanying the jtem which in effect
served to define the dimension of response. Since the same response format was used
for all items, the items prepared for the seperate indices were included in the
questionnaire as a single set of items following the same response instruction. ]
Pupils were instructed to respond to each item for each of the academic subjects they 3
were taking (which were designated as mathematics, English, social studies, science,
and foreign larguage). For each item, the pupil's response for each subject was made
on the same scale that accompanied that item. This form of response permitted éach 1
ftem to be scored for a given subject such as matheratics in two ways; (1) in terns ]
of actual scale units for that position on the scale (absolute value or a-v) and f
(2) in terms of the rank position {r-p) for that subject relative to the pupiss' other ‘
subjects.

This procedure was followed for several reasons. One was to eliminate certain types
of response bias that might otherwise occur when responding only with respect to a
single subject. One type of responsé bias would be the pupil's general attitude
toward school which might be represented by a tendency to consistently respond toward
the positive or negative erd of the scale on each of the items. This tendency would
seen to represent what has been characterized by some (see Rorer (T )) as a "response
set."” Also, scores based on reletive rank responses would eliminate "response style"
differences between those who tend to respond at the extremes of any scale and those
who tend to respond more toward the niddle of the scale, i.e. response polarization.
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Another consideration was that a more objective frame of referance, vhich was
relatively common or standard for all pupils, would be provided by having pupils
respond with respect to several subjects in addition to mathematics.

In short, then for each index two scores could bde obtained. One score besed upon the
absolute scale velue of the response to. each item. The other score indicating the
relayive position for mathematics compared to other subjects for each itenm.

3. Other measures

Measures of pupil achievement or proficiency in mathematics were also obtained. At
the beginning and end of the school year, the mathematics section of the Segyential
Tests of Educational Progress (STEP), Level Two, ( 100 wes administered to all cleagses
it the sample. The pupils average grades in mathematics for the previous year,
eighth grade, and the concurrent year, ninth grade, were also obtained for approxi-
mately 80 percent of the classes in the sample.

One factor in the instructional situation that could affect the pupils' attitudes

in addition to the meterials used, was the teacher's attitude or Judgment concerning
the materials. Even though the teachers had volunteered to participate, it seemed
likely that their judgments and evaluations of the experimental materials could vary
over time. A more positive reaction to the experinental than the conventional program
might be more frequently expected, reflecting in part the "Hawthorme effect” often
noted in curriculum evaluation studies, but other factors could comtribute to a
negative evaluation of the experinental progran. The nature of the ‘teacher's reactior
could carry over to the pupils, either in a direct way through the teacher'’s expressic:
of his attitude or possibly indirectly in terms of overt enthusiasm, etc.

To have some assessment of the teacher's attitude and judgment about the experimental
materialr, a questiomnaire was prepared requesting on a pumber of specific items, the
teachers judgments, feelings, and their charecterization of the experimental programs
they were teaching. Thirty-five of the 27 teachers in the sample returned completed
questionnaires. This questiomnaire provided a besis for classifying or acoring
teachers in terms of their relative attitudes and judgments about the instructional
programs which could be exapined for their possible correspondence with the resultant
pupil attitudes.

E.  Anslysis

The analysis was carried out to determine vhether the attitudes developed toward
mathepatics differed between pupils in experimental (E) and conventional (C) classes.
Pupils in classes instructed with the separ te experimental programs were compared
with those in classes instructed by the same teachers with a conventional progrean.
BEach teacher, therefore, had an E and a C cless. Since the main question concerned
changes or effects occuring over the school year, it was necessary to take into
account the pupils® initial level as observed at the beginning of the school year on
each of the outcome variables being considered. T™is was done by blocking on levels
of the premeasure of the dependent variable being anzlyzed and treating the pre-
_easure as & separate factor in the analysis design which in effect also corrected "
for any initial differences between couparison groups. To make these ccmparisons a “
four-factor pertially hierarchal analysis of variance design was used. The four

factors vere:
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1. The progran used in the E class - the E progrem comparison condition.
Each teacher used one of three E programs, Ball State, UICSM and SMSG.

2. The instructional treatment - vhether the class was receiving instruction
with an E or a C progran.

3. The premeasure control for the dependent variable - two levels determined
by the median of the overall distrivution of scores were used.

L. The teacher - teachers vere nested within the alternate E program
comparizon conditions.

The instructional treatment and premeasure (or control) factors were crossed with each
other and with the teacher and E program factors. A schematic representation of this
design with the factors and alternate levels designated is given belov.

Representation of analysis of variance design

Treatment B, (E) B2 (c) B.
Premeasure | C,(lov) Cp(nigh) C. ¢, G C 6 ©C c.
Progran Teacher
A (1) i1 f2ar | faa Xoattia Haaff.a
(Ba11 Dr(1) X112
State) | .
Dri1)
D-(1) . R, | *na.. X, 150 "o b,
)
A, 1(2)
(UICSM)
| Dr(2)
D.(2) n1. a2, | *a.. Yoo |%0.1. %2.2.1%...
Ay Dy(3)
e |
;  Du(3) ’
| D-(3) X1, Xa12, 1 *a., X3.. Xs...
, A. . X4 X2, 1 Xa.. X, X ..
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A mixed effects model, with teachers being the single random variable, wes used with
an unveighted means method of analysis. Use of the unweighted means solution vas
required because of the varying proportions of pupils in each class falling in the
alternate levels or blocks for the premeassure as well as the different numbers of
pupils in each class. The latter factors also necessitated adjusting the within-cells
error estimate for the unequal frequencies within these cells.

The elements and notation for the four factor partially hierarchal design are shown
below:

Sampling
Distribution of correction
Factor Notation apd levels factor levels  factor
A: Program i=1, ...I, vherel =3 fixed I=I' l%s 0
B: Treatment J=1, ...J, whered =2 fixed J=J' 1-—‘}. =0
C: Premeasure X =1, ...K, vwhere K = 2 fixed K=K' 1%, = 0
D: Teacher l1=1, ...L, where L = Number of L
teachers random L << L' 1-5. =]
m=1, ...M, ° where M = Number of.
pupils/cell
(unequal in each cell) random M << M’ 1-%. =1

Pactor D (teacher) is nested under factor A (curriculum).
The model for this analysis has the form:

Xiggan ¥+ 03 * By + vy ¥ aByy +avg, *Bry +abyyg + S(s) * BO(y)

* 81t M)t Smagk)

The degrees of freedom, expected@ mean squares and appropriate error terms for this
kind of design are given below.
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Source of Degrees of Expected
variation freedom mean square Appropriate error term
1) A I-1 o2 + JKMD ) + JKIMoY  MSp(,)  or MSg(ppep)
2) B J-1 °§ + KM"]23.1)(1\) "'mlz; MSg.p(a) OF ¥Ss(aBcD)
3) C K-1 o? + JMaZ n(py * IJWMog  MSg.p(a) °F MS5(apcp)
b) B (I-1) (3-1) o2 + KMoJ ;) + KIMoZy  MBp.p(y) OF MSg(,pep)
5) AC (1-2) (K-1) o2 + JM“%.D(A) + JIMh%C MS:.p(a) °F ¥Ss(aBcD)
6) BC (3-1) (k-1) o2 + Moy * IMog.  MSpo.p(a)°F ®Ss(ascp)
1) ABC (1-1) (3-1) (K-1) o2 + Mod. o,y + Wojpe  MSpo.p(a)r Mg(ancp)
8) D(A) 1{1-1) o2 + JKMo] ) ¥55(aBcD)
9) c-p(a)  (K-1)I(L-1) o2 + JMoZ .1 p) ¥s(ascp)
16) B-D(a) (3-1)1(1~1) o2 + ng,D(A) ¥Ss(aBCD)
1) Be-D(A)  (J-1)(K-1)I(L-1) o2 + M2, o)y ¥S5(aBCD)
12) S(aBcD) N - IJKL o2
Total N -1 ]

In testing the effects of the nested dimension, p(A), c-D(A), B-D(A) and RC-D(A),

preliminary tests are required.

denominator in the F ratio, these tests were run at a = .25.
were nuil (i.e. 6i(i), BGJe(i), y&ke(i), and ByGJke(i) were dropped from the model)

then the adjusted within cells err

main effects.

error term shown in the table was used to test

actions.

By using the adjusted within cells error as
If all these tests

or was used to test the remaining interactions and
If a1} the preliminary tests weve significant, then the corresponding

che main effects and remaining inter-
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Because the variance estimates for D(A), c-p(a), B*D(A) and BCD(A) are obtained by
pooling the respective variances within each nested level (i.e. E program comparison
condition), the model assumes that these variances are homogeneous. A homogeneity of
veriance test (Pmgy Winer (11), pp. 92-96) was used to test this assumption for each
of the variance sources. Since F tests are quite robust with respect to departures
from homogenity of variance the null hypothesis was rejected only when p < .O0l. When
the latter hypothesis was rejected, only comparisons made within rather than across
the nested condition, i.e., only an analysis for each alternate E program condition,
using the model given below, could indicate the actual treatment effects.

Although there was a different number of teachers in the sample following each of the
experimental programs, to assess the teacher effects, the analysis design required
that an equal number of teachers be represented within each E progran condition, i.e.
each nested level. This meant that some selection be made among the teachers in the
E program conditions having the greater number. Another condition of selection was
also necessary due to the rather wide range of class differences observei for meny

of the premeasures which resulted in some classes having too few pupils in either the
high aor low levels or blocks on the premeasure to fit the minimal conditions for
analysis. Both of these conditions were met by selecting in equal numbers, within
each E progran condition, those teachers having classes for which the cell frequencies
were above the minimum necessary and which exhibited the most balanced proportions
with respect to the alternate levels on the premeesure. This determination was made
separately for the analysis of each of the dependent variebles, i.e. each of the
attitude and interest indices, since for each a different premeasure was used.

Scores defining the two levels or blocks for the premeasure control variable were
esteblished by the median of the distribution of scores on this variable obtained by
pupils in all classes.

Among the sources of variation in the four factor analysis design, the treatment main
effects and several treatment interactions; progrum by treatment, treatment by pre-
measure and treatment by teacher were of primary interest. The treatment mein effects
would represent the degree to vhich there were E-C differences over all thrce E
program comparison conditions. The treatment by progran interaction indicetes
variation in the E-C differences among the alternate E program (treatment) condition:
while the treatment by premeasure interaction indicates a variation in the E-C
difference between pupils having higher and lower scores on the premeasure.

The progran and premeasure main effects are of less jnterest. The progrem main
effects would indicate the extent to which there vere differences among the three

E program comparison conditions considering both classes (E and C) for each +eacher.
A reliable program main effect would indicate that there were general differences,

as reflected in both E and C classes, between the separate sets of teachers using
each E program and/or that the separate E programs had some differential effect on
both classes vwhich necessarily would have to have been mediated by the teacher. That
i3, a program effect could be attributed to the differences among the sets of teachers
following a given E program as mach as to the program differences as such. The
former possibility seems more plausible, however, since teacher and program effects
sre confounded, it would not be possible to determine which were the case. 1In either
event they are not questions of primary importance for this study.

ks,
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A reliable premeasure main effect would usually be expected since this would indicate
that the differences existing at the beginning of the year on a given measure per-
sisted through the year. The higher the pre-post correlation for s given measure,
the greater should be the premeasure effect.

The teacher main effects and teacher by treatment interactions were also of somewhat
less concern since they reflect general teacher differences (within E program
conditions) common to both E and C classes and do not, therefore, have any clear
implication for the treatment effects.

The treatment by teacher interactions were, however, given some consideration in that
they would indiceate differential treatment effects among teachers.

The four-factor anelysis was cai. ‘ed out across all E program comparison conditions
to determine the nature of the general instructional treatment effects common to all
E programs, and to determine if there were reliable variations in the E-C differences
between programs. It was of equal interest to examine the instructional treatment

effects for each of the separate E programs.

For each of the E program comparison conditions, a three-factor analysis was also
carried out following essentially the same analysis design as used across all E
programs. For the three-factor analysis within the E program comparison conditions,
the three factors were crossed and a 2 X 2 x t factorial design with t repre-
senting the number of teachers was used. Here again teachers were treated as a
random variable.

The model for the within program three-factor design was:
xjklm(i) = u, + BJ + Yy + 61 + BYJk + 8631 + Yskl + Bysjkl + em(dkl)(i) .

The degrees of freedom, expected mean squares, and appropriate error terms are shown
below:

Source of Degrees of Expected Appropriate
variation freedom mean square error ternm

B J-1 o2 + KMo, + KIMoZ MSpp OF MSg(pep)
c K-1 02 + JMaZ, + JiMs2 MS.p, or M (pep)
BC (3-1)(k-1) 02 + Mo o + IMoZ, MSpep ©F ¥g(meD)
D 1-1 o2 + JKMoZ Y55 (BcD)

BD (3-1)(1-1) o + KMoZ, M55 (BCD)

cD (K-1)(L-1) o2 + JMoZ, ¥Ss(BeD)

BCD (3-1){k-1)(L-1) o2 + Mol MS5(pep)

S(BCD) F - JKL o2

TOTAL N -1
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The criterion for the preliminary test on the interaction effects BD, CD, BCD was

@ = .25. If the null hypothesis was rejected, then MSBD vas used as the error term
for testing the B effect, HSCD for C effect, MSBCD for 8C effect.

The within P program condition enalysis was carried out routinely independent of the
results of the tests for the overall analysis. If, for the within program analysis,
significant treatment main effects or treatment interactions were observed in the
absence of an indication of such effects from the overall analyses, then any inter-
pretation or generalization of the within program effect would have to be qualified
since the probability of a Type I error would be increased by this practice by
virtue of the dependent hypotheses.

For some veriables the snalysis was carried out for males and females separately as
well as for the sexes combined.

Initial achievement scores obtained for the classes as well as questionnaire infor-
mation from the participant teachers provided an indication that five homogeneously
grouped classes (some high, some low ebility) among those that would otherwise be
included in the data analysis semple. Since such grouping could in itself be a
source of certain differential attitudes and reactions between a pair of classes,
both classes (E and C) for teachers having a homogeneously grouped class were,
therefore, eliminated from the analysis directly concerned with the instructional
effects. Four of these teachers were using the SMSG program and one the Ball State

program.

III. Results

A. Overall E-C differences

1. General mensures of irterest in mathemastics
a. Afien Scale

Table 2 shous the adjusted (unweighted) meaus obtained for E and C class pupils in
each prograx compari-on condition on the Aiken Interest scale administered at the
end of the year. Table 3 shows the results of the analysis of variance of the
scores obtained on this measure across. all program coaparison conditions for the
sexes scparately and combined.

Over all yrograms the C class pupils had ¢ higher mean Aiken scale score than the E
class pupils which was reflected by a significant treatment main effect in the
analyses. This result was obtained even though in the UICSM comparison the E class
mean was higher than that for the C classes. However, the homogeneity of variance
assumption for the teacher by treatment interaction term required for the treatment
effects test was not tenable, i.e. there was a highly significant difference among
the separate variances that were pooled to estimate this interaction effect.
Consequently, only the analysis within each of the separate program comparison
conditions could provide an indication of the instructional treatment effects. For
these comparisons, the three-factor analysis of variance design wes used, the results
of which ere shown in Table L.
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TABLE 2

Aiken Mathematics Interest Scale adjusted mean scores for pupils in E and C classes.

All pupils 9 pairs E and C classes in each E program condition.

Treatment ‘ E c

Experimental Premeasure
Program Level low high ave, low high ave.

Ball Sta.te . 2087 3.69 3003 3090
« 3.28 3.46

UICSM 2.96 3.7 2.77  3.90
3.3h4 3.33

SMSG 2.72 3.73 2.91 3.72
3.23 3.32

Total 2.85 3.71 2.90 3.8k
3.28 - 3.37

Males 5 pairs E and C classes

Ball State 3.0& 3.69 2099 3077
3037 3.38

UICSM 2.96 3.96 3.17 3.7T9
3.46 3.48

SMSG 3.06 3.72 2.85 3.93
3.39 3.39

Total 3.02 3.79 3.00 3.83
3.0 3.41

Females 7 pairs E and C classes

Ball State 2,86 3.29 2.84 3.78
3.06 3.31

UICSM 2.93 3.79 2.56 4,11
3.36 3.33

SMSG 2.73 3.61 2.78 3.80
3.17 3.29

Total 2,84 3.56 2.72 3.89

3.20 3.31




F-ratios from the ¢nalysis of variance over all E progran somparison conditions for
the Aiken and Duttos scale scores for males and females separately and combined.

