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Abstract

A

The possibilities and problems in the use of within-group slopes
of outcomes on inputs as indicators of ‘substantive group effects are
considered. Slopes are proposed as outcome measures which may reflect

L)

within-group processes in’between-gréup analyses of multilevel data.
Re§earch on aptitude x treatment interaétions, contextual effects and
school effects provide a theoretical rationale for the proposed methodol-
ogy. Data from the IEA Si; Subject Survey are used to.illustrate how

a group-level analysis with slopes as-outcomes might look. Finally,

the statistica],'gmpiricg1, shbstantive, and communication problems

that  arise from the use of slopes as outcomes are discussed.
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Slopes As’ Outcomes

In recént years, there has been an increasing awareness that a
thorough investigation of the effects of educational proéesges requires
a multilevel examination of educational data (Burstein, 1950a, 1980c;
Cronbach, 1976; Haney, 1974). Because of its multilevel (more precise1y,
hierarcﬁiéa]) organization, the effects of.SChooling on individuaT pupil
‘performance can exist both .between and within the levels of.the educational
sysfem.‘ MoqeoVer, analyses ét different levels address different ques-
tions and anaiyses conducted at a single level in such contexts have
inherent problems.

Though choosing a unit of ana]ysis‘domiﬁated past discussions,
expecially in program eva]uatiqﬁ (cf. e.g,, House, Glass, McLean, &
Walker, 1978), current emphasis has shifted toward lettifig the choice of
analytical modal be dictated by the substantive processes under inves-
tigation (Burstein, 1980a, 1980b, 1980c; Burstein & Miller, 1978;
Cronbach, 1976; Haney, 1974). That is, investigafors are devoting
greater attention to the development of adequate theories of educational
processes and the dete;mination of analytical methods for identifying
the effects of such processes. These two activities are the basic
elements in the speéification of appropriate analytical models.

Within the domain of research on educational effects, the sub-
stantive processes in operation are func%fons of the characteristics of
pupils (e.g., aptitude, previous exposure, motivation), chéﬁacteristics

of the classroom (e.g., instructional content and organization, peer
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abilities and support, teacher style) and characte?ﬁ§Fics of the school

(e.g., physical resources, academic atmosphere). Morergr3 these

substantive processes have collective (for the class or s:hqgl as a

whole) as well as individual effects (e.g., Burstein, 1976, fEB a,

N~ -7

1980b, 1980c; Burstein & Miller, 1978, 1980; Cronbach, 1976; Wile) 1970).

Given these features of multilevel educational data, the primary diffi
culties in proper model specification are the determination 6f the key
substantive questions gnd the identification of evidence from the
multiple levels that can potential]& resolve them.

There are various aspects of the problem of proper mode] specifica~

3

tion with mu1t11eve1 data. On the one hand, there is a need for clearer
conceptualization of the connections betweep properties of g;oups (ability
level, cohesiyeness) and the processes with}n groups (learning, inter-
action, participation). On the other hand, £he special features of
multilevel educational data call for special analytical methbds designed .
for their examination.
This paper represents one attempt to mold analytical methodology
to the special needs of multilevel daté. Specifically, its pd?pose is
to consider the possibilities and problems in the use of within-group

slopes of outcomes on inputs as alternative indicators of substantive

educational effects.

Theoretical Rationale

-~

For the remainder of,the»pabér;nﬁe restrict our attention to various
types of field studies of educational effects and assume that the sub-
stantive qdestions of interest warrant group-level (classroom or school)

analyses. For example, an investigator might be interested in performance
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differences of classrooms which vary in their degree of structuring,

emphasis on basic skills, or emphasis on cooperation. In such cases, it
is possible to view the sampled classroomsas alternative “treatments"
which vary aiong mul tiple dimensions and examine the relationships between

hed

a class's scores on the varicus dimensions and its outcomes. Much of the .
process-product research on teache} effectivenes§ (e.g., Anderson, Evertson,

& Broghy, 1978; Brophy & Evertson, 19745, work on education production

functions (e.g., Averch, Carroll, Donaldson, Kiesling, & Pincus, 1972),

and school effecfs research (e.g., Coleman, Campbell, Hobson, Manrt]and,

Mood, Weinfeld, & York, 1966; Camber & Keeveg, 1973) fits the above descrip-

tion. To some degree, 1argé—sca1é evaluations of educational intervéntions

such as Project Follow Through'(House, et al., 1978; Stebbins, St. Pierre,

Proper, Andérsen, & Cerva, 1977) can be viéwed in a similar fashion

(Rogosa, 1978). .
Regardless of the type cf field study being conducted, once it has

been determined that the substantive quéstions of interest warrant
examination of differences among groups, the type of between-group effects
one expects to find remain to be specified. hWhile analyses of the relation-
shiﬁs between "treatment" dimensions and the mean outcomes of groups often
provide useful information, important differences in within-group
processes may be obscured. These within-group processes may arise due
to group composition (e.g., abi]it§ level and mixture_affectingwpartici-'
pation'patternsl, differential allocation of instructional resources among
the mempers of the grggﬁ (e.g., the grouping and pacing features of
reading instruction), or differential reactions of group members to the
same instructicnal treatment‘(aptitude-treatment interactions).

