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Abstract

As a part of a search effort for curvilinear process-product relation-

ships, first grade reading and mathematics data from the Stallings and

Ka:.kawitz (1974) Project Follow Through Classroom Observation Evaluation

were reanalyzed using orthogclal polynomial regression methods. Seventy-

five classroom process variables were selected and entered into polz7

nomial regression analyses. Thirty-two of,ninety-five relationships

tested were found to be nonlinear. This, of course, is well beyond

chance. Fourteen of the nonlinear functions were quadratic in nature,

eleven were cubic, and seven were quartic. Fifteen of these functions

were related to mathematics achievement, and seventeen were related to

reading achievement. These results generally support the view that

relationships between some classroom process variables and studeLt

achievement are probably curvilinear. In turn, this finding seems to

raise a question about recommendations for instructional improvement

that are made based solely on linear a-+Rlyses of process-product study

data. This finding also provides additiOnal support for the argument to

employ both linear and nonlinear analyses in classroom process-product

research.
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I. INTRODUCTION

Improvement of the delivery of basic skills instruction to students

has always been the preeminent goal of educational R&D. But as vet research

has not found any Innovation of our educational system that consistently

relates, to outcomes in the traditional basic skills areas of mathematics.

and reading.

Nevertheless, new understandings regarding the relationship be-

tween classroom practices and student achievement, and of the change

process itself, provide one with a measure of hope. Medley (1978),

for example, has concluded that "where sufficient effort and resources

have been applied to the study of teacher effectiveness, useful and

dependable findings have emerged" (p. 22). And from tbe literature on

change one learns that there is increasing reason to believe that even

the best of innovations will not succeed unless they are the achievement

of ioint efforts of practitioners and researchers, and are differentially

employed by practitioners according to objectively determined needs at

thT,1e41 of intended use.

One prerequisite to the improvement of basic skills instruction

seems to be for researchers and practitioners especially--givea varia-

tions in student characteristics and in the goals of instructionto

understand better how classroom practices can be optimized in order to

maximize student achievement in mathematics and reading. In this respect,

Luccke and McGinn (1975) halie observed:

For us, advancement will come through an improved understanding of
what actually takes place in schools and classrooms. Studies using
educational production functions must attend more to variables per-
tinent to the educational production process. (p. 350)



In the last decade, well-designed and large-scale studies were im-

plemented to examine the instructional process in ratpect to student

outcomes. Medley (1977) has listed fourteen of thase process-product

studies and there are even more. History is certain to applaud the ef-

forts of all those associated with such research for it is already clear

that their wolk 1,as advarced greatly our understandings of teaching ef-

fectiveness. Nevertheless, it is probable that some of the conclusions

drawn from the results of those studies exclusively utilizing linear

production functions are in need of reexamination for reasons soon to

become apparent. Conclusions drawn from production functions which are

positive and linear would imply that "more is better" while a negative.and

linear function woula suggest that "less is better..." It is not unusual

for the linear results of precess-procluct research to be translated

into a "tentative" set of recommendations for instructional improvement

and then "universally prescribed." Soar.and Soar (1976) believe that

these types of innovations aLe limited:

They are simplistic in implying that if some of a behavior is good,
more is better; and once the question is raised, it becomes diffi-

.cult to imagine very many behaviors for which increasing amounts
would be unqualifiedly good. (p. 265)

The Soars continue their argument by indicating:

Advocates of change in teacher behavior do not often identify limits
for the 12havior they recommend increasing or decreasing. There. may,

of course, be a small number of measures for which straightline re-
lationships really are appropriate, such as negative affect. It would
hot be surprising if increasing amounts of this behavior were in-
creasingly destructive. But it seems doubtful that such relations are
typicah as the use of product-moment correlation implies. (p. 265)

2
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It has been advocated that nonlinear analysis should be performed

along with linear analysis. Brophy4and Evertson (1974), for example,

concluded:

The findings of, the present study . . . point to the need for rou-
tinely inveutigating nonlinear as well as linear relationships be-
J-Ween tear:her behavior and student outcomes. . . . The present study
has shown that many relationships which do not appear in correlational
analyses are revealed.when nonlinear analyses are p:trformed, and,

. more importantly, that most teacher behaviors are related non-linearly
to student outcome meraures. (pp. 166-167)

Soar and Soar (1973) reached a similar conclusion:

The methodological implication of these data appears to be a strong
argument for the importEmce of analyzing classroom data interactions
and nonlinear relations, since linear relations apparently represent
only-a small portion of the meaningful variance in classroom be-
havior and its relation to pupil gain. (p.-149)

Implicit in the above is the notion that linear production functions

should not receive exclusive consideration in teacher effectiveness researc4;

instead, researchers are urged to realize that some relationships more

appropriately are described by functions reflecting the law of diminishing

marginal productivity. Samuelson, for example, indicates that "some inputs

relative to other fixed inputs will, in a given state of technology.

cause total output to increase; but after a point the extra output re-

sulting from the same additions of extra inputs is likely to become less

aud less" (p. 52). The questions of concern here may be: How does stu-

dent achievement change with increasing inputs of one classroom variable

while alt o'..her variables remain fixed? And, are there optimal levels of

1:1
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a particular classroom practice that will tend to maximize student

achievement? This latter question leads us directly back to the issue

of nonlinearity.

A number of studies have reported nonlinear relations between mea-

sures of achievement and direct and/or proxy measures of classroom

practices (e.g., Coats, 1966; Brophy & Evertson, 1974; Loucks, 1975;

Soar, 1966,.1968, 1971, 1973; Soar & Soar, 1973). Soar and Soar (1976), for

example, reported:

honlinear relations were found between measures of achievement gain
aad measures of teacher behavior which appeared to represent teacher
limitation of pupil freedam in the development of subject matter
and thought. (p. 263)

Elsewhere, ;%1L4c. (1966) reported that "intermediate levels of teacher

control . . . produced more pupil change in desirable directions

than did extreme lack of teacher control" (p. 248).

Of course, L:ach findings as those reported above cannot be ignored

by any new effort to assist practitioners to improve their basic skills

instruction. Indeed, it would appear that recommendations for instruc-

tional improvement based solely on linear relationships may not only be

suLject to some error but, mo:e importantly, may inadvertently bypass

some important process-product relationships.

This secondary analysis effort should not be construed as strictly

exploratory; sufficient evidence is now available to suggest that non-

linear functions probably will be found in all large-gtale process-product

t
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research (e.g., Soar & Soar, 1973). Nevertheless, V.ils ieanalysis does

represent 2 attempt to confirm the view that the relationships between

certain classroom process variables and student achievement are curvi-

%
linear. Such additional evidence woulki not only clearly imply the use-

fulness of designing supervision and inservice training according to

indIvidually diagnosed teacher opportunities or needs, but would also

1,:ovide some of the data that could be used by teachers for diagnosing

and prescribing instructional modifications.

It is this latter need that is at.the heart of this current re-

analysis effort. It is proposed that both linear and curvilinear process-

product data sikuld be explored for their potential utility to improve

instruction in basic skills. Important relationships could then be trans-

lated for teachers in a form they themselves can employ to discover op-

portunities for self-improvement. A concrete example may be helpful.

The Basic Skills Component of the avelopment Division of Research for

1/

Better Schools, Iac., is i4 the process of field-developing models for

<a

assisting practitioners to improve their basic skills instruction. These models

assume that practitioners can and should compare their own classroom prac-

tices with reference functions (or tables) that relate the classroom

practices of others to student outcomes. Practitioners not functioning

it levels that insure maximum student achievement for a given combination of

students and instructional goals would welcome the opportunity to modify

either or both their behavior or classroom conditions. The use of both

linear and nonlinear process-product functions derived from large-scale

studies is seen as essential to this process.

5



Selecting_Data Sets for Reanalysi'.$

In selecting the Stallings and Kaskowitx (1974) data set for sec

ondary analysis, the following criteria were used:

1. Only data sets from major studies of classroom process-product re-
lationships were to be considered. In other words, each data set
was to include classroom process variables and student achievement
scores for a relatively large sample of classrooms.

2. Data sets were to be constituted so as to provide for the computa-
tion of residual scores. Such data sets were to contain student
initial ability and end-of-treatment achievement test scores
(or pretest and posttest scores) in the areas of reading and/or
mathematics.

3. Linearity of process-product relationships should have been assumed
but not actually tested during the'primary analysis.

4. The data should have been collected from elementary grade! (i.e., K-8)
classrooms.

5. Data sets were to be available for purposes of reanalysis.

6. Data sets were to be easy to access.

At least two data sets out of the sixteen major process-product

studies identified met criteria 1 through 5. These were the Follow

Through Classroom Observation Evaluation, 1972-1973 (Stallings &

Kaskowitz, 1974) and the Beginning Teacher. Evaluation Study: Phase II,

1973-1974 (McDonald & Elias, 1976). The Follow Through Classroom

Observation Evaluation data were available from SRI International

(T. Middleton, Follow Through Data Bank Manager), and the Beginning

Teacher Evaluation Study, Phase'II data, from ETS (F. McDonald, the

principal investigator). The Stallings and Kaskowitz data set



.
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was chosen for reanalysis primaiily because.it became available sooner

than the McDonalo an4 Elias (1974) data set.

rheorganization of t,12_.-ieer

This paper is divided into six sections. The sesond section,is

designed to provide an historical description of research employing

nonlinear methodology. It is essentially an annotated review of such

studies, and no sertous attempt.has been made to analyze or synthesize'

the methodology or 'results.

The third section briefly deRcribes the Stallings and Kaskowitz

(1974) study; methodology and results are described. The fourth

section discusses the data and methodology employed for this reanalysis.

The results of the reanalysis are described and discussed in the fifth

section. The sixth section summarizes the results.

7
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IL. AN HISTORICAL REVIEW OF PROCESS-PRODUCT RESEARCH
EMPLOYING NONLINEAR ANALYSIS

In this section, studies 1-Nolving some form of nonlinear analysis

of process-product related data are described. It is hoped that a sense

of methodological developments in

althougVno attempt has been made

or the results reported herein.

this area will become apparent,

to synthesize either the techniques

The Review

Perhaps the first researchers to "test" for nonlinear process-
.

product relationships were,Solomon, Bezdek, and Rosenberg (1963).

They related the behviors of twenty-four teachers in thirteen

adult-learning centers Lo studen hievement and attitudes in an

introductory American Government course. Teacher classroom behavior

was rated on two occasions in the middle of the.term by a team of

observers using an instrumen.t containing thirty-eight scales. At

the same ekme, tape recordings were made and later analyzed with respect

to the speech of teachers and students with statements being assigned

to broad categories, such as "interpretation," "factual," %organizing,"

"hypothetical," "opinion," and "personal preference; teacher feedback

to students was also analyzed. To complement the observational data,

two questionnaires were employed to elicit additional information. A
4

teacher questionnaire was used to obtain self-report data on teaching

goals and motives for teaching. Students rated a broad range of

toacher behavior:3 and reported their attitudes toward the instructor,

8
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tl* course, the amount of learning, and the amount r7 interest they

developed.

The four data-gathering procedures produced together 169 different

items referring to the behavior of teachers. These variables were

factor anilyzed and yielded the following eight factors, which provided

the basis for computing factor scores for classroom processes: (1)

permissiveness vs. control; (2) lethargy vs. energy; (3) 4ggressi3-
,..A.

ness vs. protectiveness; (4) obscurity/vagueness clarity/expressivs-

ness; (5) encouragement of content-related student participation vs.

nori-oncouragement of participation/student growth emphasis; (6) dryness

vs. flamboyance; (7) encouragement of students' expressive participation

vs. lecturing; and (8) warmth.vs. coldness.