All Aiken ALl Dutton
Source of Variance a,f. Pupils M F _Pupils M F
Progrem 2 12 R 6 | a R 9
Treatment 1 4,3* 0.0 1.4 ) 1.0 0.0 1.1
Premeasure 1l L13. hene 88, 3ees 172 gkee 179.6%n% 85, 1%%% 20] f'pm-:
Progrem X Treatment 2 1.k 0.0 o7 .8 1 .9
Program X Premeasure 2 b .3 4,3 3.3 0.0 1
Treatment X Premeasure 1 A 2 9,7# 1.5 1 bob
Program X Treatment 2 1.9 2.5 1.3 2 0.0 3.3
X Premeasure
Teacher 3(t -1) 1.6% .5 2,7 .6 2.0 1.7%
Number of teachers t= 9 5 T 8‘M”» T .M_<T »
Teacher X Premeasure 3(t - 1) .9 1.3 T N 1.3 o7
Teacher X Treatment  3(t - 1) .8 .6 1.6 R 9 1.6%
Teacher X Treatment 3(t - 1) 1.8+ .9 .8 .8 1.4 1.5
X Premeasure
® p <,05
#® p <,01

* ### p <,001
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TABLE L4

F- ratios from the enalysis of variance for the Aiken and
each of the experimental progrerm comparison conditions.

Dutton scele scores within

Experimental Al Aiken | pyy  Dutton
Progrm __Source of Verience d.f. Puplls M F | Pupils M F_
Treatment 1 3.0 0.0 1.5 @ .3 0.0 1.0
Premeasure 1 88 Lssr 27 5kxe 25.1*"!105.h*" 3], THER 5] S*EE
Treat X Premeasure 1l 0.0 .2 3.7 é oD .1 o1
Ball State Teacher (t - 1*1.5 1.k 2.6 ; 1.9 2.8+ 1.1
Treat X Teacher (t - 1) 1.8 | 2.0 .5 1.k 1.k
Premeas. X Teacher (t - 1) 1.3 1.2 N § 3 5 .6
Treat X Premeasure (t - 1) 2.8%* .9 1.2 1.9 1.8 1.8
X Teecher
Treatment 1l 0.0 0.0 .1 .1 i .2
Premeasure 1 1h7.1%e* Lo,oex 90 5eeE. Lo Less 25, 7% T5.L*
Treat X Premeasure 1 5.7% 2.1 7.6%% 3.2 .1 16, C*#*
UICSM Teacher (t -1) 1.6 2.3 2.0 1.2 2.0 2.3%
Treat X Teacher (t -1) .2 .9 b .2 i 2.1
Premeas. X Teacher (t - 1) .8 .9 o2 2.5* 1.k .8
Treat X Premeasure (t - 1) .9 1.3 5 1.1 T 1.0
X Teacher
Treatment 1 1.6 0.0 S5 i 1.3 1 3.0
Premeasure 1 157.6%%% 26.9%* T1.6%4% 51.,28%% 19.6%% T9.4%x
Treat X Premeasure 1 1.0 3.0 .3 0.0 0.0 0.0
SMSG Teacher (t -1) 1.8 .8 3.6%# .3 .9 1.9
Treat X Teacher (t -1) .5 .3 2.h# A .6 1.2
Premeas. X Teacher (t - 1) A 1.9 1.3 b 2,2% .7
Treat X Premeasure (t - 1) 1.8 ' o7 5 1.5 1.6
X Teacher
8 - pumber of teachers (i.e. %
pairs of classes indicated in * p <,05, ** p <01, % p <,001 ;

the teble of meens for each
measure.
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The results of the analysis over all programs for meles and females sepe~ately did
not indicate a reliable treatment effect, but for the females there was a significant
treatnment by premeasure interaction. The latter effect resulted frca the fact that
among girls having initially lower interest scores, the end of year scores tended to
be relatively higher for the E than the C class pupils while among girls having
higher initial interests, those in the C classes had higher scores at the end of the
year.

The results of the separate analysis for each program comparison condition for each
sex separately are also shown in Table k.

The analyses within each program comparison condition for all pupils indicated no
significant instructional treatment main effects. The reliable treatment difference
noted above when the analyses was made over all programs was apperently a spnrioug
result of the untenable homogeneity of variance assumption. For the UICSM comparison
a significant treatment by premeasure interaction was obtained. The analyses within
the UICSM program comparison for meles and females separately indicated that this
effect (vhich was also observed to be significant in the analyses for females across
all E treatment conditions) was highly significant for girls but non-significant for
boys. A test of the E-C differences for UICSM girls within each of the initial
jnterest levels showed that in the low interest level the E class mean was reliably
higher (F = k.h, p < .05) than that for the C classes, but that for those having
initially higher interests, the difference in favor of the C class girls did not
quite reach the .05 level of reliability (F = 3.2, .05 < p < .10).

b. Dutton scale

Table 5 shows the adjusted (unweighted) Dutton Attitude scale means obtained for E
and C class pupils in each E program comparison condition. The analysis of variance
across all program comparison conditions for both sexes separately and combined
jndicated no significant treatment differences (either main effects or interactions)
2.y this measure. These results are shown in Table 3.

For the analysis within each E program condition for the Dutton scale (shown in
Table U), the only reliable treatment effect observed was a treatment by premeasure
interaction for girls in the UICSM comparison. As was observed on the Aiken scale,
among girls having lower interest scores at the beginning of the year, those
instructed with the UICSM program had higher post instruction scores than those in
the C classes while the difference was in the opposite direction for those having
higher pre instruction interest scores. A test of the differences between each
E-C mean within the premeasure levels indicated that for the lower level the E mean
was reliably greater than the C class mean (F = 11.1, p < .0l1) while for the higher
level, the C class mean was reliably greater (F = 6.1, p < .05).

The scales providing a more general or global measure of mathematics interest did not
reveal any consistent overall differences between pupils instructed with any of the
experimental programs and those instructed with conventional programs. On the Aiken
scale there was a general tendency for the E~C differences to be greater in favor

of the C classes among girls having higher rather than lower initial interests.

This variation in the E-C difference was most pronounced and statistically reliable
for girls instructed with the UICSM program. For the latter camparison on both the
Aiken and Dutton scales, among girls having initially lower interests, those in UICSM
classes had the higher mean interest scores while for girls with higher initial
interests those in the comparison conventional ciasses had the higher means.
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TABLE 5

Dutton Mathematics Attitude Scale adjusted mean scores for pupils in E and C classes.

A1l pupils 8 peirs E and C classes in each E program condition,

Treatment E [

Experimental Premeasure
Program Level low high ave. low high ave.
Ball State 5.10 6.60 5.02 6.85

5.85 5.9L
UICSM 5.19 6.56 4.85 6.81

5.88 5.83
SM5G 4,54 6.92 4,87 7.38

5.T3 6.13
Total k,95 6.70 4.91 T.02

5.82 5.97

Males 7 pairs E and C classes

f Ball State S.h1 6.97 5.95 6.96
E 6.19 6.26
UICSM 5 .25 6.72 5.23 6.56
5.99 5.90
SMSG 5,33 6.79 5.36 6.87
6.06 6.11
? Total 5.33  6.82 5.38  6.80
6.08 6009

3 Females T pairs E and C clesses

Ball State 4,58 6.32 4.80 6.70
3 5.h5 5.T5
UICSM 5.22 6.22 4,18 7.00
5072 5059
SMSG 4,3k 6.09 L,67 6.h4
5.21 5.56
Total 4.T1 6.21 4.55 6.71

5.46 5.63
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2. Indices of specific attitude dimensions

As discussed above, two scores were derived from the items comprising the indices
developed to assess specific attitude and interest dimensions or factors. One score
was based upon the absolute scale value response to the individual items which was
designated the a-v score. The second score was based upon the response to eacih item
for mathematics relative to other subjects, i.e. the subject renk position for
mathematics which 785 jesignated the r-p score.

a. Absolute-value Scores

i. Intrinsic Interest

The Intrinsic Interest index a-v score means are shown in Table 6. The
results of the analysis across all of the E progrem conditions are given in Table T.
In the analysis for females alone, there was a significant program by treatment inter-
action. This effect was a result of the UICSM girls having a higher mean and the
Ball State girls having a lower mean than those in their respective conventional
comparison classes. The results of the analysis for girls within each experimental
program comparison condition shown in Table 8, indicated none of the E-C differences
within the separate treatment conditions reached the .05 level of significance.

The significant interaction and the pattern of means indicates, however, that for
girls the intrimsic interest of those in the UICSM program was much more positive
relative to the intrinsic jnterest of girls in the comparison conventional classes
than were the interests of girls ipstructed with the Ball State program compered to
those in their comparison classes. No reijoble treatmert effects were observed in
the analyses made for this measure for meles or for all pupils cambined.

ji. Perceived Utility

The adjusted means for scores obteined on the Perceived Utility index are
shown in Table 9. The results of the analysis of variance considering all programs
are shown in Taeble 7.

A significant program by treatment interaction was obtained for the analysis consider-
ing 211 pupils and considering females alone. This interaction in both instances
appeared to be the result of the C class pupils having a higher mean Perceived Utility
score in the Ball State camparison and tiae E class pupils having the higher mean in
the UICSM comperison. The within program analysis was carried for each of the sexes
separately and combined, and is shown in Table 8. The results of the latter analysec
indicated that when all pupils were considered, tne E-C differences for both the

Ball State and UICSM comparisons were reliable at the .05 level. The analysis for
girls alone jndicated only the UICSM E-C difference was relieble. The latter analyses
also indicated a significant treatment by prelevel interaction for the UICSM program
comparison which was the result of E-C difference in favor of the UICSM classes being
larger among girls having lower rather than higher initial Perceived Utility scores.
For boys alone, no significant treatment effects were indicated for any of the

prograns.
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TABLE 6
Intrinsic Interest adjusted mean index scores for pupils in E and C classes.

All pupils 9 pairs E and C clesses in each E program condition.

Treatment E [
Experimental Premeasure
Program Level low high ave. low high __ave.
Ball State 2.U7 3.4k 2.48 3.38
2 [} % 2 L4 93
UICSM 2,55 3.27 2.l 3.34
2.91 2.89
SMSG 2.k6  3.u3 2.47 3.5
2,9k 2.99
Total 2.49 3.38 2.6 .n
f 2.9% 2.94

Males € peirs E and C classes

{ Ball State 2.23 3.50 % 2,10  3.15
F , 2. 2,92
UICSM 2.57 3.36 2.43  3.26
2.97 2,86
SMSG 2.54  3.50 2,34  3.7h
3,02 3.0k
Total 2.45  3.U5 2.39  3.k8
2.95 2,94

Females 6 pairs E and C classes

Ball State 2.49 2.9k 2.76  3.35
2.71 3.05

UICSM 3.05 3.37 2.47 2.9
3,21 2.7

| SMSG 2,46  3.10 2.37 3.1
E 2.78 2.7k

TOtal 2.67 3013 2.53 3013

2.90 2.83




F-ratios obtained from the analy

TABLE 7

for males and femeles separately end combined.

Source of Variance
Progran

Treatment

Premeasure

Progran X Treatment
Program X Premeasure
Treatnent X Premeasure
Program X Treatment

X Premceasure

Teacher

Nunmber of teachers

. . e .

P e e

ot

Teacher X Premcasure

Teacher X Treatment

Teacher X Treatmnent
X Prenmeasure

All
a.rt. pupils M F
2 .2 M .5 M
1 0.0 0.0 .3
1
2 1 3 3.9%,
2 8 1.0
1 o2 1 N
2 .3 .6 0.0
3(t - 1) 2,3%ss 2,0% m.qssh
. o R
— e -—
3(t - 1) 1.1 1.4k 1.6
3(t -1) .9 T 1.k
3(t -1) .9 1.6 1.2

Intrinsic Interest

217, Thus 80, 3HHUYT, LRNN2} 3, THAR T76.,1%%%1Y Onse TL Lews 35,3#RRYL3 INNN] QT ONER 72.6#R%00, 35#*

Perceived Knowledge |

All
pupils

1.2

3.2

.8
1,8
0.0

1.7

2,58

- -

8

o

1.0
1,0
1.3

P S tatunad

M P
1.2 1.5 |
1.k 0.0

-

sis of variance over all E program comparison conditicng for each attitude index s-v score

Perceived Utility

All

pupils M F
' U .3

H.m .m .m

Ease of Learning

All
pupils M F

.8 2.8 9
10,5% 1,3 1L, 2%#

o3 .2 1.6
1.k 0.0 3.0
0.0 1.0° 3.0
1.0 i .2
2.,3%u% |7 D, it

8 6 5
How J.ioo “_vow
1.0 1.2 1.6

.9 U el

1.1 1.9 5. L%* o7 3.T%
6 0.0 “ 6 5.L%% 0.0
o1 0.0 .~ o3 o2 2,2
om H.ON HQP or H.r
oT 2, 4nne 3 Leax 3.3 3, 14n
6 6 8 5 6

H.H .m P.? P.H .m

1.1 1.0 o9 .6 .9

1.5. 1.1 | 1,5 1.4 .9

!
P <.,05, ** p <,01, #e p <,001
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TABLE 8

Feratios obtained from the analysis of variance within each of the E program comparison
conditions for the Intrinsic Interest and Perceived Utility index s-v scores.

Perceived Utility

Experimental
Program

Ball State

o

UICSM

SMSG

Intrinsic Interest

All
Source of VYVariance d.f. Pupils
Treatment 1 o1
Premeasure 1 67.2%
Treat X Premeasure 1 1
Teacher (t - 1)23.10m0
Treat X Teacher (t -1) .8
Premcas. X Teacher (t - 1) .7
Treat X Premeasure (t - 1) .3

X Teacher
Treatment 1l 0.0
Premeasure 1 5T.5%w*
Treat X Premeasure 1 o5
Teacher (t - 1) 1.8
Treat X Teacher (t - 1) 1.0
Premeas. X Teacher (t - 1) 1.2
Treat X Premeasure (t - 1) 1.4
X Teacher

Treatment 1 .2
Premeasure 1 62,3%nn
Treat X Premeasure 1 .2
Teacher (t -1) 1.8
Treat X Teacher (t - 1) 1.0
Premeas, X Teacher (t - 1) 1.6
Treat X Premeasure (t - 1) 1.2

X Teacher

a

t = number of teachers (i.e.

rairs of class=s) indicated in
the tahle oI m=ans ‘o1 eaci

meazurc.

M F
i
a1 2.7 |
|
40698 6.6%

A 1|
2.4 bl |
Lo .6
1 .9
.5 1.0
5 ko
1.9 1.8 |
0.0 .1 g
250 1.3 |
J 2.2
o v |
1.8 2.1
0.0 0.0
52.7.§l 16.0*l.§
7 Lb
2 a6
1.2 T
2.9% .6 f

* p <,05, ¥ p <, 01, *ew

All
Pupils

2,2+

"
1.2
1.9
1.2

1.9

b, b
19.g%#
1.0
5,20
A
1.6

1.5

3.5
18. huwnn
1.9
3.8§’*
.6
1.5

1.1

M

0.0

F

1.3

Lo, 1%%x 20 148 1D GEN#

0.0 .1

6 1.0
1.0 .9

o1 .8
1.5 1.3
2.6 6.2%
3.2 1, 3%

.1 4.0*
2.4 5, 08

.3 T
1.8 A
1.b 1.0
0.0 0.0
2.3 16, G*%#
1.k .6
1.1 3. hxnn

o1 1.1
1.8 i.3
1.1 2.0

1 <,00)
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TABLE 9
Perceived Utility adjusted mean index scores for pupils in E and C classes.