If jmportant group-to-group differences in within-group processes

exist, then the use of group means as the only indicator of group outcomes

-




can result in misleading or, at least, incomplete estimates of group 1
(teacher/c]ass/schgo]/treatment) effects. In such cases, other indices ‘
of group outcomes such as the standard deviation (Brown & Saks, 1975;
Klitgaard, 1975; Lohnes, 1972) shbu]d be considered.

i Our interest in alternative measures of group outcomes has concen-
trated on the pgoperties of the within-group slopes from the regression
of outcomes on input (qustein, 1976, 1980a, 1980b; Burstein, Linn, &
Capell, 1978; Burstein & Miller, 1978, 1980). Within-group slopes may N
-be viewed as group-level indicators of within-group procesges. Moreover,
differences in slopes aéross groups can be the result of substantive
educational effects.

That is, we suggest that variation in slopes across groups can o

reflect the influence of group charact@ristics such as the level and
distribution of instructional resources, For example, the relaticnship
of ability to ach1evement within classes w1th educational "treatments"
involving high 1eve1s of emphasis on groug)hg and pacing may dif fer
markedly froq‘classes with Tow levels oﬁ/these "treatment" characteris-
tics. Under circumstances where classrqoms differ on what are perceived
to be important instructional chanactey%stics, it seems logical to inquire

about whether, ceteris paribus, these differences are systematically

related to variation in the within-class relationship of ability to
achievement. If such'ké]ationships exist, then it can be argued théf the
viithin-group slope, a groub-]evg] outcome, varies as a function of a
within-group process. Later on we provide some caveats about attempts

to account for slope differences. ‘

\
To our knowledge the spec1f1c features of our approach for analyzing

variation in within-groups s]Opes have not been previously 1nvest1gated




in educational research. Interest in the potential substantive importance

of heterogeneity of within~group regressions i§, however, not new.
Slope heterogeneity is studied in psychological research on aptitude-
treat&ent interactions, in socioiogical research on contegi effects, and
in work on interactive effects of opportunity to learn. Before describing
our own conceptual and empirical work on slopes as. indicators of group
outcomes, we review briefly the literature on these topics.

Heterogeneous Slopes as Antitude—Treatment Interactions

Research on aptitude-treatment interactions (ATI; Berliner & Cahen,
1974; Cronbach, 19765 Cronbach & Snow, 1977; Cronbach & Webb, 1975; Snow,
1976) provide the original impetus for our examination of within-group )
slopes. The logic of ATI research is built on the substantive significance
of differences in within-treatment regressions. For example, it may be
theorized that a QEthy structured presentation might lead to a weaker
relationship between entering aptitude and final achievement than would
a treatment with less structure; or a competitive treatment would lead to
a stronger re]ationship'thaﬂ a cooperative treatment.]

ATI logic can be cangﬁed to the level of the individual groups (class-
rooms, schools). Each c1;ssroom becomes a treatment whose characteristics
may be measured along several dimensions. If classrooms contain pupils with
similar distributions of entering characteristics (e.g., comparable pretest
and aptitude distributions), then differences in within;class slopes
would be anticipated on the basis of knowledge of differences in instruc-
tional metﬁo&s and resources. For example, it might be hypothesized
that there would be flatter slopes for classrooms in which the teachers

target instruction to improve the performarice of 1ower-abi14ty-students

than in classrooms where students are allowed to learn at their own rate.
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There are several examples of the consideration of heterogeneous

within-group regressions (nested within treatments) in the recent ATI
literature (Corno, 1979; Cronbach, 1976;1Cronbach & Sno;, 1977; Cronbach
& Webl, T675; Greene, 1976, 1980; Gustafsson, 1978; Snow, 1976). For
example, in their multilevel reanalysis of the Anderson (1941) data on
drill vs. meaningful instruction in arithmetic, Cronbach and Webb (1975)
found that class-by-class regressions (N=18 classes) varied greatly.
However, they considered the overall proportion of variation due to
within-class regressions %o be small (4.1 percent for the drill treatment
and 6.9 percent for the meaningful'treatment). Moreover, several unusual
slopes could be traced to the effects of outliers (anomalous students
within classes). Cronbach (1976) reached simitar conclusions in a reanalysis
of sé]ected data from the Cooperativé éeading Stﬁdy (Bond & Dykstra, 1967){
Greéne (1976, 1980) investfgated the effects of choice (when, how long,
in what sequence) and no-choice treatments on learning from workbook e‘
lessons. Both treatments were randomly assignad to half of the students
in nine fourth and fifth grade classes. The heterogeneity of within
half-class regressions of outcomes on general ability is striking (see
Figure 2, p. 84 in Snow (1976) and Figure 1, p. 298 in Greene (1980)).
Khile acknowledging the limited stability of slopes based on approximately
12 observations, both Greene and Snow point out notable wifhin-class )
differences which are consistent with theorie§ about the appropriate
aptitude-treatment match. , . /
In the studies cited above, the examination of heterogeneous within-
group regressions was only of secondary interest. Treatments were

considered to be discrete; a class is in either treatment A or treatment B. f




Variability in slopes across classrooms within treatments, represented
either a nuisance or food for thought.