The amount of learning acquired by students was.measured by

administering a multiple-choice achievement test at the beginning and

end of ehe semester. The specially constructed test contained two

pacts:. one part measured factual information, and the other measured

comprehension. Residual scores were computed, but because the corre-

lations between the residual scores and unadjusted gain scores weret.

so high, Solomon et al. decided to use the unadjusted gain scores as

indicators uf schooling effects. Attitudes toward the instructor, the

course, the amount of learning achieved, and the interest deveioped

wer i. assessed by use of the student questionnaire. Status attainment

scores were used in the analysis of attitudes.

Zeré-order correlations were calculated to determine the association

between the eight teacher factor scores and student achievement. On the



chance that some of these process-product relationships miglit prove

to be nonlinear, a series of 2 x 3 Chi-square analyses was conducted

by dichotomizing student scores into high and low categories based

Dn a median split and trichotemizing teachers into upper, middle, and

lower thirds according to their scores on each factor. Sixteen

Chi-square analyses were computed for the combinatidn of factor by

test complexity (i.e., factual/cuncrete, comprehension/abstract). In

addition, the analysis of variance technique was used to assens

context by process interactions.

The Chi-square technique produced only one significant finding

that Solomon et al. construed as possibly representing a nonlinear

outcome. (Actually, a polynomial regression analysis would be needed

to confirm the fact that the actual function is curvilirear, since

the Chi-square process could distort the true relationship.) The

classrooth factor found to be significantly related to gain in compre-

hensiQn was that of permissiveness vs. control. Other analysis revealed

thlt gains in factual information were related to teacher scores on

clarity/expressiveness and lecturing. In the judgment of Solomon et

al., these latter two factors "represent behaviors and qualities of

behavior which provide the most efficient way for a teacher to present

and transmit factual material" (p. 6).

Flanders (1970) indicated that "the main credit for identifying

and conceptualizing nonlinear (or curvilinear) relationships belongs

to Soar" (p. 403). This review of the literature suprprts this historical

view. In the first of a series of chiefly process-product studies, in

10

.14



which some form of nonlinear analysis was undertaken, Soar (1966)

examined how a set of presage and process variables was related to

student outcomes (i.e., products) in grades three through six. The

staffs of four elementary schools, consisting of fifty-seven teachers,

volunteered for the study. In the fall of the first year, data

colLection was begun with the administering of achievement, personality,

and creativity tests to all pupils; a group test of problem-solving

skills was also administered in each classroom. At about the same

time, teachers were administered self-report personality tests. During

the middle of the school year, classroom observations were conducted

using Flanders Interaction Analysis and the South Caroli Observation

Record. In the spring of the first and second years, stufnts

were readminist_.red the pretest battery as well as attitude measures.

Through the use of analysis of variance, Soar examined the cumu-

lative effect of different sequences of varying levels of classroom

conditions over a two-year period. The four classroom process factors

that had correlated most clearly with student growth the first year

(i.e., "teacher criticism," "extended discourse vs. rapid teacher-pupil

interchange," "pupil hostility vs. teacher support and pupil interest,"

and "indirect teaching vs. silence and confusion") were selected for

study over the two years. Teachers were assigned to high, middle, and

low categories on each of four process factors for each year. In this

type of analysis, one type of curvilinear relationship (i.e., an

inverted U shape (l) would be suggested by greater pupil growth for

the middle positions relative to low and high categories. The four



process variables were studied in relation to five student measures:

two achievement, two personality, and one dealing with creativity.

Student measures of residual true gain for the two separate years

were summed in order to yield a total residual true gain for the

two years of the project and, thus, served as the indicator of schooling

effect tor this aspect of the study.

Results of the teacher criticism factor across the achievement

and creativity measures seemed to suggest that for these two types of

measures high teacher criticism produced the least growth and that

moderate amounts of teacher criticism were optimal. The two personality

measures produced similar results. Soar interprets such findings as

perhaps indicating "that at least a minimum of control of deviant be-

havior is both necessary and desirable from the pupil point of view.

Perhaps the optimum of teacher criticism is more than the least which

is represented here" (p. 229). Another finding was that the trends

noted above were clearer for yhe second year than the first. Soar

telt that the data suggested "that what went on the year earlier

matters less in the amount of growth shown over two years than the

more recent influences do" (p. 228).

For the Indirect teaching factor in respect to achievement and

personality measures, the greatest desirable student change appeared

at intermediate values of the factor. This was not the case for the

creativity measure, where the optimal level for growth was associated'

with a lower level of teacher direction than was the optimal level for

achievement and personality measures. Soar concluded:

12
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Intermediate levels of teacher control, expressed either as
etiticism or as indirect teaching, produced more pupil change
in desirable directions than did extreme lack of teacher control.
r,trhaps the explanation is the need for the teacher to provide
a minimum of structure within which pnpil growth will be
maximized. (1966, p. 248)

In 1966, Coats (as reported in Flanders, 1970) reanalyzed

Flanders Interaction Analysis (Flanders, 1965; Flanders et al.,

l96q) data Lollected during 1959-1960 and 1964-1965 by Flanders

and his associates. Coats uncovered some curvilinear relationships

that proved to be statistically significant. As indicators of schooling

effects, Coats employed standardized ctatus attainment scores (i.e.,

achievement and attitude posttest scores) from twenty-nine self-

contained classes, fifteen seventh grade English-social studies classes,

and sixteen eii..hth grade mathematics classes. The independent variables

consisted of prktest scores on the achievement and aititude measures,

a measure of intelligence, and twenty-seven classroom verbal interaction

variables. Both regression and variance analses were used in deter-

mining the nature ind strength of associations between classroom processes

and educational outcomes, with the classroom as the unit of analysis.

Using polynomial regression analysis, Coats found that all signi-

ticant process-product functions were essentially linear, with the

exception of seven that were quadratic and one that was ,ubic.

!;tatistically significant inverted U-shaped relationships were found

between teacher criticism (i.e., restrictiveness, restrictive feedback,

and ntwative authority) and postachievement scores for the sixth and

seventh grade samples. The rema'ning curvilinear relationships Coats

.13
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plotted employed pupil postattitude as the dependent variable and

sustained acceptance and preattitude scores as the independent variables.

The functional relationship between sustained acceptance and postattitudes

may be described as a positively decelerating curve (i.e., c). Preattitude

was functionally related to postattitude in a shape that may be best

described as a positively accelerating (i.e., .001) curve.

Although they did not employ any cognitive measures as dependent

variables, in 1968 Thompson and Bowers (as reported in Soar, 1972 )

related classroom process measures to creative growth in fourth grade

pupils. One of their findings was that middle-level teacher verbal

output (as well as convergent teacher style) was associated with greatest

growth in total creativity.

In another study, Soar (1968) argued that "there is an optimal

level of teacher indirectness which is less than the maximum possible

and an optimal level of teacher criticism which is greater than the

minimum possible" (p. 275). With thAs argument in mind, he asked: "Do

alrlearning tasks have the same optimal levels of teacher behavior?"

(p. 275). In an attempt to explore this Issue, Soar reanalyzed data

from his 1966 study.

Using pupil data from the first year of testing, Soar

calculated gtowth measures for reading, vocabulary, and creativity by

estimating true gain and adjusting the remaining relations with initial

standing. Factor scores for indirectness of teacher control and for

teacher criticism were used along with the residual true gain scores

to assess process-product relationships. Soar uSed a polynomial

14



regression program to determine the nature of the relationships.

Once the relationships were determined--and most of these functions

seemed to be nonlinear--Soar tested for differences in optimal levels

for the three growth measures that were assumed to vary in complexity

the order in which they were listed above.

The results tended to wmport Soar's notion that differing optimal

levels of indirec:mess would parallel differences in the abstractness

or complexity of the growth measure. However, the results for teacher

criticism were not as supportive. Soar concluded:

Perhaps what these two sets of findings together indicate
is that teacher behavior should shift materially in indirect-
ness from concrete to abstract subject matters, but that
all teaching should proceed under a relatively supportive
emotional climate. (p. 278)

Soar also suggested that effective teachers must be able to shift

teaching_styles as they shift obiectives. He also indicated:

The possibility suggested by these findings is that families
of curves may be identified which would specify the degree
of directness which will produce most pupil growth for a
given subject matter (or, more likely, for a set of immediate
objectives). (1.966, p. 279)

In the first of a series of reports (Solar, 1971; Soar & Soar,

1972; Soar, 1973) dealing with the evaluation of Project Follow

Through's planned variatiOn experiment, Soar sought both to describe

observed differences among sponsored programs in terms of classroom

behaviors and to relate those classroom processes.to student outcomes.

Observations were carried out over a two-year period in a sample of

15
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kindergarten and first grade classrooms selected'from each of seven pro-

grams and a comparison dample. Pairs of obs2rvers spent a winter's day in

each of seventy classrooms, each observer using a different instrument (i.e.,

Teacher Practices Observation Record and Florida Affective Categories--

1969, or Florida Climate and Control System--1970) and making'An andio-

tape, which was later coded on two other systems (i.e., Reciprocal

Category System and Cognitive Taxonomy). The four systems recorded

such things as the teachers' classroom management techniques,.expression

of affect, and the social-emotional nature and cognitive level of the

interaction. In addition to these instruments, observer41"globally"

rated the classroom climate and objectively described the context.

The results from each instrument were factor analyzed and reduced to

process factor scores. The factor scores were then tested for differ-

ences between programs by the multiple range tent and related to student

outcomes by grade and year of observation.

The set of pupil achievement measures, administered yearly by

Stanford 0.:search institute (to a portion of the classroom observed),

differed somewhat across the two years in which classroom data were

collected. Scores from the various teats were factor analyzed by Soar

and reduced to three subscores representing simple-concrete, skill, and com-

plex-abstract achievement. These scores themselves were reduced to

regressed gain scores and were used as the indicators of schooling ef-

fects. For each grade, classroom means were calculated for the three

product measures and were related to all of the factor scores derived from

the observational data.



In general, Soar (1971) found highly significant differences in

classroom behavior associated with differences in program sponsorship.

Subscores representing simple-concrete, skill, and complex-abstract

student growth did not relate strongly with each other, but did seem

to relate differently to the various dimensions of classroom behavior

and to the different programs.

Despite the above, Soar found,that the relations of the obser-

vational measures to student growth were scattered and often inconsis-

tent. He attributed this failure to the unreliability of the achieve-

ment meadures used and to the small number of classrooms available for

analysis at each grade level. Soar, citing mainly first grade data

for the first year of data collection, spoke to the results of tests

of linearity. He reported finding a number of nonsignificant but

inverted 1J-shaped functions and suggested that certain process varUbles

may relate to student growth in a nonlineim fashion. He indicated

that "ihis could account fc. the lack of relation cited above, and

for both lawered correlations and inconsistent ones from grou- to

group" (p. iv).

la tae third year of his evauation-research of Project Follow

Through, Soar (1973) again sougat to describe differences among sponsored

programs in terms of classroom behavior and to relate those classroom

vrocesses to student outcomes. Observations were carriOd out in a sam-

Pie of kindergarten, entering first grade, continuing first'grade, and

second grade.classrooms selected.from eight sponsored/programs and a

comparison sample. As before, pairs of observers spent a full winter's

17
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day in each of 289 classrooms with each member using a different instru-

ment and making an audiotape, which was later coded on two other systems.

The four systems, which are the same as described in Soar (1971),

recorded such things as the teachers' classroom management techniques,

expression of affect, and the social-emotional nature and cognitive

leve. of the interaction. Classroom climate and an objective description

of the context were obtained from the use of two other instruments.

Soar and his assoclates also conducted a substudy involving menty

teachers who had been either high or low in the coerciveness of control

of pupil behavior the previous year.

For all three substudies the same set of observations was made.

The results from each instrument were factor analyzed and reduced to

factor scores. These factor -scores were-used-to_test for differences

between programs by use of the multiple range test. In addition,

highly loaded items from the separate analysis of the instruments

were factor analyzed and these eleven factor scores were treated by

profile analysis to group teachers with similar profiles. In turn,

Soar explored the relation between programs and teather profiles and

ber4een teacher profiles and student outcomes. In another aspect

of the study, factor scores were related to student.Dutcomes by grade.