All pupils 8 peirs E and € classes in each E progran condition.

Treatment E C

Experimental Premeasure
Progran level low high ave, low high ave,
Ball State 4.21 5.21 4,58 5.49

.71 5,0h
UICSM 4,66 5.31 4,26 5.06

4,98 4,66
SMSG 4.13 5.06 4,50 5,17

4,60 4,83
Total 4.33 £.19 4,45 5.2h

k.76 4,84

Males 5 poirs E and T classes

Ball State 4,29  5.58 4,27  5.64

h.9'-l h095
UICSM 4,97 5455 4,73 5.13

5.26 4.93

5.08 5.05
Totel L.75 5.43 4,57 5.38

5009 ,'098

Females 6 pairs E and C classes

Bzlil State 3.78 L,T2 4,12 4,9k

4,25 4.53
UICSM 4,37 4,81 3.23 4,69

L,59 3.96
SMSG 3.75 L,51 3.60 4,71

h013 ""015
Total 3.96 4,63 3.65 L.75
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In general these results indicate that pupils instructed with the Ball State materials
had a tendency to perceive mathematics as having less utility than did pupils in
conventiona. classes taught by the same teachers while pupils instructed with the
UICSM materials perceived mathematics as having greater utility than did the pupils
in the comparison conventional classes. is effect appeared to be stronger for
girls tHan boys. Also for girls, the E-C difference for the UICSM progrem was more
reliable than the E-C difference for the Ball State comparison.

It appears then, that instruction with the Ball State program resulted in a perception
of mathemstics as having less utility for future goels or objectives while instruction
with the UICSM program resulted in a perception of greater utility.

iii. Perceived Knowledge

The adjusted mean Perceived Knowledge index scores for the £ and C class
pupils are shown in Table 10. No significant treatment main effects or treatment
interaction effects were indicated by the analysis of variance when all program
compariscn conditions were considered. The results of this analysis are shown in
Table T.

For the analysis on tkis messure within each E program condition, shown in Table 11, a
reliable treatment difference was incicated for the SMSG comparison when all pupils
and males alone were considered. This effect was a result of the SMSG pupils
obtaining lower perceived knowledge snores at the end of the year than conventional
class pupils. The offect for all pupils combined appears to be due primarily to
differences in this regard for boys rather than girls.

In general the experimental programs do not appear to have any extensive effects on
pupils' Judgments of their knowledge of mathematics as measured by this index. There
was a tendency for boys instructed with the SMSG program to judge their knowledge
somewhat lower than did boys in the conventional comparison classes.

iv. Fase of learning

mable 12 shows the adjusted mean scores obtained by E and C class pupils on
the Ease of Learning (EOL) index. In zach program comparison condition, the means
for pupils in theC classes were in every instance higher than those for pupils in the
vespective B classes.That is, the C class pupils reported greater ease of learning
(i.e., less difficu’ty lear:ing) the s:dvject matter in their mathematics class than
E class pupils. The results of the oversll analysis of variance, shown in Table T,
indieate that the E-C difference over all program comparison conditions is quite
relisble both when all pupils and when zirls alone are considered. The analysis for
boys alcne did not indicate any significant instructional treatment differences
suggesting that the effect observed with the sexes combined is due more to the
differences in this regard for girls than for boys.

The results of an anelysis within esch of the programs for both sees ceparately and
combined are showa in Table 11. Considering all pupils the E-C difference vas
relianle at the .05 evel only for the UICSM program coiperison, while for girls a
hignly reliatle difference was observed for the Bzll State program cormparison. No
treatment differences were observed for boys for any of the comparisons.




Perceived Knowledge <cdjusted mean index scores for pupils in E and C classes.

All pupils 8 pairs E and C classes in each E program condition.

Treatment E c

Experimental Premeasure
Program - Level " low high ave. low high ave.
Ball State 8.09 10,47 8.72 10.k6

9028 9059
UICSM 8.60 10.07 8.26 10,42 '

9.33 9.34
SMSG 7.56 10,12 8.10 10.42

8.84 9,26
Total 8.08 10.22 8.36 10.L43

9.15 9.39

Males 6 pairs E and C classes

Ball State 8.49  10.00 7.98  10.37
9,25 9.18
UICSM 8.47 10.29 8.55 10.52
9.38 9.53
‘ SMSG 7.90 10.69 8.95 11.17
E 9.30 10,06
|
Total 8.29 16.33. : 8.49 10.69
9.31 9.59

Females 6 pairs E and C classes

; Ball State 8,05 10.50 8.80 10.50
: 9.28 9.65
UICSM 8.80 10.62 7.86 10.48
9071 9017
SMSG T. T4 9.89 7.90 10.02
L 8.81 3.96
| Total 8.19 10.34 8.18 10.33

9.26 9.26

s B
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TABLE 11

F-ratios obtained from the enalysis of vari-nece within each of the E program comparisoi
conditions for Perceived Knowledge and Easc of leornins index s=-v scores.

Perceived Knowledge Ease of Learning

Experimental All z All
Progran Source of Variance d.f. Pupils M F i Pupils M F
Treatment 1l 1.0 0.0 1.1 ! 3.1 .9 20. 4%
Premeasure 1 81,0%ae 23, 3ueM 35.0***1 56, THE% 22 Qe 1Lk,0*
Treet X Premeasure 1l .9 e5 1.1 | 1.2 2.5 0.0
Ball State Teacher (t - 1)%.2¢ 1.0 1.1 , 1.b 1.1 .2
Treat X Teacher (t - 1) 1.7 2. L% .6 | .9 1.1 .8
Premeas. X Teacher (t - 1) .9 b 5 i 1.2 1.1 1.7
Treat X Premeasure (t - 1) 2.2% 2.5% 9 E 1.0 R 1.3
X Teacher
Trestment 1 0.0 1 1.9 b, 9% 3" 2,2
Premeasure 1 L4B.geuw 16,5%4# 32.5***% 86,0nn 23 QWwe T] Q¥E
Treat X Premeasure 1 1.7 0.0 1.1 % .2 0.0 5
UICSM Teacher (¢-1) .9 .6 1.8 1.3 5 1.5
Treat X Teacher (t -1) .7 T .8 z oD 1.9 .9
Premeas. X Teacher (t - 1) .b .9 3 1.0 .3 b
Treat X Premeasure (t = 1) .7 1.2 1.2 E n A 2
X Teacher
Treatment 1 3.9% L,0* 6 . L.b A 1.6
Premeasure 1 TO.6%E%  17,9%* h8.1***; 65,288  13,T* 21.5**;
Treat X Premeasure 1 .3 .6 0.0 | .5 0.0 o5 é
SMSG Teacher (6 - 1) 5.1%%  2,3%  5.0% | LBer .5 5,14
Treat X Teacher  (t - 1) .5 3 1.6 - LT U 3.1
Premens. X Teacher (t - 1) 1.9 2.4% 1.0 % 1.8 2.0 1.2 ;
Treat X Premeasure (t - 1) 1.1 .9 1.2, 1.k .5 1.8 |
X Teacher ‘ i
84 = purter ¢i teach-vs (i.e. # . o<,05, ¥ <N, *EOp <,001 %
pairs oo clasces) irdicated in i

+he tabl=2 ol rqan. or e:"h
wassure.
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TABLE 12

Ease of learning adjusted mean index scores for pupils in E and C classes.

All pupils 8 pairs E and C classes in each E progrem condition.

Treatment E C

Experimental Premeasure
Progream Level low high ave, low high ave,
Ball State ‘ 2.57  3.66 2.93 3.7k

3.12 3.3k
UL3SM 2.55  3.Th 2,79 k10

3.1k 3.4k
SMSG 2.49  3.60 2,57 3.86

3.0k 3.21
Total 2.54 3.66 2,76 3.90

3.10 3.33

Males 6 pairs E and C classes
Ball State | 2,26  3.60 2.79  3.47

2.93 3.13
ULCSM 2.70  3.8% 2.9 3.9
ﬁ 3.27 3.6
: SMSG 2.7h  3.82 2.79  3.87
3.28 2,33
Total 2.57 3.76 2.8k4 3.77
3.16 3.30

Females S pairs E end C classes

Ball State 2.63 3.60 3.53 h.52
3.12 .03

| UICSM 2.32  3.92 2.47  14.39
3,12 3,43

* SMSG 2.68  3.75 2,93  14.35
3.21 3.6%

Total 2.54  3.76 2.98  h.l2

3.15 3.70
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In general, slthough the effect was nct very lerge there wes a consistent tendency

for pupils instructed with each of the experimental progrems to report more difficulty
learning rmathematics than pupils in the camparison conventional classes. This
tendency was more evident for girls than boys and most pronounced for girls instructed
with the Ball State program.

b. Rank Position scores

Indices measuring specific attitude and interest dimensions were derived from item
responses in terms of the rank position for mathematics relative tc other subjects.
Since pupils dif{:=red as to both number and actual academic subjects other than
mathematics in which they were earolled, the mathematics ranks were determined with
respect to the combination of academic subjects vhich would permit inclusion of the
largest number of pupils for comparison. Within the sample, among the possibie 3,
L, and 5 subject combinations of mathemetics, English, science, social studies and
foreign language, the largest number of pupils were enrolled in a 3 subject combina-
ticr of mathematics, English and science.

Sco~ss in terms of the rank position cf mathematics relative to English and science
were derived by summing the rank of the response fo~ —ath {1, 2 or 3) to each item
in a given index. Individual scores for each jndex vere then converted to standard
scores having a mean of S0 and a standard deviation of 10.

The determination of mathematics rank pcsition relative to two other specified
subjects did reduce somewhet the number of pupils that could be included in the
analysis, i.e., only those taking English and science in addition to mathematics.
Aithough the overali proportion reduced was relatively small for the r-p scores,

this additional restriction did preclude carrying cut a separate analyses for each
sex when teachers were treated as a separate dimension because of the increesed
difficulty of obtaining sufficient frequencies in the separate cells required for
the analysis. For these scores the sex differences will be examined in connec-
tion with other enalyses of the data.

For the r-p scores in addi*ion to the analysis of variance across all E program
ccmpariscn ccnditions, an analysis within each E treatment condition was alsoc carried
out..

Table 13 shows the unweighted {~31justed) means obtained by E and C class pupils in
the separate instructional treatment conditions on each of the indices for which
renk position scores were determined. The results of the comparisons among these
pmeans considering all of the E programs for each indices are shown in terms of the
F-ratios obteined from each analysis of variance in Table 1k,

i. Intrirnsic Interest

Ho significant treatment main effects nor prog.am by treatment interactionms
were observed for the index measuring Intrinsic Iaterest using r-p scores in the
analysis across all E prcgranm conditions as shown in Teble 12. The higher mean for
the C class pupils in the Ball State ccmparison contributed to a significant treat-
ment effect waen the analysis was made within the separate program conditions shown
in Table 15.




. TABLE 13

Adjusted means for E and C class pupils on indices using rank-position scores.

E C
Premeasure Level low high ave, low high ave,
Index E program
Intrinsic BSP 44 4 49.7 47.1 u6.3 52.8 49.5
Interest
UICSM 47.6 53.4 50.5 46.8 52,2 k9.5
SMSG 46.2 55.0 50.6 k7.0 55.T 51.3
TOTAL b6.1 52.9 9.4 ; 50.5 53.5 50.1
Perceived BSP 45.6 50.4 48.0 48.1 52.4 50.2
Utility
UICSM k8.2 54,0 51.1 uk.3 53.4 48.8
SMSG 5.7 53.0 9.3 : k8.9 56.9 52.9
TOTAL k6.5 52.5 k9.5 7.1 sk,.3 50.7
Knowledge
UICSM L8. 4 51.6 50.0 45.3 93.9 49.6
SMSG 4y,2 53.1 48.7 45.5 52,9 k9.2
TOTAL 45,4 52.5 48.9 k6.1 53.8 50.0
Ease of BSP u3.7 51.5 47.6 48.9 5h,T 51.8
Learning
UICSM 45.7 52.3 k9.0 hs,s 55.1 50.3

MAL le.2 5105 h708 l %08 5h06 5007
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TABLE 14

F-ratios from the analysis of variance over all E program comparison conditions for
each attitude index r-p score.

Intrinsic Ease of Perceived
Scales Tnterest Utility learning Knowledge
d.f.
Progranm 2 2.0 2.8 0.0 oA
Treatment 1 1.5 2.0 11,5%% 3.0
Premeasure 1l 92,0 "% 125, Tene 99, hnun 79,28%%
Progrem X Treat 2 2.6 4 5% 1.0 . 2.8
Program X Premeasure 2 2,1 2.9 6 .8
.Tr=zat X Premeasure 1 0.0 1.0 2 o2
Progran X Treat 2 o2 9 .8 3.3
X Premeasure
Teacher 3(t - 1) 3,288 1.5 3.,0%8 1.9% N
e e T T T e 1 B
Teacher X Premeasure 3(t - 1) 1.3 .8 1.6¢ 1.9*%
Teacher X Treat 3(t - 1) .9 2.0%% 2,5%% 9
Teacher X Treat 3(t - 1) 9 .8 1.3 1.2
X Premeasure
1 & p <05

** p <01

#8% p <, 001
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. TABLE 15
F-ratios from the analysis of variance of each attitude index r-p score for each E
program comparison condition.
Intrinsic Perceived Perceived Ease of
Program ‘Source of Variance d.f. Interest  Knowledge .. Utility .. Learning.
Treatment 1 5.0% 8.2%# 2.0 8.0*
Premeasure 1 27.9% e 59, Luus 19 huen 18, 9%%
Teacher (t - 1)® 1.5 1.3 1.0 4.3
Ball State Treat X Premeasure 1 3 o .1 .9
| Trest X Teacher (t - 1) 1.0 .8 2.1 2.1
E Premeasure X Teacher 1.0 .6 .5 2,1
' Treat X Premeasure(t - .8 2.1 .5 .6
- XTescher  (t-1) . -
Treatment 1 .8 .1 4,5% 1.0
| Premeasure 1 26,6 26.1 148, 5%ne 52,0%%%
Teacher (t -1) 1.6 1.1 1.5 1.0
UICSM Treat X Premeasure 1 0.0 5.8% 2.h 1.1
: Treat X Teacher (t - 1) .U .5 .9 1.k
Premeasure X Teacher .6 1.0 | 1.2
; Treat X P::'em.eza.sure(t - 1.0 1.0 N 1.6
| X Teacher (t - 1)
| T A OO
Premeasure 1 31,2888 15. 8%+ 67.1 29, 3%
Teacher (t - 1) T.1%n# L, Onen 2.0 8. 3%
SMSG Treat X Premecasure 1 0.0 N § .1 .1l
Treat X Teacher (t - 1) 1.3 1.7 3. 1% 6. 0Rx#
Premeasure X Teacher 2.4# };, TERS 1.3 2.3%
Treat X Premseasure(t -y .9 ol 1.4 1.k
X Teacher (t - 1)
8 = pumber of teachers (i.e. # p <.05, % p <01, #*® p <,0C1

pairs of classes) indicated
jr the tatie of meens for
cach measure.

FR

ERIC

Aruitoxt provided by Eic:
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ii. Perceived Utility

e e et D e i am s AL et

For the index of Perceived Utility, the overall instructional treatment
differences were not relieble, however, & significant program by treatment inter-
action was obtained. As can be scen in Table 13, this resulted from the E class
pupils instructed with the Ball State and SMSG programs having lower scores than
those in the C classes with which they were compared while the UICSM pupils had a
higher mean score than those in their comparison classes. The reliability of the
E-C differences for the separate program comparison conditions were exanined further
with the three factor (instructional treatment by premeasure by teacher) analysis of
variance design. The results of these analysis, vhich are shown in Teble 15, indicate
that only for the UICSM program was the treatment effect significant. It appears
that among the E programs, only the pupils instructed with the UICSM materials
exhibited a greater tendency than those jnstructed with the conventional materials
to develop & perception of mathematics as having relatively more utility than other
subjects.

iiji. Perceived Knowledge

Some variation in the direction of the E-C ditferences for the separate
experimental prcgrams can be seen in Table 13 for the index of Perceived Knowledge.
Although neither the treatment ma’ .: effects nor the program by treatment interactions
reeched the .05 level of significance in the analysis considering all program com-
parison conditions shown in Table 1k, they were all just beyond the .05 level, i.e.
P < .10.