Despite its theoretical soundness, the practica] mechanics of

extending current lines of ATI inquiry to tne consideration of classrooms

as distinct treatments which vary quasi-continuously along a number of
‘dimensions are complicated. Each new treatment dimepsfbn and for that

matter, aptitude dimension; forces the investigator into the consideration

of a higher-order interaction (Cronbach, 1975). Though extention via

the general linear model is seemingly straightforward, current methods

of conceptualizing and analyzing higher-order ATI's lack substantive

Py

and statistical power. The requirehents for valid and reliable .indicators

-

of treatment dimensions may be too difficult to surmount given the present
state of knowledge in this area.
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Slope Heterogeneity and Context Effects

A concern for the heterogeneity of within-group relaticnships is

fundamental to certain approaches to contextual analysis in sociology

and political science (Boyd & Iverson, 1979; Valkonen, 1969). Contextual

analysis is the study of the effects of proggrties of groups or collectives
H
on individuals (Lazarsfeld & Menzel, 1961).

In its extended form (cf. Boyd & Iverson, 1979), the basic contextual
model specifies. that an individual-level dependent variable (Y

ij) is a
function of individual-level explanatory variables (X

ij)’ their group-
level counterparts (Xi ) and the interaction between individual-level and

group-level variables (X..X: ):

ijii.’e ’
Yij = a + a]Xij +BoRs # 33(Xijxi.) * ey (1)
A typical contextual analysis interpretation is that a nonzero value of

B3 (or a significant heterogeneity of regression in an éha]ysis of
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covariance) implies that the relationship between’X and Y varies as a
function of the level of the group on the explanatory variable.

More generally, Boyd and Iverson (1979) suggest that the connections
between within-group relationships and specific properties of groups be

inve%tigated in the two regression equations:

o

;= F(W:) + ug | (2)

F(HS) + vy o | | (3)

B

j
group regressions of Yijfon Xij arid the wi measure certain properties

In (2) and (3), o, and g; are the intercept and slope from the within-

of groups and F(yi) denotes an unspecffied functional form of the @i.
Boyd and Iverson (1979) consider in detail the case where Wi = Xi.
and i]]us%ratp how various combinations of individual, géoup, and inter-
actio; effects“give rise to specific effect estimates in group-level
analyses of mean outcomes. They also describe how their form of contextual
analysis would groceed when group\yariab1es other than those based on
group means are used (Section 3.4). -
It is clear that the BoydlIverson approach to contextual analysis o
recognizes the integ;al role of within-group slopes in the examination '
of group properties and processés.‘ However, their treatment is purely
didactic. At present there are no actua] empirical examples of how sﬁch_
an analysis might look. Moreover, the impl}cation,bf the specific form

of heterogeneity reflected in (1) needs to be addressed.

Interactive Schooling Effects of Oppertunity to Learn .“-

- Though approached from a different methodological perspective;
Sorenson and Hallinan's (1977) reconceptualization of school effects also

embodies underlying heterogeneity of relationships across schoqgls. Théy

ne




view learning as a time-dependent process wherein the variation in the
-amount of learning achieved/j;/a function of three concepts -- ability,
~effort,-and opportunity to learn. Sorenson and Hallinan offer a speci-
f{cation for the interrelations among these three concepts in which the
effects of ability and effort on Tearning afe.constraineg by the opportunity
to learn. They carry the reasoe}%ﬁ avstep further to suggest that ’
between-school variation in oppéftunjty to learn can Tead t@ heterogeneity
among schébls in the relationship of ability and effort to learning. -
Sorénson and Hallinan's proposed specification is a differential

equation model for change in achigvement. However, they point out that

a reasonable representation of their conception of the learning process

can be found through the estimation, separately for each school .(cla$sroom)

(Sorenson & Hallinan, 1977, p. 278), of the regression of achievement
after exposure to a learning process of length t on initial achievement
and individual characteristics representing ability and effort.
According to Sorenson and Hallinan (p. 278), variation émong schools
in the relationship of achievement at time t to initial achievement
provides information on the variation in opportunity to learn. Thus,
they anticipate differences in within-group slopes (of po§t—achievement
R on‘pre-achievemenﬁb which would reflect thé interactive effects of
schooling which aﬂise through differences in opportunities for 1.arning.
To emphasize further their perspective, Sorenson andea]]inan focus

directly on slope heterogeneity in their empirical example.