In the major stpdy, highly aignificant differences in classroom

behavior werejound to be associated with differences in program span-
9

sorship, as well as differences among grade levels. Soar reports that

"of the 39 factors produced from the six instruments, 36 either dis-

criminated between sponsors or between grade levels" (p. xxi). He
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concluded that "the measures possess considerable discriminating power,

and also that sponsors have been successful in creating very different

milieus for learning" (p. xxi).

The set of pupil achievement measures administered by Stanford

Research Institute differed somewhat across grade and testing periods.

As before, subtests from the various tests were assigned to categories

representing simple-concrete, skill, and complex-abstract achievement.

A close examination of the data revealed that for some pupils a

ceiling effect was, apparent, and Soar elected to eliminate such students

from the analysis. 'Unlike the earlier study, regressed gain was cal-

culated separately by socioeconomic status and ethnic group.

Soar reports linear relationships between classroom processes and

student outcomes, but allots very little space for discussing'nonlinear

relationships: "when curves were plotted for the current data, inverted

'U's were found in.some cases, but upright 'Ws were found at least

as frequently" (p. 202). Soar notes that some of the third-year

curvilinear findings.differed from prior findings. In response to

this, he discusses the methodological and sampling differences from

study to study and suggests that such differences could possibly account

for discrepancies in findings. One should note that, in a review

of curvilinear findings across four of his studies (Soar & Soar, 1976),

the results of this third-year study were ignored while the earlier

F4.41111 .1 W4 '4 I I

In a study concerned with the relationship between classroom

behavior, pupil characteristics, and'pupil growth during the school year
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and over the summer, Soar and Soar (1973/1975) made the following

predictions:

1. Measures widen tvpresent teacher control or structuring of the
classroom are'likely to be related to pupil cognitive growth
in nonlinear fashion.

2. The point on the 51assroow behavior dimension at which max-
imum pupil growth occurs is hypothesized to shift with the
complexity or abstraceness of the learning objective, with
the maximum growth of more abstract objectives being associated
with less teacher control than will be true for more concrete
objectives.

3. l'ersonal characteristics of the pupil such as socio-economdc
status, anxiety, dependency or impulsiveness will influence
(interact with) the level of classroom behavior which i$ op-
timal for pupil growth in a particular learning task. (p. 10)

Eighty-one fifth grade and twenty-one first grade classrooms were

visited during the late fall and winter by pairs of observers who

collected data for the same four observation systems and classroom rating

measures as were described in Soar (1971). The observational data were

factor analyzed and eventually reduced to a set of eleven factor scores:

negativ'e control vs. orderly classroom; teacher control, varied inter-

action; expansive teaching; pupil initiation; free movement and positive

affect with little focus; teacher choice of problem; seat work without

teacher; unnamed; higher level cognitive activities; teacher extended

lecture; and recitation. All student's were administered a fall pretest

battery, a spring posttest battery, and a second posttest battery the

next fall. Fifth graders were administered achievement tests in reading,

vocabulary, spelling, and arithmetic concepts; personality tests for
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dependence, anxiety, school achievement motivation, locus of control, and

impulsivity; a creativity test; measures of attitudes toward self

and school; and an IQ measure. The battery administered to first

graders consisted of two achievement tests and measures of self-

concept and impulsivity. Pupil data were reduced by calculating.a

regressed gain measure that regressed posttest score on pretest score

t-Jr subgroups of pupils identified by IQ level, sex, and race for

the fifth grade and by SES, sex, and race for the first grade.

Due to legislated changes, the fifth grade school-year and

summer process-product substudy involved only fifty-nine classrooms.

Classroom process factors and a priori composites were correlated

with student outcomes. The factor scores were then used in stepwlse

multiple regression to explore interactions and nonlinear relations.

Significant nonlinear results were tested separately and plotted by

polynomial regression analysis. If the plot suggested an upright or

taverted U, the significance of deviation from linearity was tested.

Parallel procedures were used to study school-year and summer growth

for the first grade sample.

Results for the fifth grade school-year substudy revealed that

approxim.aely equal numbe rs of significant zero-order relat::ons were

touad for cogniLive and noncognitive variables, and "the nonlinear and

iu:eraction analyses accounted for relatively larger numbers of sig-

nificant relationships than the linear analyses did (a ratio of 1.5

to 4)" (p. 143).
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/ Recitation did not relate linearly to the criterion measures but

.did relate in a strongly nonlfaear fashion to several measures of achieve-

ment and self-concept. An examination of the curves revealed that

intermediate values of recitation were functional, but either too little

or too much was not. Soar and Soar indicated that there was limited

support for the "differentiated U hypothesis," the second of their

predictions. In sumMarizing their results Soar and Soar stated:

The integrating thread, and an implication for teaching, appears
to be the conclusion that there is an optimum level of structure
and control in the classroom, whether by an intermediate value of
ono,behavior or a combination of a behavior that structures and a
behavior that does not, which has desirable outcomes for pupils,
both cognitive and noneognitive. (p. 143)

Results for the summer substudy indicated that the number of linear

relations did not exceed chance expectancy, but that nonlinear and inter-
A

act.ive relations were more than four times the amount expected by chance.

Pupil initiation was nonlinearly related to student growth over the summer.

Results for the tirgt grade Substudy showed that achievement gain

was related to moderate amounts of task focus in a.positive,elimate

and to a proper malch between task difficulty,and pupil ability. Self-

concept growth was related to intermediate amounts of-gentle 901ntrol in

a positive climate. Over the summer, self-concept was related to



intermediate levels of gentle control. In reflecting on their results

Soar and Soar suggested:

The methodological implication of these data appears to be a strong
argument for the importance of analyzing classroom data inter-
acti'ons and nonlinear relations, since linear relations apparently

A represent only a small portion of the meaningful variance in class-
room behavior and its relation to pupil gain. (p..149)

41:$'

Soar and Soar (1976) reviewed four of their studies (Soar 1966,

1968; Soar .1 Soai;-1972; Soar & Soar, 1973) in an attempt to identify

consistent Measures of teacher effectiveness. They reported that in

all four studies nonlinear, inverted U-shaped relations appear "to

represent teacher limitation of pupil freedom in the development of

subject matter and tho4glit" (p. 263). In three studies differentiated

U-shaped relations were found, indicating that "different kinds of

pupil learning varied in the amount of teacher structuring and limit

sitting which was associated wIth greatest pupil gain" (p. 261). In

discessing these findings Soar and Soar. argued:

AlthOugh linear relAtionships have most often been used in studies
of teaching'effectiveness to identify relationships between class-

\ rope behavior and,pupil gain, it seems clear that they are limited
the extegt tq which they can help vs answer the question of

what good teaching is. They are simplistic in implying.that if
some of a.beheMot.is good, more is better and onte the question
is raised, ic becomes difficult to imagine very zany behaviors
for which increasingfamounts imuld be unqualifiedly good. (p. 20)



A related issue is that of "universal prescriptions" for increasing

teacher effectiveness, which the Soars b;lieve is of questionable use.

In the studies thus far reviewed, it is perhaps safe to say that

the sheer number of nonlinear process-product functions reported has not

necessarily been overwhelming, considering all of the classroom behaviors

that were examined. In part, it is the result of methodological choices--

for example, as when Soar (1968, 1971, 1973) only reports quadratic

functions having clear inverted or upright U shapes, or when he reduces

large batteries of outcome measures to only three levels of cognitive

complexity, or when large quantities of classroom data are reduced by

him intolactor scores. From prior research one comes away with the

impression that there are a few highly consistent nonlinear findings.

This impression, however, changes dramatically when the nonlinear

data reported by Brophy and Evertson (1974b) for the Texas Teacher

Effectiveness Project are examined closely. In their report of

the reanalyses of presage-process-product data previously analyzed

in terns of zero-order correlations (Brophy & Evertson, 1974a), Brophy

and Evertson (1974b) present some 15,000 functions or coefficients. Of

these, so many are clearly nonlinear that it is not easy to come away

from the data without a strong belief in the need to employ nonlinear

analysis in process-product research.

The Texas Teacher Effectiveness Project was a two-year, replicated,

naturalistic-correlational study of the relationships between presage
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and process variables and student grawth in the second and third grades.

Only those teachers whose "teacher effectiveness" was stable over a

three-year period were observed. Thirty-one teachers were included in

the first year of the study and twenty-eight in the second. Four obser-

vations by observer pairs were made the first year and fourteen the

second year. Both low and high inference measures 'were used to assess

teacher behavior: the Brophy-Good Dyadic Interaction Observation System,

Emmer and Pe'ck High Inference Rating Scale, High Inference Coder'Check-

list Variables, Time Utilization Measures, High Inference Coder Ratings

of Teacher Characteristics, Coder Ratings of Lesson Presentation

Variables, Low Inference Process'Variables, etc. Five subtests from the

Metropolitan Achievement Test (MAT) served as criterion measures; residual

gain scores were used as the indicator of schooling effects.

The data were presented, where appropriate, in terms of year of

study, SES, and MAT subtest. It is not possible here to summarize even

a fraction of Brophy and Evertson's findings; however, it is meaningful

to review their conclusions regarding nonlinear analysis:

The findings of the present study . . . point to the need for routinely
investigating nonlinear as well as linear relationships between
teacher behavior and student outcomes. . . . The present study
has shown that many relationships which do not appear in corelation-
al analyses are revealed when nonlinear analyses are performed, and,
more importantly, that most teacher behaviors are related non-
linearly to student outcome measures. (pp. 166-167).

46

Among the more recent studies using nonlinear analysis is the NIE

funded study of Calkins, Godbout, Poynor, and Kugle (1976). Calkins and
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his associates explored methodological issues and problems relevant to

teacher behavior research. These researchers interested themselves

primarily in examining relationships between variability of teacher be-

havior (i.e., the variance of the distribution of values of observed.

teacher behavior) and student achievement as measured by a series of

mathematical subtests. More specifically, it was the intent of the

study "to investigate the linear and quadratic tontribution of the mean

and the variance of the distribution . . . as pt..4ictors of student

achievement" (p. 3).

Process data were collected in thirty-two high-SES fifth grade

classrooms by use of the Global Rating Scales (GRS) and the Teacher

Practices Observation Revord (TPOR)-'-high and low inference instru-

ments, respectively. Observation data were 6Jtained during the spring

semester in three sessions of math instruction. These data were processed

by obtaining a mean and a variance for each scale for each teacher by

collapsing the. data across the three observation periods.

Student achievement data were collected on project-designed in-

struments during fall and spring instructional periods. Tha mathematics

test consisted of a total of thirty-three multiple-choice items designed

to assess six content areas. A multiple regression technique with

prete.st performance being entered first was used to obtain correlation

data.

In a discussion of their results, Calkins et al. indicated: "Since
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the number of statistically significant relationships is so low, it is

probably unwise to interpret these results as evidence of 'real' re-

lationships, as they could conceivably all be Type I errors" (p. 16).

An examination of results reveals that, for the mean as a statistic,

oniy 1 out of 77 quadratic analyses of GgR data was significant at the

.05 level of confidence, and only 12 of 434 quadratic tests involving

the TPOR data reached significance. For the variance as a statistic,

the results respectively were: 2 out of 77 and 12 out of 434.