The results of the analysis for the separate E programs are shown in Table 15. Two
significant treatment effects were observed. Pupils instructed with the Ball State
program had reliably lower perceived knowledge scores than those in the compariscn
C classes. For the UICSM program a significant treatment by premeasure interaction
was obtained. This resulted from the fact that among pupils at the lower level on _
the premeasure thcse in the UICSM classes had the higher mean while among pupils at i
the higher level on the premeasure, those in the C classes had a higher mean at the
end of the year. A further test to determine if the mean differences within each 1
premeasure level differed from zero showed that neither of these differences was
highly reliable. For the lover premeasure level, E> C, F = 3.8, .05 <p < .10 and
for the higher premeasure level, C > E, F = 2.1, .10 < p < .25. Nonetheless, the i
interaction indicates that there was a greater relative gain in perceived knowledge ’
for UICSM instructed pupils who initially perceived their knowledge as relatively
low than for those who had initially perceived their knowledge as relatively high.

These results in general indicate that at the end of the year pupils in the Ball
State program tended more than those in the conventional program to perceive their
knowledge of mathematics as being lower relative to their knowledge in other subjects.

However, for purils in the UICSM program, these that had lower perceived knowledge
at the beginning of the year developed a perception of relatively greater knowledge
in mathematics than did similar pupils in the C classes.
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jv. Ease of Learning

The analysis across all E program comparison conditions (Teble 1) showed
a highly reliable treatment difference with pupils in the C classes having a higher
mean score as shown in Table 13. This indicates that over all program comparison
conditions, C class pupils reported greater learning ease for mathematics relative
to other subjects than did pupils in the E classes. Considering the sepexrate pro-
grems, the E-C difference for the Ball State comparison was largest while that for
the UICSM comparison was smallest. The analysis within each E program condition,
shown in Table 15, revealed that the difference for the Ball State program was quite
reliable, wvhile the differences for the other program comparisons did not reach the
.05 level of significance.

Reviewing the results obtained from the analysis concerned with the effects of the
experimental programs on the several dimensions of pupil attitude toward mathematics,
it appears that they were quite similar for the two types of scores used. For both
the r-p and a-v response Scores, a consistently lower ease of learning score was
obtained for pupils instructed with each of the E programs, an effect which was

rmost pronounced for the Ball State program. For the index of intrinsic interest
when the r-p scores were used the results jndicated a reliable tendency for the Ball
State pupils to have lower intrinmsic interest scores than did the conventional class
pupils. A similar but nonreliable trend was observed for the a-v scores obtained
from this scale. No relieble E-C differences were obtained for either score on this
scale for the UICSM and SMSG program comparisons.

On the index of perceived utility, when either r-p or a-v scores were used, the
direction of the E-C difference varied significantly between the UICSM program and
the Ball State program. Both scores for UICSM instructed pupils were reliably
higher than those for pupils in the comparison conventional classes. However, only
for the a-v score was the differer :e which favored the C claesses in the Ball State
comparison statistically reliable.

On the index of perceived Imowledge there was some variation in significant differ-
ences indicated depending on whether the r-p or a-v scores were ugsed. For the a-v
scores a treatment difference was observed only when the sexes were considered
separately. The SMSG instructed boys hed reliably lower a-v scores than those in
the C classes. This was the only iastructional treatment difference observed on
these messures for the SMSG program comparison. When r-p scores were used, pupils
in the Ball State progream had lower scores than their C class counterparts. Also
UICSM pupils having lower premeasure scores showed a higher perceived knowledge score
at the end of the year than did similar C class pupils in contrast to the E-C

difference for those having higher premeasure scores which favored the C class pupils.

It should be noted, however, that most of these differences are not very large, in
most instances accounting for a considerably smaller proportion of the variance than
is accounted for by the premeasure of each of the variables.
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Considering the results of the analyses to determine the direct effects of the
experimental programs on indices of both general and specific attitudes and interests
in mathematics, several more general observations seem warrented. (1) The experi-
mental progrems appear to have a relatively small effect, either positive or negative,
on the attitudes and interests pupils develop in the ninth grade at least as indicated
by the most direct indices of these attitudes used in this study. (2) The Ball

State program appeared to have a more negative than positive effect on the attitudes
pupils develop tovard mathematics than did comparison conventional programs of
instruction. This effect was most evident for the index of perceived knowledge.

(3) The UICSM program wes the only experimental program for which pupils exhibited

a tendency to develop more positive attitudes toward mathemstics than pup2ls in the
comparison convertional classes and even for thie program, these effects were quite
1imited. The lergest effect for the UICSM program was on the perceived utility

index. (4) For all experimentel progrems, there was & consistent tendency for pupils
instructed with the experimental meterials to experience more learning difficulty
than was reported by pupils in the conventiocaal classes.

B. Sggcific Instructional Factors Contribution to the Experimental - Conventional

Program Differences.

The above analysis has been concerned primerily with the overall effects of the diff-
erent experimental programs or materials as indicated by comparative changes in pupil's
attitudes toward mathematics over the year. Some differences in the resvltant atti-
tudes toward mathematics were observed, These differential outcomes were however neces-
sarily determined or mediated by —y of a number of more specific factors or condi-
tions which must have differed ar-1g the alternate treatment conditions. Among these
possitle factors there were those that represented the distinctive characteristics or
qualities of the different instructional materials as well as less relevant concom-
mitant factors that may have had only jneidental but nonetheless svstematic relations
with the program differences. The next question to be examined then. concerns the
factors or conditions in ihe jastructional situstion which might have contributed to
the differsnces obtained.

With respect to this question, there were two main sets of factors or conditions thet
required consideration. Since they directly reflect or represent the major instruc-
tional difference, qualities or characteristics associated with the instructional
materials themselves are the most obvious and likely source of anv observed E-C atti-
tude differences. However since other factors could also be jnvolved such effects
need to be demonstrated in terms of direet pupil reactions to qualities of the mater-
jals. A second set of factors are those associated with or directly affected by the
teacher es such. Grading practices, jnstructional approach or methods, effort demends
such as homework, expressed attitudes towerd the materials, all sre conditions which
may have varied in a systematic way between the E-C classes and thereby contributed

to the observed differences.

Because they involve factors most directly related to the major focus of the study
pupil judgments or reactions to their jnstructional maeteriels will be considered first
in some detail. The teacher connected factors will be discussed in more detail

bhelow.
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There were two questions to be considered with respect to pupil judgments concerning
the instructional materiels (1) whether the judgments veried for pupils in the E and
C clesses and (2) whether such judgment differences might have contrivuted to or
could account for any of the more general attitude differences observed between E
and C class pupils.

Pupil judgments were obtained concerning the degree of difficulty using and under-
standing the textbooks with which they had previously been instructed.

Textbook difficulty

Judgments of textbook difficulty were of interest not only for the general reasons
indicated atove but also because the most distinctive E-C difference was obtained
for o more general index of ease of learning which presumably reflected all sources
of learning difficulty including thet sgsociated with the textbook as such.

With respect to the latter jndex there is, then, the more specific question of
whether the tendency to perceive more difficulty in general on the part of the E
class pupils was a result of factors associated with the jnstructionel materials or
the teacher or both. Judgments concerning text aifficulty would be considered a
possible factor in this effect for both empirical as well as loglical reasans since
the single item index of textbook (li.fi’:iculty6 was one of the items comprising the
more general Ease of Leaining (EOL) index.

The E-C differences in judgment of textbook difficulty were examined using the rank
position response given by pupils to this item for mathematics relative to English
and science. The greater the rank position value, i.e. 3, the relatively greater
the aifficulty. To make an eppropriate comparison, jt was necessary to take into
account the pupils initial (beginning of year) judgment of learning ease or diffi-
culty for mathematics materials to ensure that any obtained differences reflected
the pupils experience during the year rather than his previous experience with math-
ematics materials. Since no textboock difficulty judgment was obtained at the begin-
ning of the year the rank position score on the premeasure of the EOL index was

used for this purpose. Comparisons were made within each E program comparison con=-
dition for pupils above and below the EOL premeasure medien for each of the sexes
separately. The math rank position frequencies are shown in Table 16.

It can be seen that pupils instructed with the Ball State and SMSG programs indi-
cated rmch more frequently than pupils instructed with the respective conventional
programs that their meth textbooks were more di fficult than their English or science
textbooks. For the UICSM comparison the difference was not quite so evident.

To determine if the E-C frequency differences were statistically reliable in one or
the other direction, a x2 test w-s used with tne 1st and 2nd rank position frequencies
combined.” To obtein et the sar: time an indication of the relative magnitude of

i the affects associated with initzal or expected ease of learning (pre EOL) and with
pupil sex as well as with the instructional treatment, a procedure outlined by
Castellan ( 12) was followed which permitted deterninetion of the relative contri-
pution to an overall x? of each of these factors. 3

F 6mnis item read, "how easy or difficult did you find it to understend the textbooks
used in each of the subjects you have been taking?"

TThe two adjacent rank position categories could be combined and not alter the in- ]
terpretation because the categories had an ordered reletionship. Reducing to two




TABLE 16

mext difficulty renk position frequencies
Ball State UICSM SMSG

t.d. Pre EOL E ¢ E ¢ E ¢
Sex rank Level low high total low high total | low high total 1low high total, low high total low high total j

1 0 10 10 5 20 25 L 15 19 5 13 18 ; 1 6 T 5 21 26

M 2 2 12 1k 8 21 35 7 11 18 6 16 22 : 5 9 iy b 17 31
b w

3 29 22 s1 24 18 w2 {19 20 39 18 15 33 : 27 W 68 21 20 b1

31 kb % 31 65 102

30 U6 76 29 Lk 73 : 33 56 89 L0 58 98

N
L %))
-3

=36

,
1 S 9 5 12 1T W o T 7 6 6 12 10 17 27
F 2 6 8 24 16 18 3 T 9 16 12 12 24| 6 8 1 1 1T 31
3 ¥ 24 T3 22 9 30 wwo 11 M 33 8 ko 62 23 gs 26 9 35
60 37 106 k2 39 81 3T 27 64 51 26 17 W 70 36 106 S50 43 o
,
1 b pm 19 10 32 ki 2 26 1 19 30 W 3 11 1 15 38 53
a1 2 8 20 38 24 4 69 (1 20 3k 18 28 L6 11 17 28 28 3 62
Pupils ;
3 78 4 124 W5 27 T2 jk 31 & 51 23 74 | 89 64 153 4T 29 76
100 8 181 179 1ok 183 |67 73 1o B0 70 150 103 92 195 90 101 191




The frequencies for and results of this analyses are shown in Table 17.

For both the Rall State and SMSG 1 ~ograms the E~C comparisons within each sex by

pre EOL category show 2 reliable (p < .05) difference in frequency (the value for
x2abc) with a greater proportion of E class pupils in each instance ranking their
math text as more difficult. For the UICSM program ncne of the within category

2's (x2abc) are relisble at the .05 level although there is a tendency for E class
pupils to more frequently rank their math texts lower (i.e. as more aifrficult). WNo
reliable sex differences (x%ab with p < 05) in text difficulty judgments appeared
for any of the programs, however for the Bsll State comparison among pupils expact-
ing more learning difticulty (low EOL) there was a greater tendency for boys to
indicate more text difficulty than girls. With respect to levels of injitial or
expected learning ease (pre EOL) reliable differences {x2a) were observed for all
programs. These differences indicate that pupils expecting more learning difficulty
in general for math (1ow EOL) more frequently reported greater text difficulty then
those in the high FOL category which was a reflection of initial pupil characteristics
affecting both indices, as would be expected. ®

It is quite evident that the Ball State and SMSG instructed pupils' assessment of
their materials as being relatively more difficult was reliably different from that
of the conventionel class pupils with whom they were compered. For the UICSM pupils
there were nc real differences in this regard although there also was no tendency
for the UICSM pupils to judge their materials as less difficult.

The next question to consider is whether the E-C differences observed for the EOL
index were mainly a result of the textbook difficulty Judgments or whether there
were other factors in the instructional situation contributing to & perception of
grea‘er learning difficulty in general for pupils in the E classes.

To examine the differences between E end C classes with respect to ease of learning
with adjustments for differences in judgments or perceptions of textbook difficulty,
EOL meens were compared within te tbook judgment levels or categories using analysis
of variance. A variation of the «nelysis design used to test the instructional
treatment effects for the various attitude indices presented above was followed.

For this eanalysis, two additional dimensions were jncluded, sex and text difficulty
with pupils pooled across teachers within each program condition. Oince the E-C
differences for text difficulty judgments varied among the different E programs,

the enalysis was mede within each E program comparison condition. An unweighted
meens solution was again used. The adjusted EOL means obtained when sex end the
text difficulty judgments were considered are shown in Teble 189,

regponse categories permitted an unambiguous interpretation of the direction of the
significant difference between E and C classes.

8pecause of the procedures used to compute the x2 valucs. the differences associated
with pre EOL indicated by x%a were independent of the sex and text difficulty

affects.

9%%ith one exception, a difficult to interpret third order interaction, there were
no reliable first or hizher order sex by trcatment interactions. Since these were
the only sex effects of concern, the tebles show the adjusted means for the sexes
combined, i.e. averaged over both sexes. )




Text difficulty rank frequency comparisons hetween E and C conditions considering :
sex and pre EOL level.

Ball State
t.d. rank
Low 1,2
Pre EOL 3
(8-1)
High 1,2
Pre EOL 3
(a2)
UICSM

Low 1,2
Pre EOL 3
(e,)
High 1,2
Pre EOL 3
(22)
SMSG
Low 1,2
Pre EOL 3
(a1)
High 1,2
Pre EOL 3
(a2)

* p <,05

#% p <, 01

##% 1 <.001

. Ty
TABLE 17

Male (b,)

E(cy) C(ez), Tot

2 13 ¢ 15
29 24 . 53
o R
31 37 . 68

X2 obe = 6.5%
22 L7 . 6y
22 18 | bk

.-

W 65 | 109
X2abe = 4, %

12 1T . 2
19 '8 37
0 29 | 59
Xzabc = 0,0
26 29 y 99
20 15 35
w6 u | 90
X abe = 5
6 19 . 25
21 21 § 18
33 & ' 13
xzabc = 5,T*
15 38 | 53
w2 | 6
s6 58 | 11h

xzabc = 15, 7kes

Fenale (bz)
E(c;) c(cp ), Tot
20 21 4l
k9 21 70
69 2 ! 1

X2abe = b, 1*
13 30 b3
2k 9 , 33
31 39 ' 16

xzabc = 11,048

62 26 88
70 50 | 120
x2abc = 18, 1%##
13 3h 47
23 9 ‘ 32
36 B | 70

e naaki

Toteal

56
123
119 3

x’ab = 3.7
112

73

185
x2ab = .6

X2e = 5.9%*

Gk sl

W7
100
147
X2eb = .S
89
54
143
X2eb = 0.0
o = 25,50

o7

136

193
x2ab = .9

100

93

193
x2ab = 2.7 ‘
x2e = 18,9%%x ]

x2abe = E - C comparison within s€x x pre EOL categories

Xzab

Xza

i

(4]

Male - female comparison.within pre EOL lcvels

Pre EOL level compariscns
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TABLE 18

Ease of Learning jndex mean r-p scores adjusted for sex and text difficulty judgments.

Text E C
Difficulty

Ball State Rank low high ave. | low high ave.
2,3 v.7 b6 kT | k2T 45.8 Lh.2
1 52.8 60.1 56,5 | Sk.T 59.0 56.9
ave. 46.5 52.4 49.5 48.7 52.k4 50.5

UICSM - - R el —

- 2,3 .6 45.6 436 ! woa ¥k ML
ave. 8.6 52.6 506 | w1 sLT  bo.b

SHSG . o el 0.0 et .0 7
2,3 41.9 47,1 44,5 ! 4.6 15,0 k3.3
1 50.2 614  55.8 i 52.3 58,0 55.1

]

ave. 46.1 54,2 50.1 U46.9 51.5 9.2

Intrinsic Interest index mean r-p scores adjusted for sex and text difficulty
Judgrents.