» described above has involved natural extensions ot the general linear

"to be explained. That is, we examine the use of within-group siopes of

‘of his argument that the collectivity (c]éss, school, etc.) is the

- <

-

Examining Slopes as Outcomes
s e

-

With tne exception of:Sorenson_and\na1linan (1977), the research

mode! to 1ncorporate hypothesized heterogeneous within-group regressions.
the multilevel AfI'woﬁk to date relies mainly on aescfiptions and dis-
cussion of plots of within-group }egressions'accompanied by information

on variance decomposition (e.g., specific within-g]ass variation vs.
pooled within-class variation). And, while the modeling of the within-
group regressions in (2) and (3) is an integral part of the Boyd-Iverson
contextual analysis, this activity is viewed as secondary to the examina- °

«

tion of the general model (equation (1)) and its associated variaﬁce

—

decomposition.
N

Our emphasis departs from the work cited above in that the within-

group slope becomes an additional integral variable whose variation is

outcomes on inputs as a criterion measure in studies of educational effects.

Wiley (1970) was apparently the first to suggest this strategy.. As part

appropriate unit of analysis in educational evaluation, he commented that
the focus on the mean level of achievement of the collectivity may be
too narrow. Wiley suggested that the moments of the achievement distri-

bution, contrasts between sub-popu]étions and regression coefficients might

he uséd as criterion measures fbr'évaluating the differential effect

of instructional treatments on individual pupils.

L4

Our reason for considering slopes as outcomes is that there may be

“« #

instructional effects on the within-group regression of outcomes on

14




input, whether there are instructional effects on group mean performance

or not. If slope effects are present, the analysis should attempt to

isolate instructional process and practice variab]e; that are associated

with slope variation. If such variables can be found and alternative

explanations cannot be ruled out, then variation in 'sTopes becomes an

important source of 1nformat1on for researchers and policy makers,

expec1a11y when considered along with effects on cthér group- 1eve1 outcowns
In practice, our empirical investigations have treated w1th1n-group

slopes as one of several outcomes in a between-group analysis. In the

example to follow, we looked at‘fhree group-level mo&e]s:

Vi = * ki, *asdy, *oe ( (42)
B =ap *ogky, * oSy *ep (4b)
oy, =g+ gk, + el * e : (4c)

1

In the above Xi and $; denote vectors of input (background) and schooling

characteristics, respectively. Yi is the mean of the distribution of
outcome scores within group 1. éi is the slope from the regression of

outcome on input (in this case, a measure of verbal ability) in group i-

~
~

Gui is the standard error of estimate from the regression of outcome on
input within group i.

The y's, 8's, and &'s are coefficients from the three regression
equations based on group-level data. The ¢'s presumably reflect any
systematic effects o} schooling characteristics on slopes. This interpre-
tation of 8's is directly relevant to an elaboration of the components of
educational effects on pupii 6uf§oﬁé§;yv -

The actual analysis for slopes is a two-step procedure whereby

the within-group slope is estimated separately for each group before

N

H




»

being used as an outcome measure in equation (4b). There are multiple

background factors in the empirical analysis. However, wé.goncentrate

strictly on the regression of outcome on a single input (verba]_abgiity)
.. for the sake of explanation and because we believe tnat the slope 'dif-

ferences for other background variables are inconsequential after vefbh] . . |

ability is controlled. . o ‘ i

The choice of standdrd errors of estimate as a group. outcome W

represents a departure from earlier use of standaro deviations as group :

outcomés (e.g., Brown & Saks, 1975 Burstein, 1980a, 1980b) However, ﬁg
our focus on heterogeneous w1th1n -group slopes dictates against con- o i :
sidering the standard deviation as an indicator. Groups with similar ’
distributions (é.gc, econdard deviations) of entering student character-

P——

istics would be expected to have different outcome distributions if,l ‘
instructional practices led to variation in slopes. That is, hetero- =
geneity of regression across classes would result in the heterogeneitf
in standard deviations of outcomes across groups wfth similar standard

deviations on entering characteristics. Thus, slopes and standard

deviations are 1ikely to be correlated (as they are here, see Table 1).

The standard error of estimates, however, can serve as a measure of out-

‘come variation across\groups that is not likely to be related to the

slopes. As a consequence, the var1ab1es that predict -variation across

groups in the standard error of est1mate should be either background
conditions not adequately ref]ected in the slopes or schooling character-

istics that influence performance in a manner not systematically related

to entering characteristics.

In earlier work (Burstein et al., [978), hypothetical data were

generated to examine the effects of heterogeneous within-group slopes on
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the results_from several ana]yfjéél mode]s'for identifying educational
effects. Under the conditions studied, when differences in Within-group

slopes were systematically related to teacher/class characteristics,

the slopes-as-outcome analysis (equation 4b) exhibited. desirable properties.