Because of the above findings, Calkins at al. did not attempt to

interpret.their results. But it is of some interest to note that

fifteen of the twenty unique TPOR items that Calkins et al. found to be

significantly linearly related to outcomes were also the same TPOR

factors that Soar (1973) found to be usually significantly related to

"skill" learning; ten of the eleven nonlinear relationships Were simi-

larly related to "skill" learning as defined by Soar. Since one could

interpret the mathematic§ tests used by Calkins et al. essentially to

be tests of skill, it wouid appear that their results are not without

some support from prior research In effect, there appears to be some

measure of consistency bOpeen the findings of Calkins et al. and those

of Soar (1973), which suggests that the results of Calkins et al. should not

be regarded as due simply to chance. Of course, even this observation

must be tempered by the exploratory nature of this latter analysis.
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Tests of iinearity have also been used to assess the nature of

process-product relationships when classroom observationa were not

employed and teacher self-reports were the only source of data (Loucks,

1975). In this instance, self-report data serve as proxieslor data

collected by use of direct observation. Loucks (as reported in Hall&

Loucks, 1977), in exploring the relationship of "Level of Use" (i.e.,

the level or stage.at which an innovation or treatment is being imple-

mented) to schooling effects (i.e., achievement in mathematics and

reading), reanalyzed data collected by Watkins and Holley (1975)

con3:erned with teacher self-reports on issues related to individualiza-

tion of instruction in the classroom.

In the original study, a total of 134 second and fourth grade

teachers in twenty-two schools were interviewed in respect to Level of

Uile of certain concepts related to Individualization. Teachers in ele-

ven of the schools that had officialiy implemented Individually Guided

Education (IGE) were assigned to the IGE group; the remaining teachets

were assigned to the non-IGE group. Based on interview data, teachers

were classified as to one of eight possible Levels of Use categories:

(1) nonuse, (2) orientation, (3) preparation, (4) mechanical use, (5)

routine use, (6) refinement, (7) integration, and (8) renewal (Hall &

Loucks, 1977). Loucks (1975) reports that conventional comparisons of

achievement between the IGE and non-IGE groups, using one-way analysis

of variance, did not result in any significant differenzes between

groups regardless of subject area or grade level.
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A reanalysis of the data on the basis of user and nouuser categories

resulted in an altogether different set of outcomes. For example,

For the second-grade sample, results of analysis of variance
indicated that all users of individualized reading showed
significantly greater achievement than all nonusers; there were
no statistically significant achievement differences between
users and nonusers of individualized mathematics. (Hail &
Loucks,'1977)

By breaking the Levels of Use dimension into more discrete categories, "the

question of whether the pupils of teachers at some Levels of Use have

greater achieyement than those at other levels was explored" (Hall &

Loucks, 1977). Loucks (1975) used a test of linearity on the second

grade sample using raw status attainment scores (i.e., postachievement

scores in mathematics and reading). The analysis indicated that second-

order curvilinear relationships (i.e., quadratic) provided the best fic

for teacher Level of Use of individualized instruction and student

achievement.

The relationships between Level of Use and achievement in mathematics

and reading differed, however. The curve for mathematics is best des-

cribed as J-shaped; that is, the mathematics achievement scores gradually

increase from some midpoint in Level of Use. The curve for reading is

best described as inverted U-shaped; that is, reading achievement in-

creases gradually until it peaks at about the midpoint in Levels of Use

and then decreases gradually. (It should be noted that it is possible

that the reported analyses of variance results are in error, or lens

likely, that the curves are mistitled. We were unable to confirm this

suspicion at the time of this writing.)
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Summary

Solomon, Bezdek, and Rosenberg (1963) were perhaps-the first to

expl,re the issue of nonlinearity in process-product research., They

found that in adult learning centers an intermediate level of 'permis-

siveness" produced higher levels of achievement gain than did either

extreme. Soar (1966), who must be given credit for bringing nonlinear

analysis methodology into the mainstream of process-product research,

found a "differentiated" nonlinear relationship between classroom pro-

cesses and various student outcomes differing in complexity. More

specifically, he found that different amounts of teacher control appear to

be optimal for growth in tasks differing in complexity. Higher levels of

teacher control are needed for optimal growth in relatively concrgte-,

tasks than are optimal for more skill-related tasks, and a still lower

level of control is optimal for growth in creativity.

In 1966, Coats presented analyses showing nonlinear relationships.

Thompson and Bowers (1968) also reported nonlinear results, but for

creative outcomes. In a reanalysis of hia 1966 data, Soar (1968) again

found indications of nonlinear relations. Then in a series of studies

dealing with Project Follow Through programs (Soar, 1971, Soar & Soar,

1972; Soar, 1973), more nonlinear results were reported. These findings

were supported'by the results of the Soar & Soar (1973) study of school

year and summer student growth.

The Brophy and Evertson (1974b) study is perhaps unique for the sheer

number of nonlinear results reported. Their resuits contain a compelling

number of nonlinear functions.
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Among the more recent studies using nonlinear analysis is that of

the NIE-funded Calkins, Godbout, Poynor, and Kugle (1976) study, which

explored methodological issues related to teacher effectiveness, as

well as that of Loucks (1975), which used proxy process data to study

"Level of Use."

It should be clear from the foregoing that researchers have become

increasingly sophisticated in the use of nonlinear methodology. For

example, Chi-square and analysis of variance techniques were used in

early studies to infer curvjlinearity; nowadays, polynomdal regression

analysis is employed instead. It is also interesting to note that

many of the studies reported above represent secondary analyses of

data collected earlier, often by other investigators.
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Ill. THE STALLINGS AND KASKOWITZ STUDY

In their report, Stallings and Kaskowitz (1974) addressed two

questions of educational importance: (1) Has a variety of important

educational progriims (Planned Vatiation) been implemented in diverse

sites across the country? and (2) If these educational models-have been

installed, how have they affected the growth and development of children?

Included in the study were seven models representing a wide range of

innovative educational theories: two behavioristic models.(the University

of Kansas and the University of Oregon), a model based on the Piagetian

theory (High/Scope), a model based on the open education theory

(Education Development Center), and three other models, each having its

own particular combination of theory and practice drawn from Piaget,

Dewey, ani the English Infant School (Far West Laboratory, University of

Arizona, and Bank Street). Approximately twenty first grade and twenty .

third grade classrooms for each of seven Follow Through sponsors at five

or more sites per sponsor were sampled for the study. Since the class-

room implementation of Follow Through programs was to be evaluated in

terms of the significance of differences between each Follow Through

sponsor's classrooms and the non-Follow Through classrooms, thirty-five

first grade and thirty-six third grade non-Follow Through classrooms were

also included in the study.

The Follow Through Classroom Observation Instrument and other pro-

cedures were used in collecting observatiou data that provided the basis

for assessing: (1) the extent of implementation of the sponsor's
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models, (2) the relative exportability of the models, and (3) the relation-

shJ.p of classroom process and:Child outcomes. The Classroom Observation

Instrument contains three major sections: (1) the Classroom Summary

Information (CSI)section, (2) the Physical Environment InfOrmation (PEI)

section, and (3) Classroom Observation Procedure (COP), which consists of

three parts--the Classroom Check List (CCL), Five-Minute Observation

Preamble (PRE), and Five-Minute Observation (FMO). Trained observers

collected data on three separate occasions for a full day each time. The

first two days were devoted to activity/adult-focused observations and

the third day was used for child-focused observations. The CSI and PEI

wtre completed once and the remaining schedules were completed four times

an hour.

Classroom Implementation

4

N, Program implementation in the classroom was judged on the basis of

-two criteria: (1) the extent to which sponsor's classroom were found

to be uniform on selected implementation variables, and (2) the extent

to which a sponsor's classroom differed from the traditional non-Follow

Through classrooms in the same v,..riable.. Stallings and Kaskowitz

developed a list of variables that were descriptive of each sponsor's

model, and associated the variables with specific items in their

systems. A pool of non-Follow Through classrooms was used in estab-

lishing standards via a nonparametric scaling technique. For each

sponsor's classroom, an implementation score was computed for each of

the sponsor's variables by referring to the standards established on

the basis of non-Follow Through classroom data. These scores were then

33



used for further analyses.

Stallings and Kaskowitz found that the great majority of teachers

were conforming to sponsor specifications in implementing programs. In

addition, the sponsored program could be distinguished from each other

along important classroom practice dimensions.

Instructional Processes and Child Outcomes

Using 108 first grade and 58 third grade Follow Through and non-

Follow Through classroom for which baseline test data on the Wide Range

Achievement Test (WRAT) were available, partial correlations between

classroom means on instructional processes and scores on the Metropolitan

Achievement Test (MAT) were computed holding WRAT scores constant.

Stallings and Kaskowitz reported that high reading and math scores

were associated with more-structured, teacher-initiated classrooms (in

both first and third grades), small group instruction (for first grade),

large group instruction (for third grade), positive corrective feedback,

and the time children spent on reading or math activity.

Stepwise regrdssion analyses were performed to assess the.amount of

variance accounted for by process variables, beyond that which was

accounte&for by the WRAT, by entering the WRAT score fiist in the re-

gressipn equation. The WRAT score explained 17,to 50 percent of the

variances of the MAT first and third grade mathematics and reading

scores. A set of ten process variables in thd first grade and eight

in the third grade accounted for an additional 43 to 64 percent of the

mathematic score variances in the first and third grades respettively.
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Eight process variables accounted for an additional 23 percent of the

reading variance in the first grade, and seven process variables for

37 percent in the third grade.

Based on those findings, Stallings and Kaskowitz concluded their

study thus:

The Follow Through program of planned variation is being
implemented, and . . . the'seven sponsored models considered in this
report are each working to the advantage of childrenl,not by chance
but by careful design. (p. 346)
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IV. MEt4bDOLOGY FOR THE REANALYSIS"

f
Technical aspects of the current secondary analysis of the

Stallings and Kaskowitz (1974) ftrst grade data are described in this

section. First, tfie data set is described, and second, methodology

and procedures used for the data reanalysis are outlined.

Data

4

It was orginally intended that this reanalysis would only deal

with a subset of the Stallings and Kaskowitz data. Data either from

tLe,first or third grade were to be analyzed only for a limited set

of the classroom variables. Further limitations were caused by data .

inaccessibility, time, and budgetary constraints. For example, it

was the authors' intent to utilize indtvidual student data to calcu-

late residual scores for some part of the reanalysis. s it turned out,

the author's initial plans were changed because student data were

not readily accessible and were too costly given budgetary limits.

One other consequence of not obtaining individual student data was

the inability to relate selected c1assroot, variables to measures

differing in complexity within an achievement area; the scores

readily available from SRI International were only.for total mathe-

matics, total reading, and word analysis.

Data tapes at SRI International were in binary mode and thus

suitable for a CDC 6400 system but not for tAlia IBM/370 system employed

by RBS. It became necessary to convert the Stallings and Kaskowitz

36

40



A

Residualizing MAT Mean Scores on WRAT Mean Scores

One way of statistically controlling for unequal initial ability

is to employ residualized scores (e.g., Bereiter, 1963; McDonald &

Elias, 1)74). In an analysis of Project Follow Through, Soar (1973)

employed residualized scores; but to deal with the problems of group

differences, he calculated separate residualized scores for subgroups.

However, due to the lack of accessibility of data at the individual

student level, subgroup residualized 4c-es could not be computed for

this .reanalysis. Residualized scores were computed by regressing MAT

class means on WRAT class means. This latter approach enabled the

results of this reanalysis to be compared with the results from the

Stallings and Kaskowitz primary analysis.

Statistical Analysis

In keeping with the Stallings and Kaskowitl study, the reanalysis

was performed on the basis of data from the 108 classrooms that!had

both WRAT and MAT scores and an attrition rate of less than 80 percent.

The following set of steps was employed for the reanalysis:

Step 1. Classroom mean scores on MAT Reading and MAT Mathematics were
regressed on WRAT mean scores, and residual mean !scores were
obtainedi

Step 2. Residual mean scores wcre matched and merged with classroom
process variables, and each classroom process .variable-
reuidual-mean-score palr was plottei (with a Missing data

otion), using the SPSS Scattergram Analysis program (Nie,
11411, Jenkins, Steinbrenner, & Bent, 1975). Zero-order cor-
relations were produced as a by-product of this program.

38



data from the binary mode to a "character" mode to make it compatible

with RBS's systems. The time and costs involved in this activity also

ledtto a number.of trade-offs from original intentions: fewer variables

were selected for reanalysis and all word ana sis data were excluded

rfrom the study.