Ball State
2.3 43.1 46.9 45.0 ; 11.8 47.9 L4.8
1 52,4 55.2 53.8 | 50.2 57.0 53.5
ave. W1 510 k9. | 46.0 52.4 49.2

— wve., o o0 A S
2,3 45,1 48.6 u6.8 i 43.7 46.6 45,2
1 5¢ 5 58.9 54,7 ¢+ 51.5 57,0 54,3
ave. 48.8  53.7  50.8 | U7T.6 51.8 49.7

_— B -0 93.7 I CUTRE o At

2,3 45.6  53.0 k9.3 bh.O 52.5 48,2
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The analysis of variance results are showmn in T Vle 19.

Inspection of <he adjusted means in Table 18 compared to those in Table 13 shous
that the E-C differences that hsd been observed on the ECL index were either reduced
(Ball State) or tended to favor the E programs (UICSM end SMSG), when sex and text
dii;ficulty judgments - re taken into account. The analysis across all programs for
which a significant treatment difference (F = 11.5, p < .01) favoring the C class
gupils had been ~hgerved when text difficulty wes not considered, showed a nonsign-
ificast difference (F=.5) favo. ng the E class pupils vhen the text factor was
cons dered.'® The analysis within each program comparison condition shows none of
the overall E-C differences to be significant whereas for the Ball State program
without considering the text judgment a reliable difference (P = 8.0, p < +05)
favoring the C class pupils had been obteined on the EOL index. Also wvhen text
difficulty and sex were considered for tne SMSG program comparison, a reliable treat-
ment by premeasure interaction was indicated. An additional analysis comparing the
SMSG E-C treatment conditions separately for pupils in high and low premeasure cat-
egories indicated that among those anticipating relativ:ly less difficulty learning
(hign pre EOL), E class pupils. obtained reliably higher post EOL scores (F = 3.9,

p <..0%; than C class pupils. . For those in the low pre EOL category the reans were
in the opposite direction (C>E) but were not reliably differsnt (F = .56). A similar
difference had not been obeerved for this progrem previously. The extent to vhich
scores on the ZCL indices are associated with or determined by the degree of text-
book difficulty is indicated by the large and highly significent ¥ - ratios obtained
for the latter factor.

It is evident that the instructional program differences on the EOL index between
pupils inetructed with toe E and C programs were mainly affected by if not a result
of dyfferences in the difficulty of the textbook used for imstruction.

Instructional treatment comparisons with adjustments for differences in textbook
difficulty responses and pupil sex were aiso made for the other attitude indices.
Analysis prccedures similar to those for the EOL scale were used to make E-C com-
parisons for the Instrinmsic Interest, Perceived Utility and Perceived Knowledge T-P
index scores. The adjusted means for each of these comparisons are ghown respect-
jvely in Tebles 18 and 20, and the analysis of variance results in Tedble 19.

For the index of intrimsic interest when text difficulty was cousidered, no reliable
(p < .05) E-C treatment differenc>s were indicated for any of the E programs. How-
ever for each of the E programs t.= adjusted means for the E class pupils were
larger than those for pupils in tue C classes. In contrast, when not adjusted for
text difficulty, both the SMSG and Ball State program pupils obtained lower means
than their respective C class pupils, the Balil State difference being reliable at
the .05 level (F = 5.0). It appears that taking the text aifficulty differences
jntov account does alter somevhat the E-C difference for the Ball State progra.

I¢ is also evident that there is a high degree of association between text diffi-
culty judgments and end of year jntrinsic inlerest scores. With respect to sex
differ<nces, for all program comparison conditions, boys cbtained higher intrinsi:
interest scores than girls, a difference which wvas relieble at the .05 level only

for the SMSG program.

107he results of the analysis over all E progran compe: ison col.d1v1ons are not shown,

cnly those for the anzlyses wituin each F program condition.

P SRS I T e
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TABLE 19

F-ratios from en enalysis of variance of each attitude index r-p score considering pupil sex and textbook difficulty
Judgment.
Ease of Intrinsic Perceived Percelived
Learning ! Interest Knowledge Utility
Source of Variance B.S. UICSM SMSG | B.S. UICSM SMSG B.S. UVICSM SMSG , B.S8. UICSM SMSG

)

Treatment 1.1 1.9 1.1 " 0.0 1.2 2.0 3.3 8. e 5.2% 9 5.2% 1

Text aifficulty 198,0##4293, gaun Hmw.mttw 82.unen 79 gRne ww.rsar T5.1%%8140, Eune 44.waar 32. 48R 15 Quen 2] Quw

~

- B e

Premeasure 24,2888 05,THE% LG, 5eR 25,7HRE 20,648  L1,24%8 S1 LAE T_THN 3L SHRE 1L GHe 28,0ee T80k
Sex 0.0 .3 0.0 | 1.9 .8 6.6* | 5 0.0 Ao Lo6.0%  B.awe  12.6wee
T X t.a. A4 6 1] 0.0 .k 2 | .8 .3 3w 1 3.6
T X Prem 1.1 .1 3.9% | 2.6 .8 .2 .2 o7 .wm 1.0 .6 2
TXS . 1.1 .2 1.4 0.0 .3 a1 20 9 1 .8 1.0 3.2
t.d. X Prem L4 oT 5.3% 0.0 4,0 3 .2 2.8 1.4 | 3.0 3 NG
t.a. X8 £ 2.6 .3 0.0 2.0 3.1 ' L5 0.0 .ww .1 1 2.7
Prem X S .5 0.0 1.6 | 1.7 2.2 0.0 ! 2.6 2.0 2 M .1 .3 .1
T X t.d. XP b 3" 1.1 .2 b .8 . 2.6 2.0 1 4 .1 0.0 1
TXt.d. X8 1 3.6 b 0.0 1.k 1.6 wob 1.7 .qmm 1 5 5
TXPXS 1.0 0.0 1.0 , 0.0 0.0 2 | .2 3.0 6 . 2.3 LT T
t.d. XP X 8 1.5 .2 5.0% .3 0.0 .8 | .8 .9 0.0 | 3.9* .1 .5
TXtd. XPX8 L6 2 A | 3.2 3T o4 Wub .3 2 | 1.3 . 1.7

* p<,05, ** p <,01, " p <,001
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TABLE 20
Perceived Utility index mean r-p scores adjusted for sex and text difficulty
Judgments.
Text E i C
Difficulty !
Ball State Rank low high ave. . low high ave.
2.3 MOa h?os h6.1 % h7.h haoa wol
1 K.k 56,2 52.8 | 50.5 5.7  52.6
ave, 4T.1 51.8 49.5 i 49.0 51.8 50. 4
UICSM Lol -~ . - - - . . 4. . e e e o ea = e - .
2,3 47.5 51.8 49.6 ; 43.2 49.3 46.2
1 50.2 55.7 52.9 47.9 54.9 51.h4
a:'i'e:‘_ . IIB‘.B - 5308 5103 1 h505 B _5.2"].' _._’!8'8
SMSG e T
t 2,3 by, 2 53.3 48.7 45.6 56.v 50.8
1 51.k 58.6 55.0 ° 49.7 57.1 53.4 ‘
ave. 47.8 55.9 51.9 . U7.6 56.5 52.1

Perceived Knowledge index meamn r-p scores adjusted for sex and text difficulty

judgnents.
Ball State
| . 2,3 ¥2.6 8.1  bs.u 0 Wk 50.2 46.3
1 48.3 57.7 53.0 53.0 58.4 55.7
ave. 45.5 52.9 49.2 4T1.7 54.3 _ 51.0
UICSM — = R e & - =T
2’3 hhos h6.2 ,1.503 ,'.'1.6 h202 hlog
1 55.h 57.6 56.5 56.9 57.5 54,2
ave. 50.0 51.9 50,9 : W62 9.8  48.0
. - - = = - — —— v A——— W e g e ——— —— - 4!--— — e -
2,3 1.9 50.0 46.0 ‘ 41.0 1.5 Ly, 2
1 s3.2  58.3  55.8 . 50.5 55.1 52.8

t
]

ave. ,'.'706 5"02 5009 . hSOT 5103 ha.s
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For the Perceived Knowledge index scores, adjustments for differences in textbook
difficulty judgments and sex altered the nature of the differences previously
observed for each of the E program comparison conditions. When textbook difficulty
judgments were considered, the adjusted means for the E class pupils were reliably
greater than those of the C class pupils for both the vIcsM (p < .01) and SMSG

(p < .05) comperisons. Also when text difficulty was considered for the Ball State
comparison, the differences favoring C class pupils were nonsignificant. The latter
difference had been significent (C > E, F = 8.2, p < .05) in the earlier analysis
shown in Teble 15 which did not consider text difficulty while the earlier difference
for the SMSG program (C > E) had not been reliable. The previous analysis for the
UICSM progrem had not indicated a reliable overall E-C difference but had indicated
a significant treatment by premeasure interaction with E > C for those having lower
initial perceived knowledge scores and C > E for those with higher initial scores.

These results indicate that when adjustments are made for differences in text diffi-
culty judgments, pupils instructed with the UICSM and SMSG programs tended to per-
ceive their knowledge of math to be greater relative to other subjects than did
pupils in the respective comparison classes. Similar comparisons for those instru-
ted with the Ball State program showed no reliable differences in this regard. Here
agein no reliable sex djfferences were obgerved.

There was no real chenge in the instructional treatment differences obtained for

the Perceived Utility scores when pupil sex and text difficulty factors were con-
sidered. As observed previously, the UICSM pupils obtained reliably higher scores
then their comperison C class pupils while there were no reliable differences for
pupils in the Ball State or SMSG programs. This analysis did indicate consistently
reliable sex differences across all programs (E end c) with boys tending to sce
mathematics as having higher utility for future goals than girls. Although textbook
difficulty did not apparently differentially affect the Perceived Utility scores of
pupils in E and C classes being compared, it is evident from the analysis of variance
results that the Perceived Utility scores were related to this judgment about the
instructional materials.

The results obtained with adjustments for text difficulty and sex differences were
also examined for a measure of general interest in mathematics, the Aiken Interest
scale. The adjusted mesns fc each of the E program comparison conditions are shown
in Table 21 end the analysis of variance results in Table 22. The means and results
of this analysis could be cormpared to those presented in Tables 2 and 3.

For the Ball State and SMSG programs there is a tendency for the E class means for
both sexes to increase relative to the respective C class means when the additional
factors were considered. These changes were not large enough however to yield re-
liable overall treatment differences. For the Ball State comparison a significant
treatrent by initial interest by text difficulty interaction was indicated. The
best characterization of this interaction would seerm to be that the degree of text
difficulty mede a bigger difference lor those with higher initial interest in the E
classes and for those with lower initial interest in the C classes then for those
with lower initial interest in the E cnd higher initial interest in the C classes,

For the SMSG comparison, a significant sex vy treetment by initial interest inter-

sction was indiceted which sppareatly resulted from a higher correspondence vetween
jnitial and post interest for E class girls and C class boys than for E class boys

end C class girls.
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TABLE 21

Aiken Interest scale means considering sex eand text difficulty for each E program
comparison condition.

Premeasure E ¢
Ball State Level lovw med high ave lovw med high ave
Sex Text
Difficulty
Rank
M 3 2.80 3.27 3.72 3.26 ; 2.52 3.02 3.73 3.09
1,2 2.88 3.65 4.21 3.57T ' 3.12 3.62 4.05 3.60
ave 5.8% 3.45  3.96 3.42 2.82 3.32  3.89 3.34
F 3 2.55 3.18 3.31 3.01 % 2.39 3.2k 3.91 3.18
1,2 3.06 3.6 L.43 3.65 ! 227 3.3 .16 3.72
ave 2.1 3.3 3.87 3.3 2.83 3.9 b.ob  3.b5
']
A1l 3 5.68 3.23  3.52 3.4 | 2.46 3.23 3.82 3.1k
1,2 2.96 3.55 4.32 3.61 3.20 3.68 h.11 3.66
ave z.82 3.39 3.92 3.37 ., 2.83 3.40 3.96 3.40
UICSM
M 3 2.68 2,90 3.13 2.90 1 2.7T7 3.18 3.57 3.17
1,2 2,86 3.67 k.31 3.62 | 3.29 3.66 k.09 3.58
ave 2.78 3.29 3.72 3.26 3.03 3.42 3.83 3.43
F 3 2.62 3.h2 3.7h 3.26 2.32 3.h7 3.57 3.12
1,2 2.90 3.71 4,34 3.65 2.61 3.52 4.15 3.43
ave 2.76 3.57 h.ob 3.6 | 2.47  3.50 3.86 3.27
A1l 3 2.65 3.16  3.hb 3.08 ; 2.55 3.33  3.57 3.15
1,2 2.89 3.A9 k.33 3.6 | 2.95 3.59 k.12 3.55
ave 2.71 3.43 3.88 3.36 ‘ é.75 3.L46 3.85 3.35
. SMSG
= M 3 2.57 2.96  3.9b 3.15 | 2.57  3.07 3.78 3.1k
1,2 3.33 k.00 4.28 3.87 2.7Th 3.67 4.30 3.57
ave 2.95 3.48 k.11 3.51 i 2.66 3.37  h.ob 3.36
F 3 2.32 3.23 4.26 3.27 ‘ 2.43 3.28 3.50 3.07
1,2 2.70 3.80 4.26 3.59 3.15 3.76 3.98 3.63
ave 2.51 3.52 4.27 3.43 2.79 3.52 3.7Th4 3.35
Al 3 2.45 3.10 k.10 3.21 2.50 3.18 3.6k 3.10.
1,2 3.C2 3.90 4.28 3.73 | 2.95 3.72 4.1b 3.60
ave 2732 3.50 k.19 347 5 272 3.5 3.89 3.35
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. TABLE 22

F-ratios from an analysis of varisnce of Alken scale scores considering pupil sex
and text book difficulty.

Source of Varistion® B.S. UICSM SMSG
Treatment .08 .0l 2.57
Text difficulty 37.1Lu%ee 35,23%%% 46, 56"
Premeasure 62.63%8% 63.10%#* 10k, 13%%%
Sex .02 .06 .36

T X t.d. .09 .8l .02

T X Prem .02 .07 1.L45
TXS 1.36 L.62% .27
t.d. X Prem .16 2.33 1.7
t.d. X8 1.19 2.70 .86
Prem X S .02 3.72% .95
TXt.d XP 3.27* .95 1.143
TXt.d XS .87 17 3.18
TXPXS 21 1 3.95%
t.d. XP XS .13 145 .57
mXt.d XPXS 10 Tl 46

8por each source of variation there was L < <.05, »* p <.0l, #xs p <, 001
1 degree ol freedom.
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For the UICSM comparison, the E-C differences over all pupils vere not altered when
sex and text difficulty factors ore considered. However, with the adjustment for
text difficulty a significant sex by trestment interaction eppeared. The Aiken
scale mean was greater for girls instructed with the UICSM program then for girls
instructed with the conventional program while for boys, those instructed with the
conventional program had the higher mean. An analysis of varience for each of the
sexes seperately indicated however that neither of these differences wae very reli-
able, F= 2.3, .10 < p < .25 in each instance. In the previous analysis a reliable
E-C difference was found only for girls having lower jnitial interests. The latter
difference was not found in the analyses for UICSM girls when text difficulty Judg-
ments were considered which suggests that the adjustment for ths latter factor work-
ed in this instance in favor of the C class pupils. The analysis for the UICSM pro-
gran also shows a relieble sex by premeasure interaction which indicates that for
girls initial interest was related more highly to post interest then for boys. This
fact is also reflected in the higher F-ratio shown for girls corpared to boys for
the analysis in Table 3.

No clear trends for the E-C differences were revealed on the Aiken scale for the
Ball State or SMSG programs when text difficulty judgments and sex were taken into
account. However, for the UICSM program, & definite sex by treatment interaction
was obtained. Girls in the E classes developed higher interests than those in the
C classes while for boys those in the C classes developed the higher jnterests.

For none of the programs were sex differences indicated on this measure of interest
in mathematics. The text difficulty factor did show a consistently reliable effect
on Aiken scale scores for pupils in all instructional progrems.

When the E-C comparisons were made considering pupil sex and judgments about text-
book difficulty, somewhat different instructional treatment difference appeared
than had been obtained otherwise for the Aiken Interest scale and the Intrinsic
Interest, Ease of Learning and Perceived Knowledge indices. E-C differences on the
latter index were especially affected by this’ adjustment. - For eech of the measures,
tae usual effect of the adjustment was to increase the magnitude of the scores
obtained by E class pupils relative to those in the respective C classes. This, in
effect, indicates that the factors for which the adjustments were being made, sex
and text difficuity Jjudgments, were reflecting or contributing to the E-C differ-
ences for these measures. Since the adjustment was made for two factors (as well as
their interaction) there may be a question as to which fector was the mejor source
of the changes resulting from the adjustment., Examinaticn of the enalysis of var-
jance results indicates that text difficulty differences were contributing much more
to the variance and therefore to this effect than were the sex differences.

It appears then that when comparisons were made between those who made similar judg-
nents concerning the difficulty of their reespective texts, pupils instructed with
the E prograns exhibited on several indices a more positive or a legs negative atti-
tude towaerd mathematics than those instructed with C programs. The tendency toward
development of relatively more positive attitudes appeered to be greater for the
ULICSM pupils end least for Ball State pupils.

However, before it could be concluded generally that in the absence of text diffi-
culty differences tne UICSM and SMSG prograns would have had a positive effect on
pupils attitudes towerd methemetics and the 3all State program would not have con-
tributed to a more negative attitude, other fectcrs must be considered.

e et en. v ant s . N
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It was observed that the Ball State end SMSG pupils had & mich stronger tendency to
judge their texts as being difficult to understand than did pupils in the U classes.
If this were the case, then pupils in the E classes judging their texts as being
relatively less difficult were more likely to be pupils that had relatively higher
proficiency end/or higher gredes in mathematics than the C class pupils making the
same judgment, That is the adjustment for text difficulty differences by equally
weighting the alternmate levels may have resulted in a differential adjustment be-
tween E and C classes with respect to mathematics ability or grades received in the
mathematics cless. Since both of the latter variables,especially the grades received,
are relevent to pupil attitudes, partialing out the text difficulty differences
could have contributed to more positive attitudes for E class puplls independent of
the effects of the instructional materials. This effect would most likely be re-
£lected on the Perceived Knowledge index which correlates most highly with grades.
Under these conditions then at each text difficulty Judgment level the average

grade for E class pupils would be higher than that for C class pupils. If this were
observed then pupil grades could account as readily for E-C differences on the
Perceived Knowledge and possibly other attitude indices as could the text materials
themselves when comparisons were made adjusting for text difficulty differences.

To examine this possibility on the index of perceived knowledge where the greatest
veristion in results had been obtained, an additional analysis was cerried out.
E-C comparisons were made considering text difficulty levels controlling for the
possible grade and proficiency differences using analysis of covarisnce. Measures
of both of the latter variables and the premeasure of perceived knowledge were
included in the enalysis as covariates!l

The results of the covarisnce analysis indicated no reliable E-C treatment differ-
ences for the Ball State and UICSM progrems (F = .8 and 1.02, respectively). For

the SMSG program the treatment difference was relisble, F6 269 = 2,4, p < .03, vith
]

the E class pupils having the higher adjusted mean perceived knowledge scores.

Underlying this analysis is the assumption that the covariate regression coeffi-
cients were homogeneous across the E-C treatment by text difficulty level cate-
gories. A test of tnis assumption indicated that it clearly held for the UICSM

s comparisen (F = ,57) but that it was somewvhat questionable for the Ball State

: (p = .10) and SMSG (p = .14) comparisons which suggests some caution in interpre-
ting the covariance results for the latter two programs.

On the basis of the analysis of covariance it appears then that the E-C differences
observed in the UICSM comparison ou the Perceived Knowledge index when adjusted for
5 test difficulty differences were prinarily the result of proficiency end/or achi-
evement factors. For the Ball State and SMSG programs however, consideration of
proficiency and achievement in conjunction with text difficulty judgments levels

E did not elter the effects observed when text difficulty was considered alone. This
suggests for the Ball State program that the E-C differences observed generally
(i.e. independent of text difficulty) on the Perceived Knowledge index were asso=
ciated with or a result of text difficulty judgrent differences and for the SMSG
program that if the text difficulty judgment differences were adjusted out, the
SMSG pupils would obtain higher perceived knowledge scores than those instructed
with conventional programs.

11 special computer program for the covariancz analysis with three covariates was
written by Mr. Rodney Rosse.
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These results suggest further that the somewhat negative effects observed for the
Ball State program and the lack of positive effects for the SMSG progrem on other
attitude indices may have been primarily the result of differences in the difficulty
pupils' experienced with the instructional materials.

2. Teacher determined conditious

a. Pupil grades

The gredes pupils' receive in a subject are quite likely to heve some affect on their
attitudes toward the subject matter., Within a given class, grades are no doubt quite
highly related to independent measures of the pupil's relative proficiency or ability.
It is possible however, independent of actual proficiencies, that teachers might

have varied their greding standards betwecn the separate classes they were instructing.
Such variation would be more likely when teachers were using different prograns of
instruction in ceparate classes which, to the extent that the instructionel objecti-
ves differ, might require judgments relative to different performance criteria. If
this were the case in the present study, it could result in a difference in the dis-
tribution of grades assigned respectively to the E and C class pupils. There is a
question thes as to whether there was any systemat’ s difference in the grades assi-
gned to pupils in the E and C clagsses when any previous mathematics class performance
di frerences were held constant.

Informetion concerning the average or overall grade received in mathematics during
the previous (8th grade) and concurrent year was obtained for pupils in a majority
of classes participating in the study. To determine if there were any grade differ-
ences between the E and C class pupils, comparisons were made within each E program
comparison condition using the three factor analysis of variance. The analysis was
restricted to class pairs for which the necessary dats was available and +his con-
sequently reduced the number thet could be included in each program comparison.
Table 23 shows the adjusted grade means for pupils jnstructed with the alternate
programs and Table 2l shows the results of the snalyses of variance for this measure.
The anslyses provided no indication that- there were any overall differences in the
gredes received by pupils in the E and C classes for each E program comparison con-
dition. It does nct appear then that any jnstructional treetment differences ob-
served with respect to pupil attitudes could be attributable to general or sysie-
metic differences in grades received by E and C class pupils respectively.

A moderately relisble teacher by treatment interaction was observed for both the
Ball State and UICSM program compariscns. This result indica*tes some variation in
the magnitude and/or directiom of the E-C grade differences between teachers.
Vhether the teacher by treatment grade differences sorrespond to between teacher
treetment differences on other measures will be considered in a subsequent snalysis.

b. Teacher attitudes and judgments concerning the E progrems

Another instructional factor or conéition whizh could have differentially affected
the attitudes of pupils in a rpair of E and C classes wes the Judgment or attitude of
the teacher concerning the materials being used. A characterization of the materials
by the teacher to the pupils, either in general evaluative terms or in terms of their
snticipated instructional outcomes or purposes could affect the pupils reaction
either to the materials or to the subject matter itself. Such a characterization
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Adjusted grade means for E and C class pupils in each E program comparison codition.

Treatment E c

Experimental Number of Premeasure
program class pairs level low high ave. low nigh ave.
Ball State 8 3.14  5.36 3.26 5.15

h.25 4,22
UICSM S 3.02  5.42 3.75  5.T4

4,22 L. 7L
SMSG 8 3.96 5.48 3.5  5.48

L.72 L. 46

Values assigned letter grades:

A=1 B=3 c=5 " D=1 F=9
A-, B+ = 2 B-, C+ = L C-, ¢ =6 D- =8
TABLE 2k

F-ratics from the analysis of variance for pupil grades in each program comparison
condition.
Source of Variance a.f. B.5. UICSM SMSG
Treatment i 0.0 1.4 2.3
Premeasure 1 119, 1%%¥ 21.0% 52, ThE®
Teacher (t - 1)? TR 17. 6% 6. 2une
Treat X Premeasure 1l .9 o7 s 242
Treat X Teacher {+ - 1) 2.5% 3.0% 1.2
Premeasure X Teacher (+ - 1) 6 3.TH% 2.0% 3
Treat X Premeasure (t - 1) .9 .2 .5

X Teecher
2 = pnumber of cless pairs for each * p <.05, ** p <,01, ##* p <,001

program condition indicated in
Table 23 .
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1. Pupil characterist® °s

52

different. As part of the rore extensive project concerned with the effects of the
E programs on pupil achievement in mathemetics, a questionnaire had been prepared
to elicit participant teacher juégments and reaction tc the experimental instruc=-
tional materials they were using. From the questionnaire items gaveral scales were
derived. 'The questionnaire provided indices of (1) the teacher judgment of the
reletive extent to which the E and C programs achieved certain instructional objec-
tives. (2) The teachers preference for E relative to C moteriels and (3) the teach-
ers judgment of the pupils resction {in general evaluative terms) to the materials

would be especially likely in the E classes because the materials were obviously 1
and the subject matter, |

To examine this question, a single index representing the E-C class difference (od-
Justed Tor premeasure differences) cn each of the attitude scales for each indivi-
vel teacher was obtained., The degree of association between the teachers adjusted
E-C class difference score for each attitude index and teachers score on each of the 1
teacher Judgment indices wes determined., Classifying teachers above or below the f
median on each pair of indices, the degree of association was determined by an exact
probability test, The results indicated that none of the teacher judgment indices
were reliably related to the instructional treatment (E-C) differences obtained for ;
individual teachers for any of the attitude indices. That is, there wat no corre-
spondence between the individual teachers judgments concerning the E programs and the
E«C class aifferences on any of the pupil attitude indices., It appears then that
there is no evidence that the teacher attitudes or judgments as measured bv tne
teacher questionnaire indices were related to or affected the differences in atti-

tude observed between the E anld C classes.
E

b

e L L

¢. Instructional treatment effects considering moderator variables

Another question separate from that concerning the general effects cbserved for the i
E progrems, is the question of whetrer the effects on attitudes end interests are ;
the same for all pupils or the same under all conditions of jnstruction. This is &
question of whether certain pupil characteristics or instructional conditions func-
tion as moderetor variebles, in the sense that they interact with the inetructional

progrem variations, to alter or modify their effects.

On the basis of more general considerations, somewhat different ~ttitude and interest
effects might be expected for such pupil characteristics as seéx or level of mathe-
matics sbility or for classes of teachers varying in the amount of experience they
hed hed using their respective E progrems. Analyses were carried out considering
each of these factors as & possible source of differentisl attitudinal effects for

the separate instructional progrems.

In the previous analyses sex differences in sattitudes towerd mathematics as they
developed over the year were observed in several instances. On the Perceived Utility
index & consistently higher score was obtained by boys which was however independent
of the various instructional progrem differences and no doubt reflected the effects
of factors other than the instructional nmaterials. Although the instructional treat-
ment effects tended to be in the same direction for both sexes, larger and more re-
1iable differences were observed more frequently for girls in the analyses using

the a~v scores on the Intrinsic Interest, Utility and Ease of Learning indices.
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Another indicetion of pupil sex as a mocderator varisble was observed on the Aiken
scale for the UICSM comparison. This appeared in the initial analysis for the Aiken
scale shown in Table 4 for which a reliable treatment by premeasure effect was ob-
served for girls but not for boys. It also appeared when E-C comparisons were made
on the Aiken scale adjusting for text difficulvy differences. The latter analysis
indicated that girls iustructed with the UICSM program developed more positive in-
terests than those in the comparison C classes while the boys shoved an E-C diff-
erence of similer magnitude in the opposite direction.

With respect to mathematics ability or proficiency as a possible noderating variable,
the question is whether the E progrems affect the attitudes of pupils having rela-
tively higher and lower proficiency in any differential way. This question derives
from logical as well as empiricael considerations. In a separate guesticnnaire,
distributed to obtain their reactions tc the experimental programs they were teaching
and judgments of their pupil!s reaction to these materials, teachers were asked to
indicate, for high, average, and low ability pupils separstely, whether those in the
E or C classes responded more favorably to their respective materials. A high pro-
portion of the responding teachers indiceted that among higher ability pupils, the
reaponse was more favorable for those in the experimentel class, while among low
ability pupils the response was more favorable for those in the C classes. (See

Ryan and Rising ( 9)).

The judgment probably represanis a belief that the somewhat greater emphasis on the
conceptual aspects of methematics in the E programs would have relatively less eppeal
to lower ability pupils, while the somewhat more rote computational and rule learning
character of the conventional programs would heve relatively less appeal to the higher
ability pupils. If true, then an interaction between ability and instructional pro-
gram should be indicated on a measure of interest such that among lower ability pupils
those in the E classes would have less interest at the end of the year than those

in the 0 classes, while among bigher ability pupils, those in the E classes weuld
have the greater interest.

To exemine this question in general, comparisons were made for each of the several
attitude and interest indices; the Aiken scale - one of the measures of general in-
terest, and the Intrinsic Interest, Perceived Utility and Perceived Knowledge indices.
Sinse as discussed esbove, some evidence has appeared indicating that the treatment
effects on pupil interest might be nodified by sex differences, pupil sex was also
jncluded in the anselysi: to examine tnis possibility further and to determine whether
there was a sex by ability interaction.

The pupils score on <he mathematics section of the STEP obtained at the beginning of
the year served as a measure of mathematics ability or proficiency. The comparisons
vere made using snalysis of variance within each E program ccndition. Four factors
were considered; instructional treatment (E or c), pupil sex, and initial (pre) levels
of proficiency end of interest, the latter being the premeasure of the dependent
varieble. For each of the latter two measures, tyo levels determined by the median
of the distribution of scores of all pupils on each were usad.

In this analysis, if the treatment effacts did very generally with the pupils' ini-
tial level of proficiency, with sex or with both factors, this would be indicated by
significant treatment by proficiency, treatment by sex, or treatment by proficiency
sex interactions, respectively. Teable 55 shows the adjusted means om each of the
attitude indices for pupils having higher ané lower levels of nroficieacy within sex,
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. TABLE 25

Adjusted interest index means for E ané C class pupils by sex and level of pro-
ficiency in math for each program comparison condition.

Math , Iptrinsic Perceived
Proficiency Aiken ' Interest | Utility
Ball State level E c i E c ’ E C
Sex low 3.13 3.23 ! 46.4 49.4% ' LW7.h 52.1
M high 3.58  3.59 | l9.2 5L7 |5L3 53.5
ave. 3.35 3.41 %_h'{.& 50.6 k9.3 52.8
low 3.02 3.3 }us.l 8.0 | 48.1  18.3
F high 3.53 3.66 , 49.0 51.8 4¥7.0 51.0
ave. 3.27 3.51 ' "7.6  49.9 7.5 k9.7
low 3.08 3.30 i k6.2 k8.7 | WT.T  50.2
All high 3.55 3.62 ! k9.1 518 | k9.1  52.3
ave. 3.31 3.4 ; L71.7 50.2 | 8. 5.2
UICSM
low 3.10 3.23  48.7 WO | 517 . 9.1
! f
M high 3.5 3.64 . 52.4 51.5 | 53.2 53.2
\ ave. 3.27 3.4 505 so.b |sau 511
lOV 3036 3.16 H h8.2 ll9.0 !l9.!l hs.h
F high 3.51 3.52 : 52.1 50.T | 50.8 50.9
ave. 3.4 3.34 % 50.1 49.9 | 50.1 k8.1
| low 3.23  3.19 i k8.4 L49.2 | 50.5  A7T.2
} A1l high 3.48  3.58  52.2 51.1 { 52.0 52.1
ave. 3.35 3.39 !50.3 50.1 ' 51.3 19.6
SMSG
low 3.0 3.43 ; 8.k 5.0 | 50.2 52.5
| M high 352  3.80 | sk3 Sk5 ls52.5 53k
| ave. 3.30 3.4 | 5Lb  52.7 '5L3  52.9
i low 3,11 3.31 | k9.2  51.2 i 47.3  52.6
i F high 3.23 3.4 | s1.9 8.6 ' 50.1 50.3
i
| ave. 3.17 3.37 | 50.6 49.9 } 48.7 S1.b
| low 3.12 3.37 | 8.8 51.5 ! 8.7 52.5
A1l high 3.37 3.4 | 53.1 51.6 | 51.3  s51.8
| ave, 3.24 3.30 50.9 51.3 ' 50.0 52.2
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instructional treatment, and E comperison condition categories. Tables 26 and 27
show the results of the analyses of variarce for each of the indices.

As can be seen for none of the interest measures were the specific lower order inter-
actions indicating a general moderating effect for pupil proficiency and/or sex
significant at the .05 ievel or less. There was a tendency for the differences to
be more in favor of the C programs emong those with lower than higher proficiency
for the Ball State pupils and SMSG males on the Aiken scale. A similar tendency

was noted for the SMSG comparison on the Intrinsic Interest and Perceived Utility
indices. For the UICSM program on the Perceived Utility index the trend was in the
opposite directiom, i.e., the E class mean being relatively higher for the lower
proficiency pupils. Nome of these differences, however, were large enough to yield
reliable effects.

A variation between the E-C differences for the sexes for the UICSM program compari-
son on tke Aiken scale which was noted above also appeared in this analysis but was
not significent. Apparently the adjustment for initiel proficiency differences did
not affect the sex by treatment interaction in quite the same way as did the adjust-
ment for text difficulty differences.

For the Aiken scale, two higher order interactions were indicated; a treatment by
proficiency by premeasure interection for the UICSM progran comparison and an in-
teraction involving all four factors for the Ball State program. Neither cf these
interactions appeared to reflect an easily interpretable pattern of effectsl? and
since the spnalysis was concerned primarily with more general, i.e. lower order, in-
teraction effects no further comparisons were carried out.

In general, on the basis of tlis analysis, it does not appear that the effects of the
experimental programs vary between rup..s heving different levels of proficiency in
mathematics at the beginning of the vear, i.e., mathematics proficiency does not
moderate the instructional progran differences.

This analysis also did not provide any more conclusive evidence that there were any
differential treatment effects associated with sex differences. The tendency for a
sex by treatment interaction in the UICSM program corparison condition on the Aiken
scale was consistent with a separate analysis but did nct appear in this instance to
be very reliable. This effect as observed in the previous analysis may, however, have
been a result of factors discussed below.

The analyses considering initial pupil ability and sex, however, revealed other -

di fferences which have more general irplications concerning the instructional
treatment effects. It can be seen in Table 26 for the SMSG progrem compariscn on the
Aiken scale that a reliable treatment difference was indicated whicli was the result
of higher mean scores obtained by pupils instructed with the conven’ional rather
then the SMSG program. This difference had not been found to be as large nor as

12For the UICSM program, in terms of E-C differences the interaction reflected a
difference in favor of the E class pupils for those low on preneasures of both
ability and interest or high on both premeasures while the difference favored C class
pupils in the remaining two cross classification cetegories.
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TABLE 26

Results of analysis of variance of Aiken scale end Intrinsic Interest jndex (r-n) scores within each exnerimental
pronsram condition considering punil sex and proficiencv in mathematics,

Aiken ‘ Intrinsic Interest
Ball State UICSH S**SG . Ball State uyICSM mSe
Yean , 'fean i Mean ” Mean | Mean ; Mean
Source of Variation d.f. square F ~ snuare w gnuvare ¥ | square ¥ ! souare ¥ ! square ¥
“ t f
Treatment 1l oom.ﬂ.ﬂ w.r ”. oOOfN om | oow.ﬂw :.m*... Nmor m-m**. ol oo " om ol
Sex 1 ooos .0 | .0050 .2 L0306 15 .8 .2} 0 .2 | 13.4 3.3
Math ?0%”0%0”04 1 omwmm Np—om*t..“* oroww HE.W**** oOWraN r...m* . w-._.ow .0.0**.“. wu.oo .Now**w Mmow Wort
Premeasure 1 2.4120 92.L4*##3,1732 117, L##k 05Tk 102,0%#% 148,0 38,3%%* 129,6 29,TH¥¥ 272.,9 66,5%%#
) , , :
TXS 1 .0333 1.3 « .0652 2.4 . ,0087 i ' 2 i .0 .0 ’ 42 1.0
i | M
T X MP 1 0240 .9 | L0175 T JOWT9 2.3 0 .0 3.9 .9 14,1 3.5
TXP 1 .0n22 .1 .00kO .2 + ,001b 1 ! 5.1 1.3 .8 2 ! o1 .0
” ] ! !
TS X' 1 .00k9 2 ' 0062 2 ' L0515 ' .h 6 .2 o1 0 1 2,0 5
TXSXF 1 0190 .7 L0000 .0  .0187 .9 ! 5 L .2 1 13 .3
T X MP X P 1 0029 .1 1263 L%, L0277 L3 | 19 .5 beo 1.1 ' 1.6 .k
TXSXMPXP 1 1048 L, O% .. .0012 .0 ' .0011 o1 | 11,9 3.1 7.4 1.7 1.2 3
) | ;
Residual L okk2 1.7 , .0261 1.0 | 0257 o3 | .8 1.9 | 5.6 1.3 7.3 1.8
[ . ._
Adjusted a.f. 341 267 392 3b2 317 340
erxror
.S .02€0 0270 0211 3.9 L.b b1
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TABLE 27

Besults of enalysis of veriance of Perceived Utility index (r-p) scores within each
experimental program condition considering pupil sex end proficiency in mathematics.

Bell State UICSH . SMSG
Mean Mcan i Mean

Source of Variation d.f. squere F square F 3 square F
Treatment 1 3.6 8.4+ 10.8 2.3  18.5  6.3%
Sex 1 2wk 6.5%  2B.b 6.0*? 16.9  5.1*
Math Proficiency 1 11.7 3.1 . 39.3 g.on%. 3L 1.2
Premeasure 1 60.7  16.1%%% 159.0  33.3%%¥ 305.9  103.3%%¥
TXS 1 1.9 .5 .5 1 1.4 .5
T X MP 1 b .1 11.0 2.3 | 10.5 3.5
TXP 1 .3 1 69 15 j 3 1
TXS XMW 1 10.5 2.8 T .21 3.4 1.1
TXSXP 1 5.1 1.b i 9.8 21 i 33 11
TLYMPXP 1 4.3 1.2 | | .0 ° 1.6 .6
TXSXMPXP 1 1.5 R i 3.6 .8 1 .0 .0

: Residusal N L.l 1.1 1.9 R 2.5 .8

Adjusted a.t. 396 321 399

error
] MoSo 3.8 h.8 3.0
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relisble in the previous analysis (shown in Tables 2 and L) which had not considered
(i.e. adjusted for possible differences associated with) pupil ability or sex, but
had considered teacher differences. Moreover, a change of some degree in the mag-
nitude and reiiability of the instructional treatment differences for the E programs
was slso indicated for the jndex of perceived utility using r-p scores vhen pupil
gex and initial proficiency were considered. For the latter analysis, reliable E-C
differences were {ndicated in the Ball State and SMSG comparisons with the C class
pupils having the higher mean scores in both instances. Although in the previous
enalysis {shown in Table 15) these differences were in the same direction, they were
not statistically reliable. For the UICSM program in the enalysis {showm in Table
27) the E-C difference was smeller and less reliable (actually non-significant by
the criterion being used) than had appeered in the pr.vious analysis.

The difference in outcome between the two analyses could be due to either or voth
of two conditioms:

1) A variation in the B.C differences for individual teachers for whom there was
also a4 conconmitant variation in class size. The earlier analysis adjusted for
class size differences (by considering "teacher" as a dimension) while that invol-
ving pupil ability and sex did not include this adjustment. However, if between
teacher variations in E-C differences were of some magnitude, this should have
been reflected by a reliabile teacher by treatment interaction.

2) A difference between E and C class pupils with respect to the distribution of me
or both of the factors (proficiency and/or sex) for which there was some degree of
correspondence with the dependent variable that had not been adjusted out by the
premeasure control varieble. The procedures followed for the analysis were direct-
ed toward minimizing E-C differences with respect to the premeasure for a given
jndex. These procedures should also have reduced or minimized E-C differences with
respect to any other beginning-of -year pupil characteristics which happened to be
correlated with the dependent variable assuming that they would be at leaat as hi-
ghly correlated with the premeasure of the dependent variable. It may have been
thet the enalysis procedures did nct provide a sufficient control or edjustment for
the effects of certain pupil characteristics such as sex or ijnitial proficiency on
at least some of the jndices and/or these characteristics were more highly relsted
to the post than the premeasures of the variable.

It is on the Perceived Utility index that the alternate analyses differ most in the
interpretations they would permit with respect to the reliability (but not direction)
of the differences for the gseparate E program. On this index for the UICSM compar-
json both proficiency end sex appear to relate to or affect the dependent variable

as indicated by the main effects for each, while no teacher by treatment interaction
was indicated. This leaves the sex and ability differences as the most plausible
explengtion for differences obtained by the separste analyses for the UICSM program
comparison.

The latter possiblity is supported further by a closer examination of the data
which revealed a slightly higher overall proportion of both males and higher pro-
ficiency pupils (members of both categorics tending to have higher scores) in the
UICSM classes.

For the SMSG and Ball State comparisons, reliable teacher by treatment interactions
as well as sex differenccs were obtained. For each of these comparisons, the dis-
tribution with respect to proficiency was quite similar for E and C groups but for
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the Ball State comparison there was a higher proportion of males in the C classes.
Consequently for these programs either of the above conditions may have contributed
to the variation in results.

The occurrence of an overall difference in thLe sex and proficiency distributions
however does not unequivocally indicate that these factors are accounting for the
variation in treatment effects indicated by the analyses since the analysis design
could have controlled for some variation in these factors. A more extensive analy-
sis providing for direct control on the possible effects of each of these factors
would be required to determine the rature of the E-C differences in more precise
terns.

For the most part the results observed with respect to the trzatment differences
-when pupil sex and proficiency are taken into account affect primarily the conclu-
sions that can be mede for the 'IICSM program on the Perceived Utility index,!3 It
eppears that the reliably higher score indicated for UICSM instructed pupils in the
previcus analysis may have been due in vart to factors other than the instructicnal
program. On the other hand, for an analysis on Perceived Utility scores across all

E program conditions, a reliable treatment by program interaction (F2 1116 = 3.1,
9
p < .01) was again obtained when pupil sex and proficiency were considered. The

letter interaction reflected the varistion in the direction of the E-C differences
between the UICSM and the other E program comparison conditions which had been
observed in the previous analysis shown in Table 1k,

2. Teacher experience with the experimental programs

It would be reasonable to expect that as teachers haed additional years experience
wvith a new program of instruction, such as the E programs, they would be in a
better position to impliment the instructicnal objectives specific to that program
and probebly reduce somewhat any special difficulties or additional effort required
in connection with its use. To the extent that such factors affected pupil atti-
tudes either directly or indirectly, they would contribute in generel to greater
veriation in E-C differences among teachers having differing amounts of experience
and specirfically to greater differences in favor of the E program for classes of
teachers with more experience.

On the other hand, however, over time there might be a tendency, due in part to
increased familiarity, for the teacher to introduce some of the more positive
cheracteristics of the E progrems in his conventional classes. If this were the
cese smaller E-C differences in pupil outcomes affected by these factors would be
expected. A question exists therefore, as to whether E-C differences fur the
measures obtained did vary hetween teachers having more or less experience with the
respective E programs they were using, and if so, whether there were relisble E-C
di fferences for classes of teachers at one experience level which had not been
indicated generally.

In the previous analyses for each of the attitude indices, individual teachers were
treated as levels on a separate dimension. Consequently if 2.y teacher connected
charateristics contributed to a reliable variation in the treatmen* differences this

13p similar analysis was also carried out for the Perceived Knowledge index with
the results being very sirilar to those obtained for the earlier analvsis shown in

T3p1e 15
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effect would necessarily be reflected in the analyses by a significent teacher by

treatment or teacher by treatment by premeasure interaction. Conversely, nonsigni-

ficant teacher by treatment interactions would indicate that there were no real

variations across teachers with respect to E-C differences which could be ettributed
in teacher characteristics.

Examining the results of the analysis cerried out for the separate attitude measures
in which the teacher effect was treated as a separate dimension, only for the follow--
ing measures md E program comparison conditions were signific.at teacher by treat-
ment interactions indiceted: Perceived Knowledge, s-r score, dall State; Perceived
Utility, r-p score, Bell State end SMSG, end Ease of Learnirz, r-p score, SMsG. 1%

Where the previous enalyses indicated a significant teacher by treatment interaction,
additional analyses were carried out to determine if the between teacher variation
in E-C differances resulted from or was associated with differences in teacher
experience with the E programs.

For each of the above measures and E program conditions, teachers were classified

according to their relative level of experience and the reliability of the E-C

y treatment difference within each experience level was determined using analysis of
variance within each experience level. The adjusted means being compared and the

pertinent results of the enalysis are shown in Table 28.

For the Ball State and UICSM procrams on the Perceived Utility index (r-p scores)
and the Ball State program on the Perceived Knowledge index (a-v scores), none of
the within experience level treatment differences reached the .05 level of signi=-
ficance. Tt is eviden. though that in each of these instances tbe classes of the
most experienced teachers tended to exhibit the smallest E-C differences. The

Athin experience level corparison for the SMSG program on the EOL index (r-p scores)
did however show a highly reliable treatment difference for classzs of teachers
having the most experience with this program. The latter result indicates that

the tendency observed more generally for E class pupils to experience greater learn-~
ing difficulty occurred for SMSG instructed pupils in classes of teachers having

the most experience with this program. On logical grounds it would seen that a
difference of this type would be more likely among classes of teachers having less
rather than ncie experience with a specific progran. j

D. Properties and relations among attitude g.interest indices and other measures

As discussed sbove there are some general cuestions of a methodological nature that
should be considered concerning the various attitude and interest measures used in
the study which are relevant to the effects observed. ]

There is a question of reliability or how well or consistently the indices provided
measures of the characteristics they were intended to assess.

There is also the question of validity of the indices used. In the context of the
objectives of this study this question concerns the degree to which the separate

lupne teacher by treatrment effect was elso obtained on the Aiken scale for girls
alone. However this effect was not examined further since the teacher exverience
factor would be presumed to be a factor affecting both sexes.
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attitude and interest indices are measuring relatively independent of separate
attitudinal reactions or dimensions and whether on the whole the affective factors
or reactions being measured are independent of performance oOr echievenment character-
jstics and more general academic attitudes.

1. Reliability

Data were gathered end snalyses carried out to obtein estimates of both the internal
consistency and the stability of the scores for the various indices or measures that
were used.

To cbtein an estimate of the reliebility of the various attitude indices cver time,
the Fall version of the questionnaire containing all items in the indices was ad-
ministered twice within a three month interval to a semple of 200 ninth grade al-
gebra pupils in three schools not participating in the main study. Product-monent
correlations were computed for both absolute-value and rank-position scores on the
jndices derived from the questionnaire responses. The test-retest reliability
coefficients for the "petest" sample ere shown in Table 30. (A separate indication
of the stability of the indices over the school year was obtained for the date
sample from the correlations between scores on the same indices obtained from the
Fall and Spring questionnaires. These exe shown in Teble 31).

Internal consistency coefficients for the various indices were determined using the
Hoyt relisbility formulas found in Cronbach, Rejaratnam and Gleser (5 ).13

Internal consistency reliability coefficients were computed separately for the indi-
ces from the first and second sdministration of the questionnaire (Fall version) to
the retest sample shown in Teble 30 and for the indices derived from the Fall end
Spring versions of the questionnaire for the actual data sample shown in Table 29.
These coefficients were computed for both absolute value and rank position (3 sub~
Jects; Erglish, science and mathematics) scores. The relisbility coefficients in-
dicate that each of the separate indices was sufficiently internally consistent to
provide an adequate measure of a pupil cheracteristic for purposes of group compar-
ison.