This analysis, when conducted in conjunction with class-mean analysis
(equation 4a), identified the direction and, to some degree, the severity
of bias in estimating .teacher effects on class mean outcomes. It also
suggested that such an analysis might help to disentangle the multiple
effects of schooling. Below, we carry this activity a step further by -
examining the effects of schooling on all three group outcomes (means, .

slopes, standard errors of estimate) in a specific empirical example.
An Empirical Example

To make the above discussion more concrete, we elaborate on an
empir%cal'example using IEA science data on U.S. fourteen year-olds (see
Comber & Keeves, 1973 for a description of the original study) which
has qun pFesented previously in somewhat different forms (Burstein;
1980a, 1980b; Burstein & Miller, 1980). In this example, a school-level
analysis (N=107 schools) of factors affecting science test performance is
considered. The explanatory variables include ascribed background
characteristics (sex, socioeconomic variables), a concurrent measure of
verbal ability and two characteristics of science instruction (instruc-
tional approach and present exposure to science) (sgi Table 1 for a
description of variables). Af]lexplanatory variables are school-level
averages of individual student responses. Thus, it is possible that the
group-level effexts discussed here are in part simple aggregations of

individual effects (Alwin, 1977; Boyd & lIverson, 1979; Firebaugh, 1978).

.
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The science test was used as the outcome measure and the verbal

ability test was treated as a proxy for the input measure. That is,

* science Ecpres were regressed on verbal ability scores within each school.
Longitudinal data with pre and post 1nstruction‘measures would clearly be
preferable to the cross-sectional data that were used in th%s example.

The verbal abi1it§ score is only a crude proxy for a pre-instruction
measure of stuqént ability. It is adequate, however, for the illustrative
purposes of this paper.

The mean’science score, the slope of the regression of science on
verbal ability, and the standard error of estimate from the-regression
were then taken as the three descriptors of science achievement. outcomes
for a school. These three outcome indices were then regressed on the
background and explanatory variables. Table 1 provides descriptive
data on the variables included in the regression analysis. Note that
within-school slopes are strongly reiated to the standard deviation of
science scores (r=.52), but are weakly related to school mean séience

* score (.18) and the standard error of estimate (.10).

' Table 1

standard errors of estimates on schooi means on background and schooling

characteristics. The same set of explanatory variables has been used

in all three analyses for comparisoh purposes though in theory, different

characteristics could be expected to influence the different indicators

of group outcomes.

Table 2 presents the school-level regressions of means, siopes, and
|
|
|
|

’
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. Substantive interpretations of data such as those in Table 2 would
presumeb1y deal with each outcome in turn. In the present example,
the model for ‘explaining.variation in school mean science performance .
displays a‘relative1y good fit. ”%he coefficfents for the two schooling
characteristics suggest that for schools at a given level on background

character1st1cs perfonnance is h1gher when students are receivingm
/

science instruction and when s§1encé instruction emphasizes discovery

methods.

The examination of the effects of schoo]fng charactenistics on
within-school slopes (table discussed below) and standard errors of
estimate does appear to elaborate hqw a schoef's science performance is
affected. The coefficients from the standard error of estimate mode]
suggest. that variation of individual performance about the within-school

_regression is greater in schools in which students report a large number

- of books in the home and high exposure to science instruction.

We can think of at least two mechanisms that might account for the

science instruction effects on the standard errors of estimate. First, it

is possible that in schools with more opportunity for exposure to science
instruction, students ujth similar verbal skills may vary in the degree to

which they forego or take full advantage of increased opportunities. As a
consequence, there would be large differences in science perfonnance of

students with similar verbal abilities simply due to differences in actual

versus possible exposure to science instruction. Alternatively, schools

with high levels of science instruction pay require students‘with similar s

verbal skills fo receive more s¢ience instruction than in schools with

Tower levels of science instruction regardless of students' interest in

science or aptitude for seience study. In such schools, variation in




science scores for students with similar vejgbal abilities would be
expected to the degree that science ap}itude and interest mediate per-
formance. Under either condition (differential opportunity, or low _
aptitude aqd/or interest wi}h similar opportunity), it,1is reasonable to
'expect substantial variation of science perfgrmance among stuQentgxwith
similar verbal 5b11it1es in schools offering greater opportunities.

The effects of the schoolihg variables instructional approach and
‘ampunt of science_instruction'on the slopés provide ah indication of
which students benefit J

. . i
practices. The relationship of a student's verbal score to their

science score is abparent]y stronger in schools with high (verbal) ability

stu&ent§i~wfth a high proportion of male students, with more exposure to
science and with greater emphasis on discovery approaches. To grossly
simplify matters, given two schools with the same sex ratio and overall
mean verbal ability scores the difference in performance betweeh a student
with a Tower verbal ability and one with higher verbal ability would be
expected.to be greater in'$he school offering more science instruction

and utilizing a discovery éperoach.
To highlight the contrasts, expected differences in science scores

were estimated for hypotﬁetica] students at various levels of verbal
ability in schools with below average, average, and above average levels’
of discovery approach to instructioﬁ (EXPLORE) and amount of science
insFruction (SCIINS?) and at the-average on all other variables (see
Table 3). _For the extreme cases in the table [(+1,+1) and (-1,-1)],
the difference in science 'scores hetwgen a school's lower and higher

verbal ability students is expected to be 1/2 of a standard deviation
((9.7 - 5.7)/8.1).




