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Introductory Statement
/‘
The Center for Social Organization of Schools (CSOS) has two pri ary
obgectives. to develop a scilentific knowledge of how schools affect jtheir
students, and to use this knowledge to develop hetter school practices and

organization.

The Center works through three research programs to aclieve its

objectives:

The School Organization Program investigatts how school and cfassroom

organization affects student learning and other immediate outcome% of schooling.

Current studies focus on parental involvement; microcomputers in

ars chools; -
onal

e - - T - - - _ T i 5

use of time in schools; cooperative ilearning; and other organizat

strategies that alter the task; reward, authority and peer group /structures in

schooling and students' later-life occupational and educational/successes.
Current projects include studies of the competencies required in the workplace;

the sources of training and experience that lead to employmentj college
students' major field choices; and employment of urban minorisy youth

The Schools and Delinquency Program studies the p’i—'gmémé/'o'f crime,

?iolénCE, vandalism,; and disorder in schools and the role that schools play
in déliﬁdﬁéncw. ongdlng projécts addréss'thé déVélopmént Lfla théory of

This report, prepared by the School Organization Program, presents
results of two randomized field experiments that compared the effects on

14



ABSTRACT

This research evaluated mathemati:s achievement and attitudinal
effects of three instructional methods directed in varying degrees toward

- accomoldating diversity in students' p-'i‘i'o'i‘;ei'chiéiiéihéﬁt. Two randomized

field experimerits of 16 and 18 weeks' duration, réspectively, compared

! Effects on

control. No interactions with prior achievement were found:
Liking of Math Class and (in Experiment 1) Self-Concept in Math favoreu

TAI.
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‘Yet in most mathematics classes in which the teacher is teaching one lesson t

Introduction

One of the most troublesome and enduring problems of mathematics

instruction is accomodating heterogeneity in student preparedness and learning

minutes of the lesson, then instructiomal time for them is wasted: For

example; it is of little use for students to sit through a lesson on dividing

with two digit divisors if they: a) did not master one-digit division; b)
already know two-digit division; or c) learn the concept in a few minutes.

the entite class, we can be certain that some students fall into one or

another of these categories. In fact, it could be argued that if a teacher
teaches a three-period lesson, the only students for whom time is used

effectively are those who require neither more nor less than three periods to

master the skill or concept being taught (see Slavin, in press a).

The most common means of dealing with the problem of heterogeneity are
various forms of ability grouping of classes, such as tracking/curriculum

placement. special education, and gifted classes: The purpose of such

programs 'is to reduce classroom heterogeneity so that students” needs can be

more efficiently met. However, decades of research on tracking have failed to

tend to be no more effective than regular classes for the achievement Of
students with mild academic handicaps (Madden & Slavin, 1983), and randomized
studies of between-class ability grouping (i.e:, tracking) and of gifted

-i-
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programs for high-ability students find few if any benefits for their

achievement (Kulik & Kulik; 1982; Slavin; in press b).

Another means of accomodating student heterogeneity is within-class ability
grouping (e:g:, reading or math groups); in ﬁhicﬁ students are taught in
ability-homogeneous subgroups within a larger, ﬁbrelEEtengenééﬁé classroom.
Within-ciass ability grouping is virtually universal in elementary school
reading instruction; but is less common (thaugﬁ still widely used) <n
mathematics. In contrast to between—class sbility grouping, studies comparing
within-class ability grouping to whole-class instruction most often find
greater learning in the ability-grouped classes (e.g:; Begle, 1975; Dewar,
1963; Jones; 1948; Heathers, 1969:), although these effects are not entirely
consiste=t. If true, the disparity between the achievement effects of
within-class and between-class ability grouping is of great iﬁﬁb?taﬁcé. One
resson for such a difference in effects is suggested in a recent study of
within- and between-class ability grouping of fourth graders by Rowan and
Hiracle (1983), who found that; controlling for studemt ability, students in
lower—-track classes received a slower pace of instruction than studéﬁts in
higher-track class, but students in low reading groups received a faster ﬁééé
of instruction than those in high reading groups (i.e., they covered more
reading levels ﬁéE unit time). Faster pace was found in this study and others
(see Brophy; 1974) to be associated with greater learning. 4lso, low-track.
classes may be difficult to teach because of concentrations of behavior
classmates do not value learning. In contrast, low ability groups in
heterogeneous classes may be siperior on these counts to low—track éiééééé
because students in the low ability groups are still members of a class that
has norms for appropriate behavior, is high in morale; and values learning

—2-
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(see Slavin & Karweit, 1984).

A third prevalent means of accomodating diverse learning needs- is
individualized instruction (Glaser, 1965); in which students work on materials
at their own level and rate. Evaluations of individualized instruction in

mathematics have not generally found benefits of these strategies for student

and tack of direct instruction characteristic of individualized systems. An
individualized instruction model directed at solving these problems by the use

of cooperative learning teams and regular teacher-led instruction in small

press; Slavin, Madden, & Leavey, in press).

The present research. The purpose of the present research was to

investigate the mathematics achievement effects of three commonly proposed

methods of dealing with student heterogeneity: individualized instructionm;

within-class ability grouping; arnd whole-class instruction. The strategy

adopted was to compare the effects of mcdels Eyﬁifiiﬁg each of these levels of

more effective.than traditional instruction. The whole-class model was the

Missouri Mathematics Program (MMP), an instructional program éﬁﬁﬁééiziﬁg a
high ratio of active reaching to seatwork, frequent feedback, smooth

of ocutstandingly effective traditional teackers (Good; Grouws; & Ebmeier;
1983). The MMP has been found to be more effective than control methods in
; 8 '
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increasing student achievement (Good & Grouws, 1979). The ability-grouped
method, Ability~Grouped Active Teaching (AGAT), was designed for the present
study (Slavin & Karweit, 1983) to incorporate the major principles of the MMP
in the context of a system employing two éﬁiiify—ﬁbﬁbgeﬁebus.ﬁéfﬁ groupss
Finally, the individualized instruction model was Team Assisted
iﬁdividuéiiza;ibﬁ (TAL), discussed earlier. |

desegregation plan; and the second in relatively homogeneous rural classrooms
that used between-ciass ability grouping to reduce the heterogeneity of
mathematics classes. It was hypothesized that the instructional programs most
directed toward accomodating student heterogeneity, TAL and AGAT, would be
most effective in heterogeneous ééttiﬁgé and for students furthest from the
class mean in past performence, while the group-paced instructional program
(MMP) would be most effective in relatively homogeneous settings and for

students closest to the class mean in prior performance.
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Experiment 1: Methods

Subjects. The subjects in Experiment 1 were 354 students in 16 grade 46
classes in one of the Wilmington, Delaware school districts formed as a

consequence of an extensive desegregation plan. Approximately 71Z of the

students were white, 26% were black, and 3% were Asian-American.