A total of seventy-fiVe variables, selected from the Stallings

and Kaskowitz data, were converted into a "character" mode and reanalyzed.

These variables were selected on the basis of their compatibility

with RBS's intentions to assist states to improve basic.skills instruc-

tion. The selected variables Are listed on Tables 1 through 11;

the identifying numbers included there are those.used by Stallings

and Kaskowitz in their report. Only total mathematics and total

reading scores were employed as criterion measures for this reanalysis.

Data from 108 first grade classrooms out oftthe original set of

171 (for which observation data were available) were retrieved for

reanalysis using the same selection criteria Stallings and Kaskowitz

used: (1) both the WRAT and MAT had to have been administered to the

class, and (2) the attrition rate from fall to spring testing must have

been less than 80 percent. Data meeting these requiremtnts were analyzed

according to the procedures described below.

Methodology and Plocedures

This section describes the methodology involved in computing

residualized scores and the steps involved in the statistical analysis.
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Step 3. Each scatterplot was examined for the appearance of non-
linear relationships.

Step 4. Upon inspection, fifty-three of the original seventy-five
variables seemed to be possibly nonlinearly related to
either reading residual mean adores or matheMatitS residual
scores and therefore were entered into the polynomial
regression analysis. The BMDP5R program (Dixon, 1975) was
used because it gives a summary table of goodness-of-fit
statistics and scatterplots of observed and predicated values
in respect to the independent variable (process variable).

At first, each process variable (Xi) was raised to the fourth
power term (Xf4) and entered into the regressio,. analysis. The

form of the regression equation was:

Y. = B + B X. + B X.2 + B X.3 + B X.4 + e.
2 11 2 t 3 4 1,

Step 5. A sunmary table of goodness-of-fit statistics for each fitted
polynomial was reviewed, and those process-residual mean score .

pairs that showed the best fit at the second oi third degree
were reanalyzed to the degree of the best fit (see Kerlinger &
Pedhazur, 1973, p. 213). The square of the multiple correlation
(R2) and the multiple correlation at till best fit degree were
computed from the summary table. The best fit polynomial function
was traced on each of the scattergrams.

Step 6. Since zero-order *correlations berween residual mean scores and
.process variables are known to be equivalent to partial
correlations between posttest mean scores and process variables'
using the pretest mean scores as a covariate (Linn & Slinde, 1977),
it follows that the zero-order correlations obtained for this
reanalysis should be equivalent to Stallings and Kaskowitz's
partial correlations. A comparison of the correlations from the
two analyses was made in order to check the accuracy of the
analysis. The results of this comparison reveal that in only
four of the instances in which data were available for com-
parative purposes was there a discrepancy greater than .02 (an
acceptable level of divergence, given rounding errors). Perhaps
the remaining differences are due to the use in this reanalysis
of a missing data option.
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V. RESULTS UF TUE REANALYSIS AND DISCUSSION

in Section V, tne results of the polynomial regression reanalysis

of selected variables from the first grade subset of Stallings and

4askowitz's 108-classroom data set are presented. In order to discuss

the results in a meaningful way, the selected classroom process variables

are grouped according to the categories (or constructs) developed ny

Ruff (1978). Thus, the discussion of the reanalyses and the accompany-

ing tables is organized under the following constructs: time, instruc-

tional organization, monitoring, management, teacher questioning, teacher

reactions to pupil response, pupil response patterns, teaching acttri-

ties, structure/control, feedback, and qualities of environment. Under

each construct, the results are generally presented in the order: con-

struct description, listing of included variables, presentation of analy-

sis results, interpretation of the results, and discussion. Since re-

views by Rosenshine (1966, 1967) and by Berliner and Rosenshine (1977)

make a number of statements relative to the Stallings and Kaskowitz

results, those three reviews are frequently cited in the discussion of

the findings.

Understanding_ the Tables

Each of the following tables, designed to summarize the reanalysis

results for one of the constructs listed above, contains the following

data: (1) a description of the process variable, (2) correlational data

relating process variables to mathematics achievemeut, and (3) correla-



1

tional date. relating process variables to reading achievement. In the

II

process variables" columns, variable names and identifying numbezs

(which are the same cis those found.in the Stallings and Kaskowitz report)

are presented along with the mean, the standard deviation, and the range

for the listed process variable. The subscripts "a" and "c" attached to

some of the iuentifying numbers represent either an adulb.or child-fo-

ct16 relative to classroom observations.

Presented in columns headed "r" are correlation coefficients re-

presenting the association between process variables and mathematics

or reading residual scores. A coefficient of ± .19 or larger is sig-

nificant at the p < .05 level. A single coefficient indicates that the

zero-order correlation computed in the reanalysis was identical to

Stallings and Kaskowitz's partial correlation coefficient. If two coef-

ficients are listed, they are in the form "secondary analysis result/primary

analysis result," and indicate a discrepancy between the results of the

primary and secondary analyses. If a relationship was found'to be

nonlinear, the highest power term entered in the best-fitzing regression

equation is noted in the column headed "Degree"; the symbols x, x
2
, x

3
,

and x
4

represent linear, quadratic, cubic, and quartic equations, re-

spectively. The shapes of curvilinear functions, reproduced from computer-

generated scatterplots through xerography, are also illustrated in the tables.

Multiple regression correlation coefficients that are significant at the p .05

level are presented in "R" columns. The camputer scattergram plots are

themselves provided for in figures located either throughout the body of this



sect,on or in'the Appendix. Linear functions are not illustrated on the

cnart; their slope can be determined, however, from the "r" coefficient.

Time

lt is widely acknowledged that time is one of the more important

factors influencing student aChievement in reading and mathematics.

For example, time is the central element of Carroll's (1963) schooling

model.and of the Wiley and Harnischfeger (1974) model. In the Cooley

and Lohnes (1976) model, time is the major component of their "opportunity"

construct.

Recently, many researchers have begun to distinguish between the

absolute time spent in school (which is calculated from such indices

average daily Attendance, length of school day, and length of school

year) and ttie use of time in the classroom (Berliner & Rosenshine, 1977;

Gow, 1977; Medley, 1978; Rosenshine, 1976, 1977). TWo of the Stallings

and Kaskowitz variables that were reanalyzed fall under the "time" con-

struct. These are the percent of the school day the child spent on

task-related mathematics or reading activities, that is, "percent of

child time spent in numbers, math, arithmetic (66)" and "percent of

child time spent in reading, alphabet, language development (67)."

Table 1 indicates that the percent of child time spent in mathe-

watics activities has a curvilinear relationship with mathematics

residual mean scores, but that the percent of child time spent in reading

activities has a high positive linear relationship with reading residual

42
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Table 1

Summary of Process-Product Relationships: Time

Process Variables Mathematics Reading

N. Vamo I Mean

66 Percent of "child time"
spent on numbers. math,
arithmetic activities

67 Percent of "child time"
spent on reading, alpha
'bet, language develop-
mon!' activities

16.43

44.72

IS.D. Range

8.06

15.40

Degree shape Degree Shape

0.0 -
57.9

13.07 -
76.65

.28/.29

.18

.37 x
2

19

.40

.41 x4

I.

*All "r" coefficients of ± .19 or above are significant at the p < .05 level. All "A" coefficients aresignificant at the p < .05 level.

4 8
4



mean scores. Figure 1 appears to indicate that as the percent of time

spent in mathematics-type activities increases, so does mathematics

achievement, until a peak is reached when about 30 percent of the school

day is devoted to such activities; thereafter, students' math achieve-

ment decreases as the percent of time spent on mathematics-related acti-

vities increases. The optimum-anount of time for first grade children's

work on mathematics-related activities seems to be about 18-30 percent

of a school day; more time than this appears to have diminishing

marginal, utility.

Reading achievement findings agree with earliet results and

support ehe conclusion of the primary analysis; tha6 Is, "Chirdrei who

performed well on tests of reading . . . deemed to be in classrooms

where more time was spent in developing academic skills" (Stallings

and Kaskowitz, 1974, p. 300). It also is in agreement with both Rosen-

shine's (1976) statement, "the stronger the academic emphasis, the

stronger the academic results" (p. 345), and with findings that-greater

amounts of instructional reading time were beneficial for low-SES'

children (Guthrie, in press).

On the other hand, the curvilinear relationship found to exist be-

tween time spent on mathematics-related activities 'and mathematics

achievement seems to be more in keeping with the research findings of

the Soars (Soar, 1975, Soar & Soar, 1976), rather than with

shine and Stallinip and Kaskowitz statements reported above.

44

4 9

the Rosen-

The Soars



*I 4. .., 55+14. +. 41P+.0 414 11'4140 4;0 4:0 04COS od.411.

,.......
0

'

25

t

.

...-----1-
.

20
0

P

.

.---
E 15

+

.0
1

C
T

C
0
0 .

.

S.D 10
00

A
N

0
C CO a .

5

o
5.

000
0 0 0 .i.

--
0
6

0 0 C 0 DU .

.9 Q
S

°C ".41;110iliiiillillift.a 00 e

A
V

mimmrsiTmomorpotwommramft

0 . 0 0 0 0

-.5.

era CO 0 0
p 0 0

.
.

a cr ra-15
0 C 0 -.------.-...

0
.

aT C
.

( 0. g O.. -------
.

- 10
.

0
0

0 .--.

..A..-- .. .

0
----.-----.....-.----

0 12 24 36 46 64

'NC

Figure 1. The process-product function for "percent of child time spent
on numbers, math, arithmetic" (4/66).

45



suggest that increasing the amount of time spent on academic activities

beyond a certain point may produce only marginal returns. The quadratic

curvilinear relationship between mathematics achievement and time spent

on mathematics-rtlated activities seems to go beyond Soars' interpre-

tation. However, it should be noted that the function, which is categor-

ized here as an inverted U shape, appears to result from data from one

outlier classroom. If this'outlier clasG.. am is disregarded. the resulting

function undoubtedly would be linear. This suggests that the inverted

U function reported here needs to be confirmed by additional data.

Instructional Organization

Ruff (1978) used "instructional organization" to refer to the way

teazhers group students for instruction. In this study, Stallings and

KaskowItz identified four basic grouping patterns: one child, two chil-

dren, small group (three to eight children), and large group (nine or

more children). Seven of the fourteeh process variables assigned to this

category are from Stallings and Kaskowitz's original set of variables;

the remaining seven have been newly aggreated for this reanalysis.1 The'

original variables are the first seven listed in Tai,le 2. Newly aggre-

gated variables are listed in the next half of the Table and have the

1

Due to budgetary and time constraints, the authors determined that they
could not reanalyze separatel, all of the Stallings and Kaskowitz vari-
ables associated with this category. As an alternative, they elected to
establish indices by combining dimensionally related items; e.g., vari-
ables 86 (Teacher with one child), 87 (Teacher with two children),
88 (Teacher with smk1 group), and 89 (Teacher with large group) were
combined into one inaex called "Classroom groupings: teacher-individual
child interaction time."
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109

140

142

163

164

165

VI

V2

52

Table 2

Summary of Process-Product Relationships: Instructional Organization

Process Var!.nbles Mathematics

Degree
S.D. EN

Child/Teacher and Aide 11.06 5.30
Ratio

One child with any adult 1.44 1.53

Total weight in math 215.86 130.76
groupings

All children withou6 28.59 26.07
adults in mach

Total weight in reading 57144 268.15
groupings

3.82 4.49Personalised instruction
without adults in
reading

All children without
.adults in reading

Classroom groupings:
Percent of teacher-
individual child
interaction tire

Classroom groupings:
Percent of adult-
individual child
interation time

7.73 77.00

23.75 11.47

23.52 9.98

4.11 - .08/.09
29.00

0.0 - -.20
6.37

0.0 - .35
891.67

0.0 - -.10
84.78

1.75 - 1.31/
13.00

0.0 -
22.00

0.0 -
80.00

5.61 -
61.25

7.26 -
52.67

-.22

-.01

-.30/w

-.221 w

.39

.47

.36

.34

Reading-

Degcee Shape.Shape

x
2

x
2

x
4

x
2

.I1

-.33

.22

-.20

.40/1

-.36/ §

§

-.32/w

-.26/w

.29 x
3

.34

.40

./N

5 3
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Table (cont.)