The results in Tables 2 and 3 suggest that greater opportunities
for science study and a discovery emphasis in science instruction do

lead to higher pupil performance on the average. Instruction which em-

.

phasizes student self-direction (selection) of learning goa]sband inductive
problem-solving tends to madnify pre-existing differences in pupil
skills. Higher ability students tend to make more appropriate choices
and learn better under these cohditions than lower ability students.
The' steeper within-group-slopes with greater opportunities‘fbr exposure
to science instruction and with greater emphasis on individual exploration
are consistent with results from research cn informal/open
individually guided/less structured instructioﬁ (e.g., Bennett, 1976y
Peterson, 1977; Stebbins et al., 1977).

The above discussion probably overemphasizes the practical, impact

of the schooling characteristics. In order to gain a better understanding

of the 'source of the iﬁpatt, the within-school régressions for the ten

scheols with the highest EXPLORE and SCIINST scores and the ten schools

 with the lowest are examined. Figures 1 and 2 contain lines showing the

regression of science scores on veéba]nabi1ity for the high and Tow
EXPLORE, and high and low SCIINST schools, respectively. The endpoints
of the line for each school coincide with points plus or minus one

within-school standard deviation from the school's mean on verbal ability.

(3]
s
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There appé;r to be some discernible patterns. In Figure 1; four
out of the fj C; schoo]s w1th the highest slopes (E, K, M, L, and P) were
high EXPLOBE schoo]s while all five of the 1owest slopes (A, B, D, G, H)
Were Tow EXPLORE" schoo]s The high EXPLORE schools had a mean slope of ‘
.93 with/a standard deviation of .40 while the Tow EXPLORE schools had a \
mean slope of .48 with a §tandard deviation of .44, a statistically ‘
s1gn1ﬁ1cant difference (p < .03). The differences are most marked
for déhoo]s with average mean verbal ability.

// The plots for schoo]s with high and Tow levels of science instruction
apé less clear than those for EXPLORE schools (the EXPLORE and SCIINST
séhoo]s are not the same though they overlap). There are several schools
with Tow verbal ability and high science exposure {e.g., K, P, T) or
high verbal and Tow science exposure (e g., H, I), so contrast1ng
exposure at a given 1eve1 of ability is 1ess informative. The within- :
schoo].s]opes in 1ow science instruction (SCIINST) schools tend to increase
with ability whiie the slopes in the high'in;truction schools seem.to
vary less systematically. The mean and standard deviation of the slope
distributions were .87 and .34, respectively, for high SCIINST schools and
.65 and .43 for low SCIINST schools, a statistically nonsignificant
difference (p < .22). ‘Clearly, there is a need for a more fine-grained‘

look at schools with specific combinations of EXPLORE, SCIINST, and
verbal abitity.

Problems with Slopes as Qutcomes

Despite their theoretical and empirical appeal, the use of within-

group slopes as outcomes is fraught with problems. The/prob%éﬁE/E;;;r

"y
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a broad research universe: statistical, empirical, substantive, and
comunicative. We briefly discuss each type below.

Statistical Problems

¢ The mathematical .properties of slopes as outcomes are not well
understood. We are'éssentially treating the within-group slopes as a
random vafiab]g with an unknown underlying distribution. Our logic is
somewhat related to econometric Qork on random coefficients regression
models (e.g., Akkina, 1974; Maddala, 1977; Swamy, 1970) though econo- /
metricians typically deal with the case where slope variat{on is a random
variable unrelated to the explanatory variables in the model (for ank
exception, see Hanushek, 1974).

The criticism that within-group slopes should not be treated as
random variables is troubling, hut certainly not fatal. There are too
many instances in behavioral research where sensible analytical work has
been conducted without mathematical confirmation of the appropriateness
of the distributional assumptions in the measurément of a crucial
variable. Any score which is a simple sum “of other scores is also sub-
ject to uncertainties. _The final line of defense against the statistical
criticism is that 1ike any other‘measqre of unknown properties, it is
necessary to have a sgungxtheorééical rationale for using it, to demon-
strate its empirical uéi]ity, and seek to identify and disconfirm any

counter-interprétjyions to theoretical and empirical evidence.

Empirical Problems

The;eﬁpifi al problems with studies of slopes as outcomes are

’ genera]]y the*same'as with any investigation of regression.models. Group-

|

to-group variation in slopes are notoriously sensitive to inadequacies

2

2o

and anoma11esgin the data. In gemeral, regression coefficients are
é

e
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strongly affected by measurement errors in the regressors, ceiling (floor)
effects, out]ieés, small numbers of observations, and multicollinearity.
In fact, some researéhers view unusual group slopes as possible indica-
tions of outliers or ceiling effects especially when generated from

data on classrooms.