Treatments. Classes and their teachers were randomly assigned to three
experimental trestmentr. Teachers in each of the treatments received three

“ - 3 T T T T e N 3 g - . N . . C g . é’
hours of training; and were then assisted with implementation in the early [\
weeks of the program, which took place over a period of 18 weeks in Spring,

1983. The treatments were as follows: - P

<4

1.

issouri Mathematics Program (MMP). The MMP (Good, Grouws, & Ebmeier,
1983) is a whole-class, group-paced mathematics program whose principal
features were derived from studies contrasting the teaching strategies used by
whole-class teachers whose classes consistently performed well to those used
By téﬁcﬁéts vﬁasé classes did poorly. It consists of a regular sequence of

1= i mw —y - - .. Zé,,’,,,,,,,,’,,,, il o iy e o e
teaching, controlled practice,; independent seatwork, and homevwork,; with an

emphasis on a high ratioc of active teaching to seatwork, teaching mathematics

in the context of meaning, frequent questions and feedback, rapid pace of
instruction, and management strategies intended to increase student time

on-task: _The training for the MMP was conducted by Dr. Thomas Good, its

principal developer.



ar

2. Ability Grouped Active Teaching (AGAT). AGAT was developed for the

present stidy as a means of applying the main principles of the MMP to an
ability-grouped method (Slavin & Karweit; 1983). On the basis of an initial
tést; students in each AGAT class were divided into a high group {(about 602 of
the students in each class) and a low group (40% of the students): Teachers
were instructed_to differentiate pace and materials for the two groups, in
particular to ﬁdéﬁ the pace for the high g?bﬁp. Iii most other respects; AGAT
was quite similar to the MMP. It emphasized a high ratio of active

(derived in part from the work of Anderson, Evertson, and Brophy, 1975; and
Clements & Evertson, 1982) designed to minimize the management problems
characteristic of ability-grouped instruction and maintain high time on-task.

The training for AGAT was done together by the first author and Dr. Good.

3. Team Assisted Individualization (TAI): The individualized model used

was ‘tesi Assisted Tndividualization: TAI has been described in detail
clsewhere (Slavin, Leavey, & Madden, in press). Briefly, students in TAI
worked iﬁ heterogeneous four or five-member learning teams on individualized
sathematics materials at their own levels and ratés. Students within the

teams helped one another with problems and took responsibility for almost all

checking, routing; and other management tasks ifhérent in &an individualized

program: This student management freed the teacher to work with three
regularly constituted teaching groups composed of students (drawn from many
teams) performing at the same level in the materials: At the end of each

certificates. Team rewards of this type have been found in many previous

studies (Slavin, 1983a, 1983b) to increase student motivation and achievement:
-6—
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TAI resembles earlier individualized models (see, for example, Talmage,

1975) in its use of individualized materials that students complete at their

teaching groups), student management, cooperative learning teams, an

cooperative incentives.

California Achievement Test scores were used as covariates for their

respective CTBS scores. That is; CAT Computations ﬁéé used as a covariate for

CTBS Computations., and CAT Concepts and Applications was a covariate for CIBS
Coticepts and Applications. Because of the different tests used at different
grade levels, all scores were transformed to T scores (Mean = 50, S.D. = 10),
and then CTBS scores were adjusted for their corresponding CAT scores using

separate linear regressions for each grade: These adjusted scores were used

level.
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2; Attxtudes. Two/elght—ltem attltude scales were given ds pre- and

part of my school day") and Self- Concept in Math (e.g+, "I'm proud of my math
e - - - S e o
. work in this class;" j"I worry a lot when I have to take a math test"); For

each iféﬁ; students marked elther YES! ,'yes; no, or NO! Scores of negat*vely

/

attitudes. Coeff1c1ent alpha re113b111ty estimates on these scales were
édﬁﬁﬁtéa in an éétlier study (Slavin, Eeavey; & Madden; in press) and fOuﬁa to

'Eé .86 and .77. téépectiveiy; The range of possible scores on both scales was

8 to 32, with a midpoint of 20.

3; Behav10r31 Observation. Two forms of behavioral observation were used,
primarily to determine adequacy of lmplementatlon of the varioiis methods.
First, TAI, AGAT; and MMP classes were observed to see that the main
components of each treatment were in place. However, many of the ééﬁﬁéﬁéﬁfé
of the MMP and AGAT treatments were too subtle for simple implementation
checks, so for this reason, more systematic observations were made in these

classes: These observations took place for an average of three full

méfﬁéﬁéilcs periods per class distributed over the course of the éiﬁétiﬁéﬁtf

Béétﬁbtk; and test—taking, ~nd the percent of tlme students spent on-task.

The observation system was derived from Karweit and Slavin (1981).



the .major components of their methods. AGAT and MMP-students spent similar

respectively), Eut as expected, AGAT students spent much more time in
seatwork: 54.0% vs. 22:3% for MMP. AGAT teachers spent more time *eaching
the class (82:.3% vs: 73;225,’ but of é;ﬁféé each student in AGAT received an
éiiéi;égé of half this smount of teacher instruction.

Achievement. The adjusted CTBS?scorés were analyzed by means of
random-effects nested analysis of variance; similar to analysis of variance
using class means. The factors.in the aﬁéiyaig were treatment and
class/teacher within treatment. The mean square for treatment was tested
against that for class/teachér within treatment, which was compared in turn to
the within-cells error: mean square. If the overall nested analysis of

variance was statistically significant (p< .10 or better), .individual-level

Table ] summarizes the means and standard deviations of the CAT and CTBS
scalee and the adjusted CTBS scores in T scores and grade equivalents. The

w
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adjusted for differing numbers of students in each grade/treatment cell, and
their standard deviations are computed as within-grade standard deviations.

Initial tests for pretest differences using the same statistical procedures
as in the main analyses revealed no 5§ééége,aifféféaaéé for -Computations; but
despite random assignment, there were Ei?giﬁéiiibéigﬁifiééﬁi diffeisnces for
Concepts and Applications (F(2;13) = 2.91, p<.09); due to high pretest scores
/féi TAT classes and low scores for MMP classes. Analyses involving Concepts

U s
! and Applications must be interpreted cautiously in light of these initial

differences.

-t B = e B 2 P s e s e e W ot

Table 2 presents the resilts of the nested analyses of variance for the
achievement measures. For Computations; the nested analysis was statisticaliy

significant (F(2, 13) = 6.27, p<.012), but there were no effects on the

produced F(2; 13)=7:22; p<:008: Individual ébﬁﬁétiébﬁé*ﬁﬁégg treatment
'Computations means revealed that TAI and AGAT means were nearly identical, but
both were substantially higher than MMP. . Table 2 presents the mean

the standard deviation) and in grade equivalent differences. As the table ..
indicates, both TAI and AGAT classes exceeded MMP classes by 752 of a standard
deviation, or approximately 1.17 grade equivalents.

-10~ 17




Tables 3 and 4 About Here

(9]

Attitudes. Table 3 presents the means and standard deviations of the two

questionnaire scales. The data were analyzed as for the achievement analyses.

There were marginally significant pretest differences on Liking of tath Class

(F(2, 13)= 3.08; p<.08),; due to low pretest score: in the MMP classes. No

differences were found on Self-Concept pretest scores.

Table 4 summarizes the results of the attitude analyses. For Liking of
Math Class, the overall nested analysis was statistically significant
(F(2,13)= 4.06., p<.043). Modified Bonferroni comparisons revealed that the
differences were due to low scores in the MMP classes; TAI and AGAT did not
differ. On the Self-Concept in Math scale; the nested analysis was also
significant (F(2, 13)= 4.15, p<.040); but in this case, TAI stidents scored
much higher than AGAT and MMP students, who did not differ from one another.
On both scales, it is interesting to note that nome of the treatment- groups

improved in attitudes over time; the treatment effects came about more as



Treatments: Classes and their teachers were randomly assigned to four

experimental treatments. Three of these were the MMP, AGAT; and TAI methods

described above; the fourth was an untreated control group. Experiment 2
began two weeks after Experiment 1 and continued for 16 weeks in Spring, 1983.
In all other respects the treatments; training, observatioms, and other

/ 3 -~ e B
procedures were the same as in Experiment 1, except that Dr. Good was unable

to participate in the training:

Hé”';;gi. The measures were the same as in Experiment 1, with students in
grades 3 and 4 taking Level 2; Form S of the CTBS and fifth graders taking
Level H, Form U. Also, because CAT’s are given in the fall in grades 3 and 5
but not grade 4 in Maryland; CAT scores for third and fifth graders were
técéﬁt. but those used for Fourth graders were their third grade scores.
Because posttest Bcores were adjusted for the CAT s separately for each grade

level, this should make little difference in the amalyses.
Experiment 2: Results

“

Igpiementation and Tiiie Use: All TAI; AGAT; and MHP teachers were found to
be implementing the major compoments of their methods. Time use in the AGAT,

MMP, and Control ciasses corresponded closely with expectations. Time on-task

was greatest in MMP (94.3Z% of instructionmal time), less in Control (87.2%);
instructional time), intermediate in Control (3%.6%), and greatest in AGAT

instruction.

1219



Achievement. Analyses for Experiment 2 were the same as for Experiment 1.

Table 5 summarizes the means and standard deviations of -the achievement

measures. Pretest differences were not statistically significant for -
Computations, but.despite random assignment, there were statistically

significant differences on.Concepts and Applications (F(3. 18)= 3.89, p<.026),

due to .iigh pretest scores in AGAT classes and low scores in Control clases.

Tables 5 and 6 about here

As is shown in Table 6; the overall nested analysis of variance was

- marginally significant for Computations (F(3,18)=2.71, p <.076). Modified
Bonferroni comparisons indicated that as in Experiment 1; AGAT and TAI did not
differ in effects on Computations; but both were superior to MMP. All three

experimental conditions exceeded Control. Also, as in Experiment 1, the

nested aualysis of variance for Concepts and Applications did not approach

Attitudes. Tables 7 and 8 present descriptive statistics and analyses,

statistically significan

pretest differences on either attitude scale: For

Liking of Math €lass; the overall nested analysis of variance vas

statistically significant (F(3;18)=5.41; p<.008); with modified Bonferroni

comparisons indicating that TAI students significantly exceeded all others,
\ -

-13-
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Interactions

or sex. Individual-level analyses of covariamce were conducted to test for
such interactions with treatment. Students were trichotomized on: a) absolute
past performance (the meam of their standardized CAT pretests); and b)
performance relative to their awﬁ class averages. The resulting analyses of

achievers). Because of the great power of the individual-level analyses, an
alpha criterion of .01 was chosen for tests for imteractioms:. Contrary to g
expectations; no interactions between treétmeﬁt and absolute or relative

achievenent level, sex, of race were found in either experiment (race by

treatment interactions were tested in Experiment 1 omly):
Discussion

There is @ remarkable degree of commonality of findings fégéidiﬁg student
Tndividual ization (TAL) and Ability Grouped Active Teaching (AGAT) increased
computational skills markedly more than the Missouri Mathematics Program (MMP)
and; in Experiment 2; an untreated control condition. In neither experiment
~14-
\‘1
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were any differences between TAI and AGAT found; and in neither were there
statistically significant differences in Concepts and Applicatioms. iﬁé
similarity in achievement effects was particularly striking in 1ight of the
differences between the urban, integrated, untracked schools studied in
Experiment 1 and the rural, mostly white, trackéd schools involved in
Experiment 2. Along the same lines, it was surprising to finé that the

achievement effects were main effects; mno statistically significant

interactions were found between treatment and either absolute levels of prior

achievement or prior achievement relative to class means. These findings

performing farthest from their class means and in settings with the greatest
degree of student heterogeneity.

One difficulty with the data from the present study is pretest differences.

Despite random assignment; ﬁfétéét‘diffétéﬁéés were statistically significant

nd though not statistically

for Concepts and Applications in both studies; a
. . . . - S
significant for Computations in either study; they were large enough to

“in the present studies the magnitude of treatment effects on Computations

might be overstated because of pretest differences, but the effects themselves
cannot be entirely ascribed to pre-tast &ifféféﬁéés; For example, the
difference between TAT and MMP increased over the course of Experiment 1 from
.36 standard deviation ﬁﬁiEE to :81 Eﬁiié; and in Eiﬁé?iﬁéﬁi 2 from -15 Bﬁifé
to .41. , The AGAT-MMP difference increased from .14 standard deviation units
to .56;i§ Experiment 1, and from .33 to .62 in Experiment 2. These effects

. -l5-
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important implications for sevetéi research traditions: The success of TAI in
increasing student achievement tépiicatéd findings of earlier studies
evaluating this method (Slav1n, Leavey, & Madden, in press; Slavin; Madden, &
Leavey; in ﬁfééé); 1end1ng further support to Slavin’s (In press, a) predlctlon
that if inherent problems of méﬁagemeﬁt; motivation, and lack of direct:
instriction could be solved, individualized instruction could be made
iagtiuatiaﬁaif§ effective. The positive effects of TAI also support the
utility of student learning tesms for student motivation and instructional
management (Slavin, 1983b).

iﬁé success of the AGAT brééi&ﬁbaéé Ebféxéﬁiﬁtiéiﬁg. While pfévibus

effects of AGAT seen in the préééﬁt stud1es fiay be die to the specific method
of nmplementing within-class ab111ty group1ng, which specified class
mauagement strategies derlved from the work of Anderson, Evertson, and Brophy
(1979) and Clements and Evertson (1982) Within-class ability grouping may bé
seen as produc1ng galns in 1nstruct-ona1 effectlveness by prov1d1ng
iﬁéffﬁétiEﬁél effectiveness due to the difficulty of managlng mu1t1p1e ab111ty.
groups. I these ﬁaﬁagéﬁéﬁt problems can be solved; within-class ability
grouping may be a particularly effective ﬁfaeéaufé (see Slavin & Karweit,
1984). Finally, the success of the MMP relative to uitreated control classes
in Experiment 2 replicates ééfiié? work by Good et al. (1983); reemphasizing
the importance of active teaching Aﬁa'éfééc:ivé fianagement strategies in the
context of group-paced instruction.

~16-



The failure to find any statistically significant interactions was

unexpected and intriguing: If AGAT and TAI are effective even in part because
they increase appropriate leveils of instruction for students; they should have
especially strong positive effects on the achievement of students farthest
from the éié;é mean in prior ﬁéfféfﬁéﬁéé; The fact that the positive effects
of these programs were equal for all students might suggest that they are
effective not because they accomodate heterogeneity in student preparation and
learning rate, but because they provide more effective instruction in general.
For example, it is important to note that both AGAT and TAI are highly

| structured instriuctional models. Teachers and students know what they are to
do at any given moment. In contrast, the MMP involves subtle (though

could mot be easily discriminated in observations: It may be that the
strucfurea'nature of the AGAT and TAI treatments ééﬁé?iﬁﬁfé& to their
effectiveness: 1In fact; it might be argued that these methods; because of the
~éxpii§if directions for teachers and well-specified routines EBEléfﬁaéﬁtég
might be more faithful operationalizations of the principles on which the MMP
is based than the MMP ifgéif; and the more positive ;éﬁiéééﬁéﬁt effects
observed for these methods might validate rather than repudiate these

principles.

The results of these éipériﬁépté should give pause to any who might
overemphasize the importance of time on-task or of teacher-directed
instriction as opposed to seatwork. The issue is more complex than might have
been assumed earlier. Comparing MMP to Control, greater teaching.time and
slightly higher time on-task for the MMP may be at least partially responsible
for the superiority of the MMP on Computations in Experiment 2. That is, a
high percent of time on active instruction and high time on-task may make &

-17= 7
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difference in the context of group—paced instruction. Outside of that

context, though, the effects of time on-taek are much less clear. In both

experiments, AGAT students spent more than twice as much of their time im

' AGAT students learned more than did MMP or Control students. It might well be
the case that among AGAT classrocms or among TAI classrooms; the amount of
. active teaching and time on-task would make a difference in the predicted

direction; but comparing across methods is another matteér. In traditional
group-paced teaching; seatwork may be léss than optimally effective not

needs of various students, many of whom are either practiciiig errors or

working problems they already know how to do (see Anderson, 1981). 1In AGAT

keyed to students’ individiual needs.

The failure in both studies to find any treatment effects on Concepts and

.
\'—\

. ol .
discrepancy,; which is not uncommon 1n research on mathematics instruction, 1s

Applications comtrasts sharply with the findings for Computations. This

probably due to relatively low correspondence between what is taught in school .
and what is tested by the Concepts and Applications scales. While virtually
all skills tested on the Céﬁﬁﬁtétibﬁé scale are taught iﬁ school, Concepts and
Applications tests include many items that appear to tap general aptitude
rather than school learning, as well as many word problems that depend as much

on reading skill as on mathematics knowledge-



At least as far as computational skills are concerned; the results of the
present studies provide striking evidence that methods which include means of

within-class ability grouping in gemeral. Previcus re

earch has clearly

indicated that individualized instruction as usually structired is no more
effective than traditional methods in mathematics (Miller, 1976; Schoen,
1976), and within-class ability grouping is only inconsistently more effective
than traditional methods (Begle; 1975): What the results of the present

studies do mean is that if problems of management and motivation inheremt in

e -
attitudes toward math class than was MMP or (in Experiment 2) untreated

AGAT on this variable. = TAI students reported more ﬁasi§iva sel f-concepts in
mathemdtics than AGAT or MMP students in Experiment 1, biit there were fo
differences on this variable in Experiment 2. The positive effects of TAIL on
student attitudes replicate findings for cooperative learning methods in
general (Slavin, 1983a) and for TAI in particular (Slavin, Leavey, & Madden,
in press). In addition to positive attitudes expressed by students, teachers

also responded favorably to the TAI program: On questiornaires givem at the

Z19=



about their methods. At the end of the experiments, teachers were allowed to
choose any method other EE;E the one they had used before in which to receive
training and materials: Every eligible teacher chose TAI, and every TAI
teacher has continued to use the program during the next (1983-84) school -
year: None of the AGAT teachers continued to use the program. One possible
reason for the relative unpopularity. of the A&Ai treatment is the amount of
teacher work required; 88% of the AGAT teachers felt that AGAT required more
work from them than their usual methods, while only 40% of TAI teachers a;&
25X of MMP teachers responded this way:

The outcomes of the present studies suggest many directions for further
tesearch. First, the effects themselves (particularly the effects of AGAT)
should be replicated in field experiments involving larger numbers of teachers
and classes at each grade level ——combining across grade levels; necessitated -
by the small number of classes invbivé&?’ may have obscured important
developuental trends. Also, the unfortunate pretest differences on some
effects observed. - Adjustment of posttests for pretest scores only partially
solves this problem; Ffurther replication is clearly needad. Second, more
detaiied and extensive observations of treatment implementation and collection
of data on-such variables as student motivation and perceptions would allow
for better understanding of how and why the various methods produce their
cffects. Finally, component analyses of the complex TAL and AGAT programs are
needed to establish which elements of these programs .affect student
achievement.

One major drawback of recent research on teaching (e:g:; ﬁféf;ﬁ?; 1979) is

+KZs i+ 1assale rAn@ieta nf rnréalatisnal (nracsrs-prodoct) studies relating
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classrooms. Although this line of research has added much to our
understanding of effective teaching practices, its correlatiomal nature makes
it subject to errors in understanding direction of causality, amnd its

range of current widespread practice: Stavin (in press a) has called for a

movement in research on teaching toward experimental studies eveluating

in this direction, focusing on means of accomodating heterogeneity in
mathematics instruction. Much work of this kind remains to be done before we

will have a true scientific basis for instructional practice.
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Table 1

Means and Standard Dev1at10ns in T- Scores
and Grade Equivalents,; Mathematics Achiévemerit MeaSUres, Experiment 1

Computations Concepts and Applicacions
CAT(Prej CIBS(Post) Adjusted CAT(Pic¢) CTBS(Post) Adjusted
TAT T  52.03 53.50 52:66 54.23 53.00. 49.84
S (10:73) (9:83) (8.86) . (10.78) €10:84) (6.87)
G.E. 5.51 7:16 7.601 6.07 7.12 6.57
S (1:12) (1:74%) (1:56) (1.53) (1.87) (1. 19)
N 122 : 123
AGAT T 49:77 52.48 52.67 49.11 49.77 50:41:
s - (10:21) (9.60) (8.55) - (8.65) (8.77) (7:11)
G.E. =~ 5:28 6.98 7.01 5.3% . 6:.56 6:67
S (1:97) (1.69) €1.51) (1.23) (1:51) (i.23)"
N 89 89
MmP T 48.40 45.44 46.04 46.90 47:.55 49.88
s (8.85) (8.51) (7.60) (8:71) (9:24) 6.51)
G.E. 5.13 5.74 - 5.84 5:03 6.18 6.58
- § {0.92) (1.50) (1:34) (1:24) €1.59) (1.13)
N 142 ’ 142
TOTAL T  50.00 50.00 50:00 50.00 50.00. 50.00
S (10.00) (10:00) (8:89) ¢10.00) (10.00) (6.77)
G.E. 5.30 6.54 6:54 5.47. 6.60 6.60
S (1.04) (1.76) (1:57) - (1.42) (1.72) (1:17)
N 353 354

Note: Table entries are T scores (Mean 50 S.. Df:lQ) computed separately for

_each grade level. Adjusted scores are CTBS (Post) scores adjusted f01

CAT (Pre) scores separately for each grade level.




Tablé 2
Results of Nested Analyses of Variance, Adjusted
Mathematics Achievement, Experiment 1

Computations ‘ S Cotcepts and Appiications

ment 2
s/Tedcher 13
in Treatment

- (Within 337
5 )

Ms. _F & d.f, Ms. F. 3<%

18.61 6.27  .012 5 0.1 0.13  n.s.

2.97 4:95 001 13 0.77  1.73 .05 .

rences between Adjusted Means in
t Sizes and (Grade Equivalents); Computations

TAL AGAT

—== 060 ‘,
(,00)

——

MMP
75w
(+1.17)
75k
(+1.17)

.001 Using Modified Bonferroni Procedure
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, Table 3
Means and Standard Deviations,
Attitude Scales, Experiment 1

Liking of Math Class " Self-Concept in Math
Pre Post Adjusted Pre Post Adjusted
25.15 25.16 24:67 24.10 25.01 24.70
5:35 4.78 - 4:06 4.65  4.11 3.35
120 - 117

“TAI

Z ;x| |

24:99  2h.48  24.06 24.15  23.31  22.98
5.04: 4.90 4.41 4.12 444 3.57
86 - 80

Ziwn )|

""" 22,71 21.65  22.35 22.86  22:68—23:13
5:96 - 6.01 5.42 4.66 75.10 4.09
135 - . 139

Zun

TOTAL 24.14  23.
5

0  23.60 23.60  23:64  23.64
5.63 5

3.6 3. 6¢ 7 4
4.83 4.56 4.72 3.80
1 ' : 336

Z Uy |

Note: Table entries are raw scores from 8-item attitude scales. Range
of possible scores: 8-32. Adjusted scores are posttests adjusted
for pretests. ‘




Table &
Results of Nested Analyses of Variance;

Adjusted Attitude Scales, Experiment 1

~ Liking of Math Class
—d.f. M:S; F

Source of

5%

Self-Concept in Math

d.f:

M:S: F

Variation
Tréatment 2 183.74  4.06 z
class/Teacher B o
Within Treatment 13 45.28
Error (within . o
cells) 325 21.43

.043 z
13

320

101.86 4.15

' 24.52 1.82

13:45 C

Differences between Adjusted Means

D;fféiéﬁéééﬁéthééﬁ Aﬁjﬁstéa Means
in Effect Sizes; Self-Concept in Matl

in I'ffect Sizes; Liking of Math Class

TAal  AcAT

TAI -— +.13 +obBRxx
ACAT +.35%%*

P -——=  MMP

p Z .01 Using Modified Bonferroni Procedure

p 4 .001 Using Modified Bonferroni Procedure

TAT AGAT MMP

""" +. 41 %%

.04



Table 5
Means and Standard Deviations in T-Scores

and Grade Equivalents, Mathematics Achievement Measures, Experiment 2

Computations

CAT(Pre) CTBS(Post) Adjusted CAT(Pre) CTBS(Post) Adjusted

TAT

AGAT

P

TOTAL

€ o
Zzumneg Zumed

o
Z it v

51.35
€9.035)

4,64
0.79)

(8.81)
4.79
(0.77)

49.84 -

(10.76)
4251
(0.94)

45-91
(9:41)
4:16
(6.32)

pea LN,

[« JF NN
[0 - W, Blen Blen)

)

iSO

7~~~

52.92
(9.65)
6.31
(1.51)
112

54.99
(10.12)
6.63
(1:58)
98

48,80
(8:24)
5.66
{(1.29)

162

44.15
9.29)
4.94
(1.45)
106

/50.00
(10.00)
5.85
(1.56)
478

Note:

Table entries are T scores (Mecan=50,5.D.=10)

each grade level:

'CAT (Pre) scores separate

51.83°
(7.98)
6.14
(1.24)

53:49

(8:58)

16:40
(1.34)

48.92
(7.54)

5.68.
(1.18)

52.21
(8:96)
5:36

(1:16)

55.40
€10.46)
5.77.
(1.35)

48.19
(8.91)
4.84
(1.15)

45:39

(9:27)
4:48

(1:20)

50.00
(10.00)
5.07.

(1.29)

5t.07

(9:15)
6.03

(1.62)
114

57.05
(9.90)
7.09
(1.76)
98

47.92
(9:10)
5:47
(l1:61)
162

45.51
(8.48)
5.05.
¢1.50)
106

computed separately for

" Adjusted scores are CTBS (Post) scores adjusted £

1y for eacli grade level:

- 49.27.

€7.13)
5.71
(1.27)

53.31
(7-.26)
6.43
(1.29)

49.21

(6:55)
5:70

(1:16)

48.93

 €6.01) .

5.65.

-(1.07)
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Table 6

Rcsults of Nested Analyses of Variance, Adjusted

Mathematics Achievement, Experiment 2

Computati

Source of o T j _
Variation d. £, _M.S. F p<

Treatment 3 C10.22 2,71 076

Class/Teacher 18 3:78 7:43 001

Within Treatment

Error (within 456 - 0.51
cetils)

Concepts and Applications

d.f

M.S.

4.52

Differences between Adjusted Means in
Effect Sizes and (Grade Equivalents); Computations

TAI - AGAT MMP CONTROL
TAI . — =.20 +.35%% 4 BhEkwE
(-.286) (+.46) + .8%)

HSSRRR d Bl
(+:72)  (+1:10)

AGAT —
MMP , — + $29%
(+ :38)

CONTROL _—

% R - B JE [ e
 p& .05 using  Modified Bonferroni Procedure
wx T Tm e e

’ < 01 using Modified Bonferroni Procedure

bkk

p<.001 using Modified Bonferroni Procedure

-




Table <7

Means and Standard Deviations,
Attitude Scales; Experiment 2

‘Liking of Math Class S onceptin Math
Pre =  Post Adjusted Pre Post Adjusted

54.61  26.46  26.90 . 24.71  24.50  24.24
5.91 4.93 4.51 4.60  4.67 404
o 95 - , ! -

TAL

2

AGAT 26.07- 24.76  24.30 25.07  24:83  24.36

= U |

45.77 . 5.3% 4 .45 4.58 4.52 3.55
90 L ) .

25.46°  25.33  25:24 23:84  24.56  24.81

4.85 5.4% 4:49 4.64 4.80 3.81
153 157

2w M

o v

25.07  22:81  22.97 23.78  24.88 . 25.17
5.99 6:63 4.54 - 4.57 . 4.29 . 3.40
86 .. 93

~24 0 1|

25.32 2 24.95 24.27 24.67 24.67
3.73

5:33

Zin ||
N N
£0 U
i
N
)
o
[s))
N
EFal
e
(o))
o

Note: Table entries are raw scores from 8-item attitude scales. Range
of possible scores: 8-32. Adjusted scores are posttests adjusted
for pretests.




Table 8
Results of Nested Analyses of Variance,
Adjusted Attitude Scales, Experiment 2

Source of " Liking Of Math Class o D oncept 1in
Variation ~d. .- M.s.  F . p<& —defr MiS. _F P

[reatment 3 249.70 5.41  .008 _ 3 . 17:38  0.52 s

class/Teacher o B o o o
Jithin Treatment : 18 _46;17 2.42 .001 ' 18 33;38_ 2:56 :001
irTor (within ' '
~e1ls) 402 19.04 413 13.03

yifferences between Adjusted Means
n Effect Sizes, Liking of Math Class

o AGAT - MMP CONTROL

AT ——  456%kk 4 36%k% 4 BhEEE
caT - —- -.20  +.28

MP. S D e +;t§*;*
ONTROL . _—

X & 0l Using Modified Bonferroni Procedure

Xk - oo - , o :
p < .00l Using Modified Bonferroni Procedure v ;




about their methods. At the end of the experiments, teachers were allowed to
choose any method other than the onme they had used before in which to receive
training and materials: Every eligible teacher chose TAI, and every TAI
teacher has continued to use the program during the next (1983-84) school

year. None of the AGAT teachers continued to use the program. One possible
reason for the relative unpopularity. of the AGAT treatmeint is the amount of
teacher work required; 88% of the AGAT teachers felt that AGAT required more
work from them than their usual methods, while only 40% of TAI teachers a;&
25X of MMP teachers responded this way:

The outcomes of the present studies suggest many directions for further
research. First, the effects themselves (particularly the effects of £G£T5
should be replicated in field experiments involving larger numbers of teachers
and classes at each grade level ——combining across grade levels; necessitated -
by the small number of classes invéivé&?’ may have obscured important
developmental trends. Also, the unfortunate pretest aifféféﬁééé ‘on some
effects observed. - Adjustment of posttests for pretest scores only partially
solves this problem; Further replication is clearly needed. Second, more
detailed and extensive observations of treatment implementation and collection
of data on - such variables as student motivation and perceptions would allow
for better understanding of how and why the various methods produce their
effects. ﬁiﬁéiiy; component analyses of the complex TAI and AGAT programs are

needed to establish which elements of these programs .affect student
achievement.

One major drawback of recent research on teaching (e:g-; Brophy, 1979) is
that it largely consists of correlational (process-product) studies relating

-20-
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understanding of effective teaching practices, its correlatiomal nature makes

it subject to errors in understanding direction of causality, and its

restriction to traditionally taught classrooms limits its prescriptioms to the

range of current widespread practice: Stavin (in press a) has called for a

movement in research on teaching toward experimental studies eveluating

alterable components of instruction: The present research represents one step

in this direction, focusing on means of accomodating heterogeneity in

mathematics instruction. Much work of this kind remains to be done before wve

will have a true scientific basis for instructional practice.
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Table 1

Means and Standard Dev1at10ns in T- Scores
and Grade Equivalents; Mathematics Achievement Measures, Experiment 1

Computations Concepts and Applicacions
CAT(Pre) CTBS(Pose) Adjusted CAT(PEQ) CIBS(Post) Adjusted
TAT T  52.03 53:50 52.66 54.23 53.00. 49.84
s (10:73) (9:83) (8:86) . (€10.78) (10:84) (6.87)
G.E.  5:51 7:16 7.61 ° 6.07. 7.12. 6.57
s (1-12) (1:7%) (1:56) €1.53) (1.87) (1.19)
N 122 : 123
AGAT T  49:77 52.48 52.67 49.11 49.77 50.41:
s (10:21) (9.60) ¢8.55) -  (8.65) (8:77) (7:11)
G:E. = 5:28 6.98 7.01 5.3% . 6.56 6:67
s (1:07) {1.69) (1.51) (1.23) (1:51) (1.23)"
N 89 89
M T 48.40 45.44 46.04 46:90 47.55 49.88.
5 (8.85) (8.51) (7.60) (8:71) (9:24) (6.51)
G.E.- 5.13 5.74. . 5.84 5:03 6.18 6.58
. §  {0.92) (1.50) (1.34) (1:24) ¢(1.59) (1.13)
N 142 142
TOTAL T  50.00 50:00 50:60  50.00 50.00. 50.00
s (10.00) (10:00) (8.89) €10.00) ¢10.00) (6.77)
G.E.  5.30 6-54 6:54 5.47 6.60 6.60
s (1.04) (1.76) (1.57) - (1.42) (1.72) (1:17)
N 353 354
Note: Table entries are T scores (Mean 50 S.. Df:lQ) computed separately fD]

[

. each grade level.

CAT (Pre) scores separately for each grade level.
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Table 2

Resuits of Nested Analyses of Variance, Adjusted
Mathematics Achievement, Experiment 1

o Computations - ' Conicepts and Applications
urce of S - : , =

bttt : ‘;* -Q- 7 3 '—.7. 7 é
irfation a-£ M.S. E p 4 d.f. M.S F —p=

‘eatment 2 18.61 6.27 .012 5 9.10 0.13  1.s.
ass/Teacher 13 2.97  4:95 .001 i3 0.77 1.73 .054
thin Treatment . - i

-vor (within 337 0:60 ~ " 338 0.45

zl!.s’) . : :

fferences between Adjusted Means in

‘fect Sizes and (Grade Equivalents), Computations

TAI AGAT MMP

I === L00  + TSk
(.00)  (+1:17)

T == v 7sem
° (+1.17)

< .00l Using Modified Bonferroni Procedure




, Table 3
Means and Standard Deviations,
Attitude Scales, Experiment 1

Liking of Math Class " Self-Concept in Math
Pre Post Adjusted Pre Post Adjusted
25.15 25.16 24:67 24.10 25.01 24.70
5:35 4.78 - 4:06 4.65  4.11 3.35
120 - 117

“TAI

Z ;x| |

24:99  2h.48  24.06 24.15  23.31  22.98
5.04- 4.90 4.41 4.12 444 3.57
86 - 80

Ziwn )|

""" 22,71 21.65  22.35 22.86  22:68—93:13
5:96 - 6.01 5.42 4.66 75.10 4.09
135 . . 139

2w

TOTAL 24.14  23.
5

0 23.60 23.60  23:64  23.6h
5.63 5

6 3. 6¢ 7 4
4.83 4.56 4.72 3.80
1 : : 336

Z Uy |

Note: Table entries are raw scores from 8-item attitude scales. Range
of possible scores: 8-32. Adjusted scores are posttests adjusted
for pretests. ‘
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Table 4

Results of Nested Analyses of Variance,

Adjusted Attitude Scales, Experiment 1

 Liking Of Math Class © Self-Concept_in Math
_ _F p*% d:fs M.S. F

Source of | ¢
Variation “d.f. M.S,

Treatment ) 18374 406 043 :  101.86  4.15

Class/Teacher L o B
Within Treatment 13 45.28 2.11 .013 13 24.52 1.82

Error (withim o o .
cells) 325 21.43 320 13.45

i Fferences between Adjusted Means Differences between Adjust
in Uffect Sizes, Liking of Math Class S i Btfoct Sizes, SELF-Con

AL MG MR | TAL  AGAT

TAI —- +,13 Ll i TAI — +. 45

AGAT —— 4 35kk% ; ACAT | L

5 Z .01 Using Modified Bonferroni Procedure

p & .001 Using Modified Bonferroni Procedure

ERIC | 38

Full Tt Provided by ERIC.



Table 5

Means and Standard Deviations in T-Scores

and Crade Equivalents; Mathematics Achievement Measures, Experiment 2

Computations Concepts and Applications

CAT(Pre) CTBS(Post) Adjusted CAT(Pre) CTBS(Post) Adjusted

51.35 52.92. 51.83 52.21 51.07 - 49.27
(9.035) (9.65%) (7.9%) (8:96) (9.15) (7.13)
4.64 6.31 6.14 '5:36 6.03 5,71
(0.79) (1.5 (1:24) (1.16) (1.62) (1.27)
112 114 -

TAT

o
=it -

53.16 54.99 53:49 55.40 57.05. 53.31
(8.81) (10.12) (8:58) (10.46) (9.90) (7.26)
4.79 6.63 - 6:40 5.77. 7.09 6.43
(0.77) (1:58) (1:34) (1.35) (1.76) (1:29)
98 98

AGAT

&
Z =
L ]
~
~
O

49.84 - 48.80 48.92. 48.19 47.92 49.21
(10:76) (8:24) (7.54) (8.91) (9:10) - (6:55)
451 5.66 5.68 4.84 5.47 5:70
(0:94) (1:29) ¢1.18) (1:15) (1:61) (1:16) :
162 162 :

P

(»}
Znitminng|

45.91 44,15 46.49 45:39 45.51 48.93

(9:41) (9.29) (7-97) (9:27) (8.48) (6.01) .

4.16 4.94 '5.30 4.48 5.05. . .5.65

(0.82) {1.45) (1.25) (1:20) (1.50) (1.07)
106 106

9 :
21m‘w‘mzﬂi

] '50.00  50:00 50.00 50.00 - 50.00

) (10.00)  (8:32) (10.00) (10.00) (6:92)

) 5.85_ 5.85 5.07 5.84 5.84

) (1.56) (1:30) (1.29) (1.77) (1:23)
478 480

TOTAL

-4

o \.CJ Q)
CN S Nl Nl |

Q
2zt e
L ]

”~
S OO

Note: Table entries are T scores (Mean=50,5.D.=10) computed separately £
each grade level. Adjusted scores are CTBS (Post) scores adjusted

'CAT (Pre) scores separately for each grade level:



@

Table 6

Results of Nested Analyses of Variance, Adjusted

Mathematics Achievement, Experiment 2

Computati

Source of o T j _
Variation d. £, _M.S. F p<

Treatment 3 C10.22 2,71 076

Class/Teacher 18 3:78 7:43 001
Within Treatment

Error (within 456 . 0.51

cells)

Concepts and Applications

d.t,

M.S.

4.52

Differences between Adjusted Means in
Effect Sizes and (Grade Equivalents); Computations

TAI - AGAT MMP CONTROL

TAT . == =.20 H.35%F 4 Ghkwk
(=.26) (+.46)  (+ -84)

AGAT — FLSSRRR 4 Bl
| (+:72)  (+1.10)
MMP _ , — + ;29%*
(+ .38)

CONTROL —=

wx T Tm e e
’ € 61 using Modified Bonferroni Procedure
5% . . L
P« .001 using Modified Bonferroni Procedure

.-

ek




Table 7
Means and Standard Deviations,

Attitude Scales,; Experiment 2

Liking of Math Class S nMath
Pre =  Post Adjusted Pre Post Adjusted

54.61  26.46  26.90 . 24.71  24.50  24.24
5.91 4.93 4.51 4.60  4.67 404
B 95 - , : .

TAL

2

AGAT 26.07- '24.76  24.30 25:07  24:83  24.36

= U |

.77 . 5.3% %.45 4:58 4,52 3.55
90 L )

25.46°  25.33  25:24 23:84  24.56  24.81

4.85 S.44 4.49 4 .64 4.80 3.81
153 157

2w M

o v

25.07  22:81  22.97 23.78  24.88  25.17
5.99 6:63 4.54 - 4.57 . 4.29 . 3.40
86 .. 93

=]
=1
ja]
Q.
b |
w1154}

A

25.32 24
5:.33 5

£0 U
Fo
N
)
Fa)
(o)
N
EFal
e
o))
o
()
~I.

K4
.69
424

Zin ||

Note: Tabie entries are raw scores from 8-item attitude scales. Range

of possible scores: 8-32. Adjusted scores are posttests adjusted
for pretests.




Table §

Results of Nested Analyses of Variance,
Adjusted Attitude Scales Experiment 2

Source of “* Liking of Math Class ~ Self-Concept in Math
[reatment 3 249,70  5.41 .008 3 17.38  0.52
,1ass/TeacheE S o o B o o
jithin Treatment - 18 46.17  2.42 .001 , 18 33.38  2.56

irror (within
~ells) 402 19.04 413 13.03

—

)1fferences between Adjusted Means
tpiiieet—Sszes, Liking of Math Class

™I AT P CONTROL
AL e bSGRkk 436k 4 gidk
GAT - =20 +.28
MP S - +.z;9*;*
ONTROL ; —

S .

_ p & .0l Using Modified Bonferroni Procedure

Kk - oo - - .
p & .001 Using Modified Bonferroni Procedure

,;isz '