2. Relations between indices

Tebles 31 and 32 show the correlations obtained petween the separate attitude and
interest indices and measures of achievement for the absolute value end rank posi-
tion scores respectively.

Considering the correletions at the beginning of the vear for the sbsolute-value

scores, the pattern of empirical relations among these veriables eppears to fit a
logical classification which would distinguish thre2 separate categories of vari-
ebles: (1) External indices of proficiency iu matlematics - grade and achievement
test scores. (2) Attitudes towerd the subject matter per gse-= indices of intrinsic

15 This procedure atilizes enalysis of variance ccnsidering the within pupil item
regponse variance end the betueen pupil score variance.

The Hoyt forrmla is:
_MS between pupils -~ MS within pupils

Y93 M5 between pupils
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. TABLE 29

Coefficients of internal consistency obtained for the attitude and jnterest measures
from the data semple (N = 1100).

Meesure Fall Spring
a=v r=p a=v r-p
Aiken scale a - 96 -
Intrinsic Interest 78 80 81 86
Perceived Utility 77 75 83 75
Perceived Knowledge T2 76 78 86
i Ease of learning 73 T1 89 87

a
Computed only for spring administration

TABLE 30

geliability coefiicients obtained for the attitude snd interest jndices from the
"retest" sample. ‘

Measure Test..retest Internal Consistency
oy rep ggat Adminl.’_p gg 3ond Admig_:p
Aiken scale 81 - 8 - a -
Dutton scale 6L - b - b -
E Intrinsic Interest 70 60 80 83 82 86
| Perceived Utility 54 50 72 16 8l 81
Perceived Knowledge 61 65 79 o1 82 90
Ease of Learning 68 61 76 71 75 86

8sn internal consistency coefficient for the Ajken scale was deter-
mined for the data sample only since this scale had been originally
developed independent of the present data sample.

bBecause of the nature of the response required for the separate
jtems on this Likert type scale, it was not appropriate to compute
the coefficient used for the other scales. No alternative pro-
cedure for computing the internal consistency for this scale was
deternined.
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TAB'E 31

Correlations between absolute-value scores obtained on attitude and jnterest indices
and measures of achievement . %

Measure 1 2 3 L 5 6 T 8 9

) Intrinsic Interest 55 v T0 61 . 5% 39 36 36 22
o Perceived Utility 42 ii.a' 51 49 i3 43 30 ' 28 29
3 Aiken scale 61 39 69 85 68 T0 48 ' 18 3l
L Dutton scale o 8 6 6 6 6 M k2 3
s perceived Knowledge "y 33 5T %2 9 12 T 51 63 W5
6 Ease of Learning v 29 8 s 6 5T %6 8 ¥
T Expected Grades . o 28 51 w6 - 63 5.6 5 68 39

8 Actual Grades 17 i 28 25 b5 2 50 65 W9
9 STEP-Math o7 15 23 2 38 21 3 W3 6L

TABLE 32

Correlations between rank-pggition scores obtained on attitude and interest indices
and measures of achievement . *

Measnre 1 2 3 L 5 6 T 8 9

1. Intrinsic Interest % s6 59 ST 6 60 33 32 19
o perce®ved Utility so 39 36 36 8 35 33 10 13
3 Aiken scale wy 2h 63 B8 56 52 M 58  3b
L Dutton scale ws 25 62 & 56 50 M b2 32
5 Perceived Knowleage 67 38 LS 73 W T8 66 u3 19
6 Ease of Learning yp 3 kb k2 & % 61 39 15
7 Expected Grades 52 35 W 67 63 37 38 17
8 Actual Grades i o0z 31 28 15 1 26 6 L9
9 STEP-Meth 08 02 23 22 13- s 15 W 6l

#Fall (pre) scores shown below diagonal
Spring (post) scores shown above diagonal

Fall-spring correlations for same scales shown on the diagonal

©

ERIC

[AFuiTox provided by ERIC
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interest, perceived utility end general attitudes and interests in mathematics.
(3) Pupil judgments or perceptions of their own proficiency or ability to success-
fully achieve the goals implicit in the subject matter - indices of ease-of-learn-
ing, perceived knowledge and expected grades. In the correlation tables the
variables have been grouped acccrding to these categories.

This grouping is supported by the fact that the {nterrelations among the attitude
and interest indices tend to be consistently higher than the relations between these
indices and the separately obtained objective indices or proficiency - pupil grades
and achievement test scores. For the STEP mathematics test, which an logical
grounds would seem to be the best index among these measures of the pupils' mathe-
matics proficiency or ebility, the lowest relations were obtained. It is evident
that the attitude and interest indices oo the whole were not reflecting to any ereat
extent factors in common with the pupils' measured proficiency or classroom perfor-
mance in mathematics. That is, the relations obt«ined indicate that the indices of
pupil attitudes toward mathematics subject natter were acsessing qualities that
were relatively independent of objective measures of ability in mathematics. Also,
the variables reflecting the pupils’ subjective impression of his ability had higher
relations vith both subject matter jnterest and actual ability than did the latter
two sets of variables with each other. However, the former set of variables appeared
sufficiently independent to be treated as revresenting conceptually separate qual-
{ties or characteristics of the pupils. At the end of the year, the relations
obtained for the absolute-value scores generally tend to be higher and the sub-
groupings less clear. The correlations of the other measures with actual grades
and wvith the EOL index show the greatest increase as does the intercorrelation
between these two variebles. '

This appears to suggest that over the year the factors associated with
pupil grades and learning difficulty come to have & strong affect on the other
veriebles. Whether the distinctions between the separate categories of variables
as well as between measures of variables within the categories are empirically
useful end valid will be determined by the increased prediction and differentiation
such distinctions can provide which will be indicated in subsequent analyses to be
carried out with this data concerning questions of a more general nature. That
the distinction, for example, between measured and perceived ability or proficiency
in school subjects in general can yield differential and meaningful relatioms has
been shown in recent research by Brookover ( & ). Also some jndication is provided
by the results presented above which reveal a variation in the treatment effects
observed on the seperate jndices for the dificrent E program comparisons. These
results do not however provide urequivocal evidence that all of the measures in-
cluded in this study were suffir _ontly independent to have provided functionally
unique information concerning the instructional outcomes.

The relations among the indices naving rank-position scores when these -cores are
considered (Table 32) tended to be somewhat higher then obtained for the a-¢ scores.
This indicates that the r-p scores were reflecting more common factors than were
the a-v scores. It also appears that the r-p scores had lower c~rrelations than
a~-v scores with measures for vhich only e-v scores were used (i.c¢. Aiken and Dutton
scales, grades and test gcores) indicating that the factor or faccors partialed

out of the a-v scoree (i.e. mot reflected in the r-p scores) were cantributing to
higher correlations among some of the a-v scores, i.e. that there was a common &~V
score factor. Additional enalyses are necessary to obtein a better picture of the
factors contributing to the relations obtained between these variables for the

o b e amana
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separate scores that were used and between the r-p and a-v scores.

It might be noted that the pre-post correlations for each cf the measures were
lower for the r-p than the a-v scores which jndicat<s that the r-p scores had &
greater tendency to change. Since r-p and a~-v scores show ebout the same level

of internal consistency, the r-p scores exhibit sorewhat rmore than the a-v scores
the qualities Bereiter ( 3 ) has suggested as desireable for assessing change, €.8&.
high internel consistency, low correlation over time.

IV. Discussion

The question of main concern for this study wes whether the experimental programs
contributed to the development of differential pupil attitudes toward mathematics
as compared to coaventional programs of instruction.

Considering the most general measures of interest in and attitude toward mathemat-
ics, as provided by the Aiken end Dutton scales, there appeared to be no indication
of an overall differential effect for the E programs. Only for the UICSM program
was any difference observed for these measures and this resulted from a difference
for girls having initially lower interests. Among the latter, those instructed
with the UICSM program did exhibit higher jnterests than those jnstructed by the -
same teachers with camventional programs.

On the measure developed to assess specific attitude and interest dimensions, some-
vhat more general and definite differences among the instructional programs were
observed in the main analysis.

Considering the most direct jndices of attitudes, for the comparisons involving the
Ball State program there was a fairly comsistent tendency for pupils so instructed
to develop less positive attitudes than pupils instructed with conventional pro-
grems. This was most clearly indicated for the a~-v scores on the Perceived Utility
jndex and for the r-p scores on the Intrinsic Interest and Perceived Knowledge
indices.

At the same time for the UICSM jnstructed pupils there were indications of the
development of somevhat more positive attitudes then for those in the conventional
program classes taught by the sare teachers. This was most clearly indicated on
the Perceived Utility index for both a~v and r-p scores. Similar differences for -
girls alode were found on the Intrinsic Interest incex.

In geperal cuasidering the results from the main analyses for all of the attitude
indices there were some indications thet the E programs effected the development
of differential attitudes. These effects tended toward less positive attitudes for
the pupils instructed with Ball State program snd toward more positive attitudes
for those instructed with the UICSM program with no very consistent 4 ferences
observed for the SMSG program. In addition there were indications that pupils
jnstructed with each of the E programs experienced more difficultv learning the
subject matter than pupils instructed with conventional programs. For the most
part however, none of the differences was very large, eccounting for a relatively
small proportion of overall score variance in each instance.
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Subsequent analyses were carried out to determine the extent that attitude differ-
ences between the experimsntal and conventional programs resulted from or were
influenced by concomitant jnstructional factors or conditions or certain pupil
characteristics, In addition tc jndicating the probatle basis for some program
differences, these analysis suggested that some qualification of the UICSM dif-
ferences Was Necessarye.

Examination of several instructional factors to determine their contribution to

the attitudinal outcomes revealed large jnstructional progranm differences in pupil
judgments of theiv instructional materials. Both the Ball State and SMSG instructed
pupils reported relatively greater difficulty understanding their texts much more

frequently than did conventional class pupils. The UICSM pupils, however, did not
differ in this respect from the C clsss pupils with vhom they were compared.

The results also indicated that "textbook difficulty" was a factor affecting end-
of-year scores on the attitude indices and further that this factor contributed to
a more negative attitude than would otherwise have been observed for the Ball State
and the SMSG instructed pupils.

Separate analyses considered grading differences and indices reflecting teacher
evalustions of the experimental program they were teaching as factors contributing
to BE-C differences. No evidence vas obteined to indicate that either of these
factors differentially affected the attitudes of pupils in any of the E or C groups

being compared.

The effect of the teacher's experience with the E programs was also examined. Tbke
only difference observed was on the ease of learning index for the SMSG teachers
vhere greater learning difficulty among E class pupils was observed for teachers
who had the greatest amount of experience with the E program. This result is some-
what difficult to explain and probably should be supported by further evidence
before it is eonsidered to be a general effect associated with the SMSG program.

Comparisons were also made to determine whether jnstructional program differences
varied with certain relevant pupil characteristics such as gex or proficiency in
mathematics. From the analyses cerried out, there was no evidence that the E pro-
grams had any differential effects on the attitudes of pupils of higher or lower
jevels of proficiency in mathematics using as a reasure of proficiency test scores
obtained at the beginning of the yesar.

Although there appeared to be indications that the instructional orogran effects
varied between sexes for certain attitude indices when a-v scores were used, simi-
1ar indications were not obtained when sex differences were agsessed directly for
r-p scores on the same . {ndex. It is possible that there was a seX aifference in
response style or other factors specific to the a-v scores.

Overall the largest jnstructional program effects were observed for the pupils'
Judgments concerning the difficulty of the jnstructional meterials. However, in
spite of the rather large differences in this regerd for pupils jnstructed with

the Ball State and SMSG progrars, the attitude differences for these pupils, al-
though clearly affected by the text daifficulty judaments, were not of a similar
magnitude. This may reflezt in part the atability of the attitudes being measurad
in general, that is, the tendency for the initial attitudes to be sustained by a |
pumber of different factors or conditions. It also may reflect,howevern the counier-.
ing effects sf other characteristics of the Ball State and SMSG programs. :
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For the SI'SG program the results suggest that there apparently were other character-
jstics countering the negative effects resulting from the difficulty pupils had with
the materials. The text difficulty differences werc of approximately the same
magnitude for the Ball State and SMSG programs, however , the SMSG pupils did not

show the same tendency to develop less positive attitudes that was observed for the
Ball State vupils. Also when E-C comparisons were made adjusting for text difficulty
differences (i.e. partialling out the text difficulty effects), there were some
jndications that with respect to their perception of their own knowledge SMSG pupils
developed more positive attitudes than conventional class pupils. No gsimilar
tendency was observed for Ball State pupils. It was not evident, however, what

qualities of the SMSC program may have contributed to this effect.

Similar differences with respect to text difficulty were not observed for UICSM
pupils for vhom there was also evidence of the development of somevhat more
positive attitudes. However, subsequent analyses suggested that relevant pupil
characteristics which were confounded with the jnstructional treatment differences
may have contributed somewhat to these effects.

Among the attitude indices the largest differences occurred on the index of Perceived
Utility - a measure of expected usefulness of mathenatics for future activities and
goals. This measure also showed the lowest pre-post correlations indicating that

as a component or dimension of the pupil's attitude or belief concerning mathematics,
jt was relatively more amenable to change Or influence in generel than either the
pupil's jntrinsic interest or his perception of his own ebility in mathematics.

The difference in this respect for the pupils' perception of utility may be that
this characteristic of mathematics as a subject does not acquire much significance
until the ninth grade at which time, among other things, algebra is elected because
of its relevance for future educational goals and objectives. Consequently pupils’
reactions along this dimension may not be as firmly established on the basis of
previous experience as are reactions reflecting jntrinsic interest or perceived
knowledge.

v, Surmary

Questionnaire jndices designed to assessS pupil attitudes toward and interests in
mathematics were administered at beginning and end of the school vear to pupils in
38 pairs of ninth grade algebra classes. Each class vair wes taught by the same
teacher, one class with one of three experimentsl programs, Ball State, UICSM, or
SMSG, the other with a conventional program.

Comparisons were made between E and C class nupils for each of the E programs to
determine whether differential attitude changes were obtained on measures of more
global attitudes and interest toward matheretics and on measures representing
specific mathematics attitude dimensions such as jntrinsic interest, perceived
utility, and perceived knowledge. Questionnaire measures of other attitude relevant
Pactors such as jearning difficulty and judgments of the instructional materials
were also obtained as well as mathematics class grades and proficiency test scores.

The results jndicated that in general the specific programs of instruction had &
relatively small differential effect on pupil attitudes and jnterest with respect
to nathenatics as these cutcomes were measured ir this study.
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Among the differences observed was a small but consistent tendency for pupils
instructed with the Ball State program to develop less positive attitudes and for
those instructed with the UICSM program to develop somewhat more positive attitudes
than pupils in the respective comparison classes instructed with conventional pro-
grams. Also there was sone evidence that pupils instructed with each of the E
programs hed somewhat more learning difficulty in general than C class pupils. The
jatter difference was most clearcut for the Ball State pupils.

Comparisons considering instructional factors and conditions relevant to attitude
change revealed moderately large differences in "textbook difficulty” for pupils
instructed with Ball State and SMSG prograns. Among these pupils a larger propor-
tion indicated difficulty understanding their respective textbooks than pupils in
the comparison C classes. Additional analysis suggested thet this factor was
probably contributing to the development of a more negative attitude than would
otherwise have been the case for pupils in the Ball State and SMSG classes which
appeared to be reflected to a greater extent in the overall attitude differences
for the Ball State pupils than for those instructed with SMSG. The latter
possibility suggzested that with respect to the resultant attitudes there may have
been some positive courtering effects for the SM5G program. There were no indica-
tions of differences in the grades received by the E and C class pupils.

Other analyses indicated that neither variations in initial pupil proficiency as
measured by an achievement test, nor the teacher evaluations of, nor their experience
with the E programs differentially affected any of the instructional program (E-C)

differences.

To determine thz nature of these relations in more exect terms and the extent the

differences obtzined can be replicated for a separate sample, additional analyses
will be carried ovt or this snd similar data gathered in a subseouent yeer.
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