We h§ve no quarrel with these empirical concerns about slopes. In
fact, 1nv;§tigators who wish to treat slopes %s outcomes should examine
the scatterplots and descriptive statistics fér the individual classes
or schools for outliers and ceiling effects,és an essential precautionary
measure. Outliers and floor and ceiling effects were excluded as threats
to our 1nterpretation of the IEA data. In most cases, the slope accurately
characterized the bivariate distribution of a school's science and verbal
scores. And, while sample sizes were relatively small in some schools
(as low as 10}, there was no clear re]agionship between slopes and sample
size or between standard errors of estiﬁate and size. Any attenuation
problems due to measurement errors in thé‘regressors is minor since the
psychometric properties of the verbal score used 2hove are very good
across the whole sample (internal consisteﬁcy coefficients above .9).
Moreover, there is no evidence that measuréhent error problems are ﬁore
severe in some schools than in‘otﬁé}s which would have to be the case

to challenge any identified effects on slopes as outcomes.

Substantive Problems

In earlier séctions on the theoretical rationale for examining slope
heterogeneity, we focussed on schooling characteristics (instructional )
approach, .etc.) as the source of slope differences. Realistically, such
interpretations are reasonable only for groups with comparable distributions

of entering characteristics. It is highly 1ikely that slope heterogeneity

24
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J::“'I
in stud1es of natura]]y occurring educational groups can be more readily

exp1a1ned by selection effects (Alwin, 1976; Burstein, 1980a Cronbach
1976). Typically, classrooms and schoo]s vary in the mechan1sms which
guided their formation (community wea]th pup11 ability, etc ) and in ‘ 1
their composition of student skills, packground and attitudes. The
flip-side of the AfI coin is that one can‘expect a different array of
R outcomes from a single treatment for classrooms (schools) which vary in
their studen%ﬁcomposition. Heterogeneous vs. homogeneous ability grouping !
and. high ability vs. low ability combinations would certainly Tead one
to expect different treatment outcomes and would itself be of substantive
interest (Webb, 1980).
The analyst needs to be keenly aware of selection and composition
at every stage of a multilevel investigation. In the present example, |
composition effects on s1ope; as measured by schocl means on verbal . ' i
ability are certainly strong. The effects of the heterogeneity of ‘
/ verbal ability within the school on the s]ope are weaker, but significant
//' nonetheless. However, composition effects as measured did not wipe out
the more substantively interesting effects of science instruction charac-
teristics.

Another substantive problem arises when the various indicators of

group-level outcomes are highly correlated. Parsimony alone would argue
that precedence should be given to simpler explanations. For example,

one might argue that ana]ysés of school means captures all of the
meaningfully interpretable effects and presumed effects on sldpes

N

and standard errors of estimate are actually redundant

with effects on means. Again, however, fihding interpretable differences

in patterns of effects across indicators is the best way to make a case
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for separate examinations of other indicators besides group means. In

our present examp]é, we feel fairly confident that the effects on slopes
cannot be solely exp]aihed by effects on group means,

When a school's outcome mean and standard deviation are

included as explanatory variables in the model with slopes as outcomes,
the s1gn1f1cant effects of EXPLORE and SCIINST are only marginally altered
even though the overall proportion of exp1a1ned variation is more than
doubled.

Communication Problems

Cpmmunication problems refer to the whole class of difficulties in
presenting a theory and describing research results in a manner that
others will understand. This is a difficult task in multilevel analysis
models, especially those which try to capture within-group phenomena
by examining the antecedents of slope heterogeneity. Even in the simplest

cases, _the reader is asked to envision patterns in the distributions of

. Tines across groups and try to relate these patterns to characteristics

of the education in the groups. Anyone uncomfortable with éither ATI
réasoning or the conceptual_dist{nctions possible with multilevel éata
1§ bound to balk when asked to understand models which combine the two
lines of thought.

We have no simple answer to the communication probism in research

afid-evaluations which involve multilevel educational data. While little

work on multilevel problems was done in educational research between

Wiley's conference presentation (actually presented in 1967, but not
published until i970) and Haney's (1974) paper on Project Follow Through,
there has been a virtual flood of interest in recent years, traceable

mainly to Cronbach's (1976f report. While the level of cognizance of

20
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multilevel problems is fairly high at present, in education as well as
other social science research, time and experience'are the keys to

either the demise of the concerns or the bridging of the communications

gap.
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NOTE

A 1. In the structured/dnstructured comparisons, the presénce of
structure presumably benefits the less able student by providing addition-
al tools to t;bkle the tasks, thereby reducing the dependence of per-
formance on prior ability (Peterson, 1977). In the competitive/cooperativg
example, th% competitive envirogment offers no incentive to the more able
student to help the less able thereby excérbating pre-existing ability
differences which presum§b1y reflect prior competitiveness and motiva-

tion (Hanelin, 1978; Slavin, 1977).
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Table 1. Descriptive statistics for slopes and other school-level variables in the IEA science data for the U.S. (N=107 schools).