Summary.of Process-Product Relationships: Instructional Organizatioa

111.011 ",MIIIIIIIMINOMMIMINIMMIIIMINIII

Process Variables Mathematics Reading

. N.->.

.......

Name Mean S.D. Range r Degree
.

Shape r R Degree Shape

- .
__

V3 Classroom arouoings: 12.14 3.30 7.13 - .131w x .07/ w x
Percent of child-
any adult inArraction
time

21.90

V5 nath groupings: Percent 5.38 4.46 0.0 - -.06/w .22 x3 -.061w x .

of teacher-individual
child interaction time

20.35 ,

V6 :iath gcuupings: Percent 13.40 5.33 0.0 - --051w x -.12/to x
of child-any a4ult 25.00
interaction time

V7 Reading groupin gs: Per- 7.16 2.50 1.25 - -.18/w .26
4

-.19/w .29 x
4

cent of teacher-ind.sid-
ual child interaction
time

14.59

V8 Reading groupings: Per- 13.14 4.35 4.11 - .04/w .16 x4 -.06/w x
cent of c4ild-any adqlt

..mmmmir interaction time
22.50

*All "r" coefficients of ± .19 or above are significant at the p < .15 level. All "R" coefficients
are significant at the p < .05 level.

This variable is a new composite and was not studied as such in the primary analysis.

Stalling.; and Kaskowitz did no-. report these partial correlation coefficients.



prefix "V".attached to their code listing. The first three aggregates,

(Vl, V2, and 10) are related to ClassrooM groupings for all-day activi-

ties, the next :two (V5 and V6) are related to math groupings, and the

last two (V7 aad V8) are related to reading groupings. An arbitrary

weighting system was used in aggregating variables: the sum of,(per-

cent of the ttme an adult was with onechild ), one-half of (percent

of Lilo time an adult was with two children ), one-fifth of(percent of

time an adult was with a small group ), and one-ninth of(percent of

iime an adult was with a large group). The results of the reanalysis

of these fourteen variables are sumaarized in Table 2. It should be

noted tnat this secondary analysis was not overly concerned wich a

close examination of the relationship between mathematics-related

'process variables (i.e. mathematics groupings) and reading achievement,

nor with the relationship between reading-related process variables

(i.e., reading groupings) and mathematics achievement. Attention

instead was focused on an examination of the relationship between

content-related process variables and achievement in that content area.

Seven out of the nineteen relationships between instructional

organ ization variables and student achievement upon which the reanaly-

sis was primarily focused revealed best-fit functions that were curvi-

linear. Both perceat of tine one child was with any adult (var. 109)

(tiee Figure 2) and the weighted percent of time .adults spent with

children (var. V2) (see Figure 3) were found to have upright U-shaped curvi-

linear relationships with mathematics achievement. This indicates
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that,for an individual child, either many child-adult contacte or none

at all seem to be associated with Maximum mathematics achievement. .0n

the other hand, as shown in Figure 4, the number of children involved

Ln mathematics on all of the observed days (var. 140) has an inverted U-

shaped relation to mathematics achievement. Although Stallings and Kaskowitz

reported that this variable "also had high positive correlations with all

of the mathematics test scores" (p. 283), the present reanalysis results

suggest that there may be optimum levels of dhild involvement in mathe-

matics activities. LoWever, because an outlier again is involved, these

results must be regarded as tentative only.

The relationship between mathematics achievement and the percent of

time a teacher interacts with one child in any type of mathematics-

groupings (var. V5) is illustrated in Figure 5 as a cubic.function. There

is the possibility, though perhaps'a remote one, that the elimination of

the outlier could result ih an inverted U curve. As it stands,the data

seem to imply that there is an optimal level of time that a teacher

could spend interacting with a single child. But this relationship is in need ,

of more study before concl.usions can be drawn.

Each of the following variables--child/teacher and aide ratio

(var. 15), percent of time the teacher was with individual children (var.

V1), and percent of time the teacher interacted with one child in any type of -

reading groups (var. V7)--has a significant nonlinear relationahin with reading

residual scores. Figure 6, which presents the relationship between

child/teacher and aide ratio (var. 15) and reading residual scores,

s2
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shows that the optimum ratio is between fifteen and twenty-five children

per teacher/aide. The cubic nature of this variable ,avites caution in

interpretation since the function itself maybe due to an interaction effect.

Figure 7, which is descriptive of the relationship between the percent .

of teacher time spent in interaction with individual children (var. V1)

and reading residual scores, indicates that the optimum percent of

teacher time that possibly should-be spent in interaction with individual

children is between 12-24 percent per class day. The relationship

between the percent of time.a child interacts with teachers in any type

of reading group (var. V7) and reading tesidual scores (see Figute 8) .

was found to fit a qUartic equatxon. While there seems to be a general

trend for achievement to decline as the amount of teacher-individual

contacts increase, there are enough deviations from this trend to indicate

the need for additional analysis.

To date, the Stallings and Kaskowitz study has been a primary source

'of data for reviewers who attempt to synthesize study findings on

teacher effectiveness or process-product research correlations bttween

instructional organization variables and student achievement (e.b.,

Berliner & Roser.,hine, 1977; Gow, 1977; Medley, i978; Rosenshine, 1976,

1977). These reviewers have generally indicated that instances of

children working alone, or of one or two children wrking with the

teacher or aide, were consistently negatively correlated with achieve-

ment. These reanalysis results, however, reveal that mathematics achieve-

ment increases as the percent of time one child is with any adult (var.

109) or as the proportion of the time adults are with individual children

becomes very large (i.e., above 50 percent) (var. V2). The reasons for

these findings are
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not all clear since the nonlinear cubic relationshipi found between aggre-

gated variables and achievement are generally difficult to interpret. This

represents another !et of relationships for which additional study is needed.

Monitoring

:Monitoring is used here torefer to the superidsing activities that

teachers perform to maintain student on-task behaviors. A lack of

monitoring behavior,on the part of the teacher is sometimes inferred

from student behavior. The two process variables listed in Table 3

for the monitoring construct, that is, "percent of time a child was

without adults (V4)" and_"child self-instruction, nonacademic (599c),"

are suggestive of a lack of teacher monitoring behavior. Teachers may

-. well object to such an assumption.

The first of these variables (V4) is a composite 41 "one child

without adults," "two children without adults," "small group of children

without adultS," and "large' gfoup of children without adults." This

complex variable has, a quadratic relation with residualized mathematics

and reading scores that may be bc.3t described as, upright partial U-shaped
/

curves. As shown in Figures 9 and 10, the functions for Iloth mathematics

and reading achievement indicate that residual scores drop rapidly with

increases in the percent of.time that children--regardless of groupings--

are without adults; the scores level off at the 30 or 50 percent mark

and show a very slight but perhaps not highly meaningful increase there-

after. This process-product relationship is essentially a negative one.
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Table 3

Summary of ProcessProduct Relationships: plionitoriag

Process Variables Mathematics Readilg

Mean S.D. Range 1 r R Degree Shape r P, Degree Shape.

V4

599c

?ercent of time a child was
without ad-Its

CL:ld self-instruction,
nonacademic

28.37

4.57

14.83

.5.43

0.0 -
56.80

0.0 -

35.55

-.31/w

.26

.38 x
2

x

\`......... -.301w

-.16 .

.34 x
2

,

x

,.......

*All "r" coefficients of ± .19 or above are significant at the n < .05 level. All "R" coefficients are
significaat at the p < .05 level.

w: This variable is a new composite and was not studied as such in the primary analysis.
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The second variable, which is entitled "child self-instruction,

nonacademic" (var. 599c)," is negatively and linearly related with

residualtzed MAT scores.

Clkrent research (e.g., acDonald & Elias, 1976; Stallings & Kaskowitz,

1974), says Rosenshine (1977), "shows that unsupervised students are

less academically engaged than supervise4 students" (p. 14). This fact,

Ruff suggests, may parti_lly account.for the negative correlations of

lack of teacher monitozing with student achievement. The curvilinear

results found here, especia3ly because of their consisteney across

measures, should not be disregarded without further study. While the

results are not necessarily out of line with previous findings, the

slight upward turn in student achievement with lack of "monitoring"

behaviors suggest that this variable may interact with other

variables, or that the measure itself rcquires further refinement.

aanaaement

According to Ruff, "managcment refers collectively to all the

behaviors teachers exhibit to form the ground rules by which instruction

and interaction occur in the classroom" (p. 26). The process variable

listed in Table 4 for this construct, that is, "adults involved in

classroom management (V9)," is a composite representing the percent of

occasions in which teacher, aide, and volunteer were involved in class-

room management. The correlation of this management variable with stu-

dent achievement was low, negative,and linear.



Table 4

Summary of Process-Product Relationships: Management

Process Variables Mathematics Reading

O. Name Mean S.D. Range r R Degkee Shape r R Degree Shape

V9 Adults involved in class-
room manageuent

8.40 6.98 0.0 -
37.'42

------

.071w x -.I61w x

* All "r" coefficients of ± .19 or above are significant at the p < .05 level. All
significant at the p < .05 level.

HRH coefficients are

w: This variable is a new composite and was not studied,as such in the primary analysis.



The fact that this composite is negatively related to ach7'.evement

is consistent with previous findings. Por example, 1,Wley's (1978) re-

view suggests that teachers whose students show the most growth tend

to devote less time to maaagement behaviors than teachers whose students

are generally low achieving.

Teacher Questioning

The term "instruction" is suggestive of a variety of transactions

that occur between teachers and students and between students and

materials. Verbal interactions are but one aspect of those transactions,

and teacher questioning is but one,aspect of the variety of verbal ex-

changes that may occur during instruction. The process variables listed

in Table 5, that is, "adult academic commands/requests and direct questions

to children (451a, 582c)" and "Pdult open-ended questions to Children

(452a, 583c)," reflect teacher quetaioning behavior with the observational

focas being either on the teacher or the child.

Direct questioning is positively and linearly related to reading

achievement, but curvilinearly related to achievement in mathematics.

These relationships are consistent in that they hold reiardless of the

focus (adult or child) of the observation. The nature of the

curvilinear functions for mathematics achievement may best be de-

scribed as inverted partial U-shapes. Figures.11 and 12 show that

these &irves are Very similar in shape. Such a function suggests

that increases in direct questioning behaviors (and in academic

commands/requests) are associated with increases in mathematics
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4 Table 5

Summary of Process-Product Relationships: Teacher Questioning

Process Variables Mathematics Rending

CN

111111=1

Nosze Mean S.D. Range Degree Shape Degree

La

532e

11:64524

t54.&3:

Adult academic commands/
requests and direct
questions to children

Adult academic commands/
requests and direct
questions to children

A441: o,,en-cnded questions
to children

Ault open-ended questions
to children

7.25

2.15

0.36

0.10

3.39

1.70

0.34

0.21

0.113 -
15.31

0.0 -
8.80

0.0 -
1.73

0.0 -
1.50

.25

.32

-.03

-.04

.30

.36

x2

x
2

.26

.35

-.08

*All "r" coefficients of t .19 or above are significant at the p < .05 level. All "R" coefficients are
significant at the p < .05 level.
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achievement until some maximum is reached; thereafter, they are associa-

ted with diminished marginal returns. The implications of such functions

are not unlike those for inverted U shapes, thoLgeless negative; that

is, some moderate amount of direct questioning seems optimal and more

is simply not more effective.

Table 5 also indicates that adult open-ended questions (vars. 452a

and 583c) have near zero correlations with achievement as measured in this

study.

It is not fully clear how the "direct question" variable relates to

prior research. Medley (1978), for example, indickes that effective

teachers of low-SES pupils ask more lower order questions than ineffec-

tive ones do. However, it seems f irly certain that the three facets of

this variable--namely, commands, r quests, and direct questions--

occurred at such low frequency th t Stallings and Kaskowitz probably

had to combine them. More resea ch and/or analysis is required to

understand better the meaning of these current findings.

Teachers'Reaction to Pupil Responses

This construct is concerned with teacher behaviors during

exchanges with students. The process variable listed in Table.6,

"adult response to child's question with a question (453a, 584c)," with

ne focus either on the teacher or the child,appears to fall within this

construct.

An examination of the linear correlations in Table 6reveals a low

to near zero process-product association for all four. correlations.
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Table 6

Summary of Process-ProduCt Relationships: Teacher Reactions to Pupil Responses

Process Variables Mathematics Readin;

Nam,: . Mean S.D Range

Adult response to child's
q4estion with a question

Adult respon4eto child's
question with a question

0.10

0.04

0.15

0.07

0.0 -
0.78

U.0-
.50

-.05/ §

1.6/

Degree Shape Degree Shape

.04/5 .25

.14'

2

*All "r" coefficients,of ± .19 or above are significant at the p < .05 level. All "R" coefficients are
significant at the p < .05 level.

i: Stallings and Kaskowitz did not report these partial correlation coefficients.



However, an upright partial U-shaped nonlinear association was found

between adult-focused observations on this variable (var. 453a) and reading

achievement. An examination of Figure 13, which displays the curve,

suggests that there may be a threshold effect; that is, this particular

type of teacher reaction seems not to be facilitative initially, but

does seem to become facilitative as the frequency of the behavior

increase. .

Inverted U shapes, as well as negative and positive linear asso--

ciations, have been found by Brophy and.Evertson (1974a, 1974b) for

reading achimvement and the process variable: ftrepeats, rephrases, or

asks new questions." The degree of relationship between current finding

and those of Brophy and Evertson is difficult to assess,- since the

Stallings and Kaskowitz variable is related only to one facet of the

Brophy and Evertson variable.

Releonse Patterns

Teacher-student interactions irvolve pupil res?onses as well as'

teacher reactions. The process variables listed in Table 7, that is,

"all child open-ended questions (450a)", "child's extended response to

questions (454a, 585c)," and "all child-task related commew-s (587c)"

represent pupil response patterns.

Curvilinear functions describe parts of all but one of the pupil

response variables listed above. The all child open-ended questions

(var. 450a) has a low, negative, nonsignificant, linear association with

rcading achievement and a cubic association, which is largely uninterpretable,
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Table 7

Summary of Process-Product VAationships: Pupil Response Patterns

Process Variables Mathematics Reading

No. Name Mean S.D. Range R Degree Shape Degree Shape

4534

454a

Irl:

585c

587c

All child open-ended
questions

Child's extended response
to questions

Child's extended response
to questions

All ehild-task related
coaizents

0.01

0.46

0.37

3.46

0.02

0.54

0.29

2.87

0.0 -
0.14

0.0 -
2.73

0.0 -
1.15

0.11 -
14.56

.10/-49

.35

.26

-.03/-.04

,

.23

.34

x
3

x

x2

x

7.---

-.17

.21/ §

.02/ §

.

-.07/ §

.40

,

x

x
4

x

x- -
*All "r" coefficients of I- .19 or above are significant at the p < .05 level. All
significant at the p < .05 level.

5: Stallings and Kasl.owitz did not report these partial correlation coefficients.

P.

tH coefficients are



with mathematics (see Figure 14). Sihce this behavior (var. 450a) occurs

so infrequently, no firm conclusions can be drawn,at this time.

The child's extended response to questions/adult focus variable

(var. 454a) has a moderate, positive, and llnear asscciation with mathe-

matics achievement and a quartic association with reading achievement'

(see Figure 15). The child's extended response to questions/child focus

variable (var. 585c) has a near zero association with reading achievement and

a quadratic association with mathematics achievement. Figure 16 shows

that this latter extended response variable is best described as a

inverted partial U-shaped curve. Such a function suggests that increases

in the number of children's extended responses to questions are associated

with increases in mathematics achievement until Some maximum is reached,

and thereafter there are diminished returns'in mathematics achievement

gains. On the average, one extended recponse per class period seems

sufficient to maximize outcomes; more than this seems to produce mildly

reduced gains. The all child-task related comments (var. 587c), the

last variable listed, appears to be unrelated to student outcomes.

Rosenshine (1976), drawing primarily from Stallings and Kaskowitz's

data, concluded that pupil responses to direct academic questions are

associated positively with achievement whereas pupil responses to

nonacademic and open-ended questions are negatively associated .iith

achievement. The results of the current reanalysis suggest that the

relationships are much more complex.
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Teaching Activities

By teaching activities, Ruff (1978) means the types of instructional

activities that occur.in the classroom, or what Rosenshine (1976, 1977)

and Berliner and Rosenshine (1977) have discussed under the heading of

"ways of spending direct instructional time."

Of the seven process variables listed in Tabre 8, only "variety of

materials used (V10)"--which is a composite of percent of time the

following instructional materials were used in academic activities:

TV, audiovisual esuipment, exploratory materials, math or science equip-

ment, tests, workbooks, and puzzles and games--showed a nonlinear re-

lationship to achievement. This variable has correlation with

mathematics achievement, but 'an inverted U-shape relationship with

reading achievement. Figure 17, which shows the functional relationship

between this process variable and reading achievement, implies that in-

frequent use of materials in general, as well as frequent use of a

variety of materials, are both dysfunctional; moderate use of either

a.variety of materials or relatively frequent use of few materials--

these issues are confounded in the compositeappears to be optimal.

This type of relationship does not appear to have been addressed by

any reviewer and, therefore, will not be discussed further.

Structure/Control

Teachers differ in the degree to which they arrange instruction

and control student freedom. Tikunoff, Berliner, and Rist (1975) define



No. Name

Table 8

Summary of Process-Product Relationships: Teaching Activities

Process Variables

44

45

82

83

V10

471a

586c

Mathematics

Mean S.D.

Total number different re-
source categories coded
"present" oyer three
days

Total number different re-
source categories coded
"used today" over three
days

Wide variety of activi-
ties, concurrent

Wide variety of activi-
ties, over one day

Variety of materials used

Adults attentive to
large group

All adult instruction

21.02

14.65

3.7,1

4.37

Range

0.0 -
28.00

.

Degree

Reading

Shape r Degree

0.0 -
25.00

-.03

-.03

1.84 0.52 0.98 -
3.33

6.49 1.83 3.0 -
11.33

15.51 8.22 1.19 - -.08/ w
45.00

2.96 2.99 0.0 - -.07
14.84

1.71 1.11 0.05 - .08/.05

6.25

91

-.19

-.30

-.02/w .26

.02

.12

x
2

Shape

-\

*All "r" coefficients of ± .19 or above are significant at the p < .05 level. All "R" coefficients are
significant at the p < .05 level.

This ariable is a new composite and was not studied as such in the primary analysis.

5: Stallings and Kaskowitz did not report these partial correlation k:oefficients.
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4.v

structure as:. "the teacher preparation of students for a particular

lesson" (p. 382). Such teacher behaviors directly and/or indirectly

control student behavior. The Stallings and Kaskowitz variable "child

selection (24)" is a weighted aggregate of four variables, namely:

(1) assigned seating for at least part of the day, (2) children select

their awn seating locations, (3) teacher assigns children to groups,

and (4) children select their own work groups. In general, the rela-

tionship between child selection and achievement is a negative one

(see Table 9); the association with mathematics is linear, and the

association with reading is curvilinear. The curvilinear function is

described as a negatively accelerating curve (i.e., ). Figure 18

shows that reading achievement does not decline until the weighted

scale value exceeds 2 points; thereafter, the,decline is quite steep.

Soar and Soar (i9/6), in describing results across four studies,

indicate that the relatioaship between teacher permissiveness and

achievement is essentially curvilinear, with moderate amounts being

optimal. file current results provide some support for their fiadiags.

Feedback

Information in respect to the correctness of a child's response or

behavior is treated as "feedback." Five process variables, as listed

in Table 10, are examined in this reanalysis; the second and last two

have both an adult and child focus: "adult neutral corrective feedback,

academic (499a) ," "all adult positive corrective feedback (457a, 588c),"



Table 9'

Summary of Process-Product Relationships: Structure/Control

........1=mwseammIplmIMIIOi...oamIm

Process Variables Mathemari,:s

Nane

24 Child 4:e1ection

Kean

1.44

S.D.

1.79

Range

0.0 - -.09
4.0

Am. ,
Degree

Reading

Share

INV

lommolnamows
R. Degree Shlpe

-.26 .36 x
2

*All "r" coefficients of ± .19 or above are significant at the p < .05 level. All "R" coefficients are
significant at the p < .05 level.
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Table 10

Summary of Process-Product Relationships: Feedback

Process Variables

No. Naze

Mathematics J Reading

Range r R Degree Shape R DegreeMean S.D.

449a Adult neutral corrective
feedback, academic

f4574 All adult positive cor-
rective feedback

r
o8c All adult positive cor-

re,:tive feedback

0.89 1.23

2.42 1.20

0:54 0.40

oo 458a All adult negative cor- 0.15 0.28
rective feedback

1-470.a

Adult feedback to children 1.31 0.86
for bei.avior

Adult feedback to children 0.28 0.25
for behavior

All adult neutral correc- 1.56
tive feedback

All adult neutral correc-
tive feeslback

0.23

1.67

0.29

0.0 -
5.23

0.45 -
6.93

0.0 -
2.10

0.0 -
2.18

0.03 -
4.35

0.0
1.20

0.0-
9.35

0.0-
1.6

..23

.38

.31

.05/5

.03/ §

.07/ §

.13 .30

.10/5

.23 .32

.14/ §

.15/ g

.14/5 .21

4E5:

.02/ §

Shape.

4

*All "r" coefficients of t .19 or above are significant at the p < .05 level. All "R" coefficients are
significant at the p < .15 level.

Kaskowitz did not renort these partial correlation coefficients.
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"all adult negative corrective feedback (458a)," "adult feedback to

children for behavior (465a, 596c)," and "all adult neutral corrective

feedback (470a, 601c)."

The adult neutral,corrective feedback, acadamic variable (var. 499a)

hal a positive and linear relationship with mathematics achievement and

.a quartiOrelationship that is largely uninterpretable with reading

achievement (see Figure 19).4 The all adult positive corrective feedback

variables (var. 457a, 588c) are linearly related to both reading and

mathematics achievement. The all adult negative corrective feedback

variable., (var. 458a) has a quartic relationship with reading achievement.

The adult feedback to children for behavior/child-focus variable (var. 596c),

which essentially has an upright U shape, implies.that moderate amounts

of feedback for behavior are not academically facilitating, but extremes

of the behavior are. It is unclear as to why this should be the case

(see Figure 20). The all adult neutral corrective feedback/adult focus

(var. 470a) has a quartic relationship with both mathematics and reading

achievement; but such relationships cannot easily be interpreted.

Rosenshine (.976, 1977) has indicated that in the Stallings and

Kaskowitz study, both teacher praise and criticism are effective when

academically focused. He also notes that teacher feedback is negative-

ly related to student achievement when nonacademically focused. This

latter observation may be in need of reexamination, given the fact that

an upright U-shaped function was found for "adult feedback to childien

for behavior" (var. 596c).
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. quiltties of thEnvironment.,
. e

.
\

g

'Qualities of the environment refer to the affective climate of the

classroom.. Six process variables as liSted in Table 11 are examined

for this re.analysis; of these, the third and :fccurth varable have both

an adult and ckild focus. The variables are as follows: "all child

positive affect '(460a)," "all positive behaiiior (462a);" "child self-

esteem:(466a, 597c)," "child cooperation (467a, 598c),"-"all negative

behavior (594c)," and "child attentive (595c)."

The all child positive affect, all positive behavior', and all

negative behavior variables (vars. 4604, 462a, 594c) have a negative

and linear relationship with achievement.

Child self-esteem, both adult and child focused (vars. 466a, 597c),

has a cubic relationship with both mathematics and reading achievement.

Child self-esteemcis an aggregate composed at least of child -statements

of self-worth and child's extended response to questions; the latter

itself is an aggregate, which only adds to the difficulty oi interpreting

these outcomes. The functions displayed on Figures 21 and 22 suggest that

some amount of child self-esteem prior ta the midrange is associated

with relatively high achievement; surprisingly, increasing levels of

"self-esteem" are associated with decreasing levels of growth, until

some minimum is reached and an upward turn occurs. For reading achieve-

the Lighesi. levels of "self-esteem" are associated with the greatest

gains in achievenent. It is suspected that a number of variables are

in interaction relative to this variable.
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Table 11

Summary of Process-Product Relationships: Qualities of Environment

14.1.4.1.1.
Process Variables Mathematics

No. Name

4h04

402a

!,97c.

467a

t59F+c-

594c

59ic

am. ....111..110.1.1

All child positive affect

All positive behavior

Child self-esteem

Child self-esteem

Child cocperation

Child cooperation

All negative behavior

Child attentive

Mean S.D. Range Degree

0.51 0.73

1.11 1.13

6.67 4.60

6.84 4.65

1.58 1.79

3.45 2.96

0.25

11.74

0.0 -
4.57.

0.0 -
7.74

1.00-
19.03

1.06-
19.24

0.0 -
9.60

0.0 -
14.72

0.47 0.0 -
3.65

5.67 0.0 -
27.50

.21

-.07/-.03

.01/-.il

-.09/-.07

.29 x
3

.28 x
3

.45 x
3

3
.33 x.

ShapeI I.

Reading

Degree Share

-.06/ 5

-.13/s

-.06/ §

-.06/5 ,

.13/g

/"\,/ -.12/5

aw....

.31

.35

: 6

.21

.011010116.

x
3

x
3

x
4

*All "r" coefficients of t .19 or above are significant at the p < .05 level. All "R" coefficients are
significant at the p s .05 level.

: Stallings and Kaskowitz did not report these partial correlation coefficients.
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Child cooperation (vars. 467a, 598c) has a function not too unlike

that of child self-esteem, with reading achievement; that is the highest

levels of cooperation are associated with the greatest growth in achieve-

ment (see Figures 23 and 24). However, since the upward turn is due bp

a single outlier, such an interpretation must be treated with great

caution, and indeed without this case the funk I might well approximate

an inverted U shape.

Child attentiveness (var. 595c) is cubicly related to mathematics

achievement and has a quadratic inverted partial U-shaped relationship

with reading achievement. An examination of Figure 25, which represents

the relationship between child attentiveness and mathematics achievement,

reveal Laat this function is not unlike that for child "self-esteem"

in re:,pect to reading achievement. Figure 26 shows that reading achieve-

ment was maximal for classes having moderate amounes of child attention

and that extremes of attentiveness were associated With decreasing amounts

of student achievement.: The fact that this4Variab1e is an aggregate of

nonacademic and academic attention, as wvll as attention to. machines, adds

a measure of difficulty to the interpretation of this finding. Apparently,

too little and clearly too much attentiveness, especially if the latter

is nonacademically oriented, is nonfacilitative. The reason for the

upward turn for mathematics achievement is less clear.

All variables listed in Table 11 have been dealt with in only

cursory fashion in the literature; they are not the usual ones cate-

gorized as "qualities of environment." The fact that they all are compo-

sites clearly hinders 2fforts to compare these results pith those of

others. Nevertheloss, the curvilinear findings suggest that this is still

another set of relationships in need of additional study and research.
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444.

VI. SUMMARY AND CONCLUSIONS

Data from 108 first grade classrooms included in the Stallings and

Kaskawitz (1974) study were selectively reanalyzed using polynomial re-

gression analysis. This secondary analysis was conducted in order to

search for possible nonlinear relationships between classroom process

yariables and student achievement in reading and mathematics.

Of ninety-five relationships initially selected for reanalysid,

thirty-two were found to be nonlinear. Three of these nonlinear

relationships have an inverted U shape, four are best described as

inverted partial Us, one has a negatively accelerating shape (i.e., "'NO

another has a negatively decelerating shape (i.e., ), three have an

upright U shape, another three are best described as upright partial

Us, and the remaining functions were either cubic or.quartic. Shapes

'referred to by Brophy and Evertson as"candy canes"were not found in this

reanalysis. Some of the cubic and quartic functions could, if minor

variatiOn were disregarded, be _treated either as inverted U or upright U

shapes. All these nonlinear relationships are summarized in Table 12.

Inverted U-shaped functions were found to describe the relationship

between mathematics achievement and the following two process variables:
.;

"percent of time spent on numbers, math, arithmetic (66), " and "total

weight in math groupings (140)"; and between reading achievement and

variety of materials used (V10)." Inverted partial Us best describe

the relationships b3tween mathematics achievement and the following

process variables: "adult academic commands/requests and direct

questions to children (451a, 582c)" and "child's extended response to

questions (585c)"; and between reading achievement and "child attentive

(959c)." Brophy and Evertson indicate that inverted U-shaped curves:
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Table 12

Summary of Nonlinear Functions

Degree
_

Shape
Variables

Mathematics Reading
. " .

Quadratic
Inverted U (e-N) 66(1)**; V10(8)

140(2)
Inverted Partial U r*N/0"9 451a(5), 595c(11)

..582c(5),
585c(7)

Positively Decelerating ( )

Negatively Accelerating ( ),

Negatively Decelerating )

,2ositively Accelerating )

24(9)*

165(2) *

Upright Partial U( ,,) V4(3) V4(3)! 453a(6)

Upright U ' 109(2); V2(2, 596c(10)"

Cubic
V5+(2),

.. 15+(2), 466a(11),
4314(7), 197c(11),
466a(11), 467+(11), '597c(11).

V1+(2)
467a+(1 -,

- 595c(11)

Quartic
470a(10) 4541T7),'.449iX10)

458a(10), 470a++(10)
V7(2)

+: Minor variation of a besically inverted U shaped curve.

++: Minor variation of a basically U shaped curve.

*: Brophy and.Evertson treated this type of curve as a
decelerating curve even though in this .reanalysis it had a
cubic function.

* *

4

Numerals in parentheses refer to tables as found in Section V.
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Depict a relationship ili which some medium or optimal amount
of the . . . process variable is associated with.highest scores on
the product criterion variable, with either too little or too much
of the . . . process variable being less desirable than the
medium optimal amount. (p. 22)

A negatively accelerating-curve test-describes fhe telationship found

between reading achievement and a weighted composite called "child

selection" (see Figure 18). A negaLively accelerating curve (i.e., ""40

generally indicates that low levels of the process variable being examined

are marginally facilitative, but with increased levels the process vari-

able becomes increasingly dysfunctional; the decline is initially a

graduayne that becomes steeper with every increment in the process varia-

ble. A negatively decelerating curve may be used to describe relationships

found between reading achievement and the variable "all children without

adults in reading" (see Appe;tdix, Figure D). A negatively decelerating curve

generally indicates that low levels of the process variable

being examined are marginally facilitative, but with increased levels

the process variable quickly becomes dysfunctional, until a point is reached

where there is a near zero rate fif decline. However, in this reanalysis

the latter-mentioned variable, that is, "all children without adults in

reading (165)," is best described as an L-shaped curve. Such a function

indicates that there is essentially a zero correlation between the two.

variables for most levels on the process variable, usually with some

exception. In fhis instance, the shape was due to data from one extreme

class.

Upright U-shaped curves were found to describe the relationship



between mathematics achievement and the following.two variables:

It

one child with any adult (109)" and "classroom groupings: percent of

adult-individual child interaction time (V2)." The same upright U shape

4eacribes the relationship between reading achievement and "adult feedback

to children for behavior (596c)." Upright partial U curves were found

between mathematics and reading achievement and the "percent of time

a child was without adults (V4)," and between reading achievement and

"adult response to child's question with a question (453a)." Upright

U-shaped.curves indicate that either low or high levels of the process

variable tend ba be associated with greater achievement gains. With only

a few exceptions, relationships of this sort are hard to interpret.

Brophy and Evertson feel that such curves "appear to be inherently uninter-

pretable . .. without othei information about how a variAble might be

interacting with other variables" (p. 25). Since such relationships

usually appear when the process variable is multidimensional (as in

cases of aggregated variables) and/or' when in interactions with context

or other variables (11-rophy & Evertson, 1976), such cases suggest the need

for further study and analyses.

Cubic or quartic functions, which are even nore difficult to inter-

pret, were found for seven of the process variables as related to

mathematics achievement. Ten process variables have a cubic or.quartic

relationship with reading achievement. Five of these functions were

basically minor variations of inverted U-shaped functions, and one is

basically an upright U-shaped function. Again, the meltidimensiOnality
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of the process variables 4,nd/or their interaction with other variables

quite possibly are responsible for the nature of these functions.

Furthir analyses and studies are needed to understand the root causes

of_thes-e-funetions-fiftv theve-particular-wrIAVIws:--

The findings of this secomeary analysis effort show that in sone

instances, similor curves were i'btained for the same variable across

content areas (i.e., reading and mathematics) and/or across adult-

focused and child-focused data. This suggests that the results are

consistent and have meaning, although that meaning may not always be

readily apparent. On the whole, quadratic functions are more or less
0

easy to interpret, that is, givendia straightforward process variable and

not a composite. In general, most of the nonlinear quadratic rdlation-

ships found through the present reanalysis, especially those described
.

as inverted Us, inverted partial Us; and/or accelerating and decelera-

ting curves, seem generally to be interpretable and, therefore, may be ,

said to prtie more worthwhile information than linear relationships

alone.

Several cautionary remarks seem due at this point. First, Cronbach

(1976) has cautioned against instigating a blind search for nonlinear

relationships: "Nonlinearities may reasonably be explored, but unless

there is a rationale for predicting nonlinearity, little credence can be

given a nonlinear relationship the first time it turns up" (p. 3411).

In response to Cronbach's remarks, it is to be noted that'the variables

used in this reanalysis were selected on the basis of prior research

findings and other theoretical considerations; it was not a random process.
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Second, as mentioned in the methodology,section, class mean reading

and math scores were residnalized on claw; mean MAT scores because of

existing conditions. It remains to be shown whether or not similar

curves will obtain if the Achievement test scores are residualized at

the student level.

Third, statements made in this paper regarding "optimal" levels of

classroom practice were not intended to be applied indiscriminantly;

they are generalizable only to lov-SES first grade children similar to

the children studied ,by Stallings and Kashowitz. In addition, these

secondary rlanalysis findings should be treated as being tentative and

in need of confirmation.

Fourth., several of the reported nonlinear relationships are almost

certainly caused by outliers. Without these outliers .the functions would

differ considerably. Some functions might even prove to be linear,'(others

quadratic),, forcing conClusions drawn here to be substantially

modified. An extremely conservative approach to this analysis might have

4 been to drop all outliers. This alternative wat r:t. elected, and outlier

data was treated as if they represented real Soar aad Soar (1976)

have suggested that "perhaps researchers have been protected by teachers

who have . . . not produced extreme amounts of the behaviors under study

(p. 265). Perhaps some of the teachers in the Stallings and Kaskowitz'

study were not as protective of researchers as is usual of their colleagues.
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APPENDIX:

PROCESS-PRODUCT FUNCTIONS

NOT INCLUDED IN SECTION V
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Figure A. The process-product function for "percent of "child time" spent onnumbers, math, arithmetic" (R/66)--as related with reading achievement.
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