] ’ .
I

=

. Standard ' Books
. Science Science Error of Verbal VYerbal Father's in the Instructional Science
. Yariables Slope  Mean $.0, . [Estimate Mean S.D, Sex  Occupation. Home Approach Instruction

Slope ‘ < '
Science Mean .18
Science )
S'D' . .52 034 . ]
Standard Error
of Estimate .10 .30 .85
Verbal Mean .24 .78 21 .16 ’ .
Yerbal
S.0, ~-.12 .19 35 .22 -.15 N
Sex: -17 -2 18 -.10 -1 -.05 '
Father's » .
Occupation .07 .64 126 .23 ‘.53 .14 -.09 *
Books in the o o o } e
Home . w13 .73 +35 .31 .58 A7 -.08 .67
Instructional )
Approach .25 .29 .29 .15 A7 .24 .01 .25 .29
Science .
Instruction .23 .03 . 15 .16 -.05 -1 .09 -7 + . -,03 -.09
Mean .76 57.28 . 6,92 - 5.87 27.54 4.45 1.52 6.14 4.55 9.84 1.59
Standard
Deviation .38 4,43 1.49 1.35 2.4 1.00 .16 1.25 .37 1.60 .61

2 lope), school means and
variables are the within-school regression of Science Total Score on Word Knowledge Total score (slope),
:zgndard deviations on Total-Science and Total Word Xnowledge, and school means on sex of- student, father's occupation, books
"in the honie, degree to which students report the use of discovery methods in science study, and a composite of student reports
{ h nd homework in a1l science courses. The science total scores used in this analysis have been transformed
? 0; kc e?cg 0 core; to remove a slight degree of curvilinearity evident in the pverall regression of science scores on
word knowledge, .

’
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Table 2. School-Tevel regress1ons of means, slopes, and standard errors of estimate on school
means on background and schooling characteristics for science ach1evement of U.
14-year: o]ds (N =107 schoo]s)
Unstandardized ' Standardized
Standard Standard
Explanatory L Error of Error of
Variables Mean Slope Estimate Mean Slope Estifmate
Word .897° a . 040 -.027 . 487 .254 -.047
Knowledge .(8 07)%  (2.25)- (.40)
Sex -5.289 -.427 -.845 ~-.188 -.179 -.099 '
(3.91) (1.99) (1.06) ’
Father's 583 -.019 .086 .164 -.063 .079
Occupation © (2.43) -(.49) (.61)
Books in the 3.569  -.058 966 294 -.057 262
Home (4.18) (.43) (1.92)
Instructional .248 .062 .071 .089 .265 .084
Approach (1.78) (2.83) (.86) S
Science 811 .168 .442 12 .273 .200
Instruction (2.28) (2.98) (2.10)
Constant 17.093  -.178 - . 1.566
RZ ' 77" .21 15

\ | ‘ !

a ey .
t statistics in parentheses




‘ i
Table 3. Predicted science scores for students at various levels of verbal
ability from schools with different levels of exposure to science”
(SCIINST) and emphasis on discovery approach to instruction (EXPLORE).®

k=3

Predicted Science
Level on Predicted Score When Verbal Difference Between
w1thin-SBhoo1 Score = . Prediction at Verbal
EXPLORE SCIINST Slope 22 27 32 Score of 22 and 32¢

+1 T .97 51.91 56.76 61.61 9.70
+1 0 . .87 52.46 56.81 61.16 8.70

+] .87 52.46 56.81 61.16 8.70
77 53.07 56.87 -60.67 7.60
.67 . 53.57 56.92 60.27 6.70
.67 53.57 56.92 60.27 6.70

.57 54.12 56.97 59.82 5.70

The levels are for schools with one standard deviation above the mean (denoted
by +1), at the mean (0), and one standard deviation below the mean (-1) on combina-~
tions of EXPLORE and SCIINST. For example, a hypothetical school with .the combina-
tion (+1,+1) has an EXPLORE score of 11.44 and a SCIINST score of 2.20.

bThese slopes are predicted from the model for the within-class slope in Table 2
when all explanatory variables except EXPLORE and SCIINST have been set at their
mean.

cThe between-student mean and standard deviation of Science Test scores are
approximately 57.28 and 8.1 respectively.




Figure 1.

Plots of within school regressions of science scores on verbal ability for ten

Towest and ten highest schools on mean emphasis on discovery methods (EXPLORE).
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_Figure-2- :

Plots of within-school regressions of science scores on verbal ability for ten lowesé

.and ten highest schools on mean exposure to science instruction (SCIINST).

PN




J
- RSCI . e
— - -
67.5 . H
65.0 == === LOW SCIINST SCHOOLS ‘A -
HIGH SCTINST SCHOOLS
62.5
60.0 L
51,5 |, . ) .
55.0 1
52.5 +
so.0 1 ¢ .
$ r
/ . /
47.5 A R ~
~K P .
45.0 ~
+ / / § -
~ ~
42.5 | ) S ‘
. _~ /
40.0 | K/ '/ - <
/r;:.f:+:‘—:;f‘.;.':'.:'n
1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
RWK -
L \‘\\

ERIC |

Aruitoxt provided by Eic:




