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1. Introduction

Most single equation regression models of the educational proceas
indicate that home environmental characteristics have more influence on
pupil achievement than do school characteristics. The disappointing
school findings may have a number of causes. In particular, the usual
assumption that school resources affect students uniformly may hide
important school effects. For example, if one Tresource aids blacks and
harms vhites, these effects may cancel one another in a combined sample
of blacks zod whites. In fact, the structure of the educational process
may differ ior thé two groups. Such considerations have led researchers
to estimate separate models for various ethnic groups and socio-economic
levels. Our interést here is sliéhtly differexif and concerns whether
teacher and school characteristics and other variables have different
effects on high and low achievers. More generally, we consider
similarities and differences in the structure of the educational process
for high and low achievers.

Section 2 of this paper briefly considers other simultaneous models
of the educational process and describes our model and the variables
includes. OSection 3 reviews the literature concerning separate models
for different subsamples. It focuses on the two other models that
include geparate effects for high and low achievers., Section L ig a
brief review of the educational and psychological literature which
suggests that the educational process may be different for high and low
achievers and that teachers and school oharacteristics may affect the
tvo groups differently. Included in this review is a discussion of
aptitude - treatment interaction. Section 5 discusses methodology. The
data are briefly described and the effects of division of the sample on

the basis of the dependent va.riable are d.mcussed Section 6 presents the

4



results for the endogenous variables. The results for high and low
achievers and for the full sample are compared. Section 7 presents
the results for sélected exogenous variables. The effects of teacher
and school characteristics upon achievement and other stg.ld.ent outcomes
are emphasized. Section 8 discusses the policy implications of our

results,

2. lodeling the Educational Process

Simul taneous Models.

Most models of the educational process consist of an "educational
production function", In such models pupil achievement or change in
pupil achievement is a linear function of sets of i) demographic
charadteristics of the pupil, ii) home environmental characteristics,
iii) peer group characteristics, iv) teacher characteristics, and v)
school characteristics. Numerous authors including Coleman et al. (1966),
the authors in the volume edited by Mosteller and Moynihan (1972), :
Hanushek (1972), and Marnane (1975) postulate and estimate these models.
Other authors view the educational process as having multipie outputs.
and incorporate this view into their models. These models are called v
simul taneous models because the educatiom.l cutputs are assumed to affect
each other simultaneously. Simultaneity is assumed because longitudinal
data are usually not available. Simultaneous models are estimated by
Levin (1970), Michelson (1970), Gordon (1973) Parti and Adelman (1974),
Anderson and Evans (1974), Boardman (1975}, Boardman, Davis, anc. Sanday
(1976), and Boardman, Davis, and Lloyd (1974). Some of these models are
estimated by path analysis techniques which allow for intermediate outputs
but not for feedback effects. The better analyses use two stage least

8quares techniques which do allow for feedback. Two stage least squares



techniques cannot prove causality. No statistical technique can.
However, they do not impose the direction of causality upon the data as

path analysis typically does.
This paper is an extension of the work of Boardman, Davis, and

Lloyd (1974) (hereinafter oalled Boardman et al.). In this paper we

estimate the model developed there for high and for low achievers. In

Section |} we present our reasons for this separate estimation.

Tae: Endozenous Variabless Outputs of schooling

The e.nd.ogenoas variables in our model are pupil achievement,
participation in a college preparatory program, achievement motivation,
demonstrated motiva.tion, expectations, self-esteem, belief in the
ability tc; control one's environment, perceived parental expectations,
and perceived teacher expectations. We believe that these variables
affect one another and should be modeled simmltaneously. For a discussion
of this question and presentation of a priori hypotheses about the
relationships of these variables, see Boardman et al. Here we describe
our variables and consider them as outcomes of schoolin.g.1

Host regression models of the educational process treat achievement
as the exclusive outcope. Indeed, achievement is one of the major outputs.
Children should, at the very least, be able to read and write, to
understand and use mathematics and possess some general knowledge. Our
measure of achievement is an J.nd.ex formed from measures of verbal, non-
verbal and mathematical ability and genera.l J.ni‘orma,tn.on.2

Winile school achievement bears some relationship to future occupationcl

success, the evidence fails to show a strong relationship between them.

7
For a fuller d.iscussion, see Boardman et al.

2A11 indices are formed from the first component of a pl‘lncjlpal components
a.nalysls. o
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Jencks et al. (1972), among others, suggests a limited role for school
achievement in success in later life. Cognitive psychologists emphasize
the role of desires, aspirations and the need for achievement in later -
success.

‘ Ve construct reasonible measures of two motivational concepts: i)
achievement motivation-- the need or aspiration for achievement and, ii)
denonstrated motivation or studiousness. Other psychologists emphasize
the role of self-esteem and fate control in the educational process.
Cccpersmith (1967) defines self-esteem primarily in terms of self-worth.
Rotter et al. (1962) distinguish between internal and external control.
4 person with internal control believes that he has control over his
environment. A person with external control believes that he has no
control over his environment and this his experiences result from luck,
fate, or the actions of others.

The other endogenous variables concern participation in a college
preparatory program, individual expectations about college attendance
and future occupation and parental and teacher expectaticns about school
preformance.

Beyond their effect on achievement, several of our endogencus variabdles
are impertant to later success. One can also argue that some of them
are valuable even if not related to future success. An example is
self-esteem. Ve believe that such attitudes as motivation, self-esteem,
control and expectations should be considered important outputs of the

educational process.

Ihe Bxogenous Variables
Boardman et 2l. present a priori hypotheses about the effect of

the exogenous variables on the endogenous variables.
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The set of exogenous variables contains measures of 1) pupil
demographics, such as sex, ethnic group, and age, 2) home environmental
characteristics, such as socio-economic status, information in the home,
family structure, order of birth, and number of times the pupil changed
schools, 3) school peer group characteristics, such as the racial

. composition of the school and classroom and the average socio-economic
background of the students, L).teacher characteristics, such as
the average achievement level of the teachers, teachers' experience, and
the number of teachers per pupil, and 5) school characteristics, such as
school facilities, probleﬁs in the school, and age of school. Appendix

A contains operational definitions for all the variables.

3. lodeling Subsample Differences

Most regression amalyses, both single equation models and multiple
equations models, attempt to control for certain effects by including
dummy variables. Typically, analysts include a dummy variable for sex
in an attempt to control fordﬁale-female differences. This procedure
inplicitly assumes that the other explanatory variables exert a similar
effect for both males and females. If one believes, that teachers'
verbal ability malkes more of a differénce for females than it does
for males, one should include an interaction term for sex with teachers'
verbal ability. If one believes that the effect of all explanatory
variables differs by sex; one should estimate separafe models for males
and females. Then one canbtest the coefficients to see if they differ
significantly.3

4 number of analysts believe that the educational process differs

mar..edly for, students of various races and ethnic groups. This

i s o8 e e wy el m—— . w e e mne

3We report tests of significance for coefficients for low and high achievers
only in connection with tests of ordinal interaction effects. Given the
large sample size, even small differences are gignificant, :

Q 8
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congideration leads them to estimate separate models for each racial
or ethnic group; see for example, Coleman et al., (1966), Michelson
(1970) » Win:ler (1972), and Boardman (1975). Hanushek (1972) estimates
scparate models for students with different socio-economic backgrounds..
In this paper we investigate whether models differ depending on the

initial achievement level of the student.

liodeling Low and High Achievers

Only two other multiple regression models of the educational process
consider differences in the educational process betueen students of high
achievement and students of low achievement. Research by Summers and
Wolfe (1975) and iurnane (1975) does not estimate separate models, but
includes interaction effects by achievement level.

Sumers and Wolfe and IMurnane use longitudinal data from cities in
the Northeast; the former use data froﬁ Philadelphia and the latter
uses data from New Haven. Both studies have good quality teacher
data and match the student and teacher. Both use regression analysis
to determine the factors that affect one or more achievement measures.
Sumners and Volfe find thet small classes help low achievers, but are
of no special benefit to average or high achievers. They also report
that in elementary school experienced teachers help high achievers, yhile
inexperienced teachers help low achievers, In junior high experienced
teachers help all students, but helr high achievers more. Ifurnane finds
that high student turnover impedes the reading progress of high achievers,
has no significant effect on the reading of average achievers and has
inconclusive effects on the reading scores of low achievers. These authors
obtain inconclusive or insignirlicant results when tiley test additional

hypotieses concerned vith interaction by achievement level.

9



Sumrers and Wolfe point out that their results have major policy
implications. They argue that principals and school administrators can
improve the achievement scores of all students by redistributing
. resources. Thus, improvement in achievement could result without »

increasing the school budget.

In contrast to the work of Summers and Wolfe and Murnane, we estimate
separate models for high and low achievers. Separating the sample is

equivalent to including interaction terms for-cach variables

L. The BEducational and Psychological Literature
The educational literature suggests that,' in addition to ability
differences, high and low achievers differ in & aumber of important
ways. (Averch et al. 1972). .lein, Barr and Volitsz.y (1967) stress
rersonality differences in high and low achievers:
High achievers show strong internalization of values,
indicated by responsibility and socialization. They
also have high achievement motivation, in regard to
both indevendent and conforming spheres. They are,
however, low on social desirability (need to maie a
good impression for its own saie) and lack flexibility,
apparently preferring order and stability.
These differences lead high and low achievers to react in different ways
to characteristics of the educational procéss.
Teachers react to and interact with students according to their
achievement level. Brophy and Good's (1974) r?vieif suggests that
achievement level is the most imvortant source of differential teacher

. treatment of students, more important than sex, socio-economic level or

ethnic bac.:;ground.
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Aptitude -~ Treatment Interaction

Pgychologists recognize the existence of aptitude-treatment
interaction effects.LL Significant interaction effects are disordinal
or ordinal, .A disordinal interaction indicates that a variable affects
two groups with different characferistics in different ways. 4n ordinal
interaction indicates that a variable affects the two groups in the
same way but affects one group significantly more than the ééher-

Early reviews of the aptitude-treatment literature by Bracht (1969)
and Cronbach and Snow (1969) find only a limited amount of evidence
indicating the existence of aptitude-interaction efflects. However, botn
reviews suggest that better methodolbgy might produce better results.

More recently, Berliner and (uiien review the literature on interaction
effects which influence measures of learning. They report that demographio
characteristics, personality traits, and aptitudes of the student interact
with teaching techniques, teaching style and personality of the teacher.

In particular, Berliner and Calien conclu@e that interaction effects
involving differential levels of verbal intelligence warrant further
investigation, Crombach and Snow reach a similar conclusion.

The educational and psychological 1iterature suggests that one can
expect interaction effects by achievementllevel. 4s discussed above,
by estimating separate models for high and low achievers, we allow for

interaction effects of every explanatory variable and achievement.

5. I1e thodology
The data

The data consist of a random sample of twelfth grade students

from the survey of Equality of Educational Opportunity. Boardman (1975)

hThe terms attribute~treatment interaction and trait-treatment interaction
are sometimes used as well. ’
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describes the advantages and disadvantages of these data. For this
iesearch,.we took the sample discussed in Boardman (1975) and

gplit it into three groups: high, middle and low achievers. As indicated
above achievement is measured by an index constructed by principal
components analysis. For the Boardman et al. sample of 14,974 students
the mean achievement score is 0.32167 with a standard deviation of

3.657. Ve split the sample to put between”tWenty and twenty-five percent
of the students in each of the high and low groups. To this end, a
student with an achievement score greater than 3.2 was placed in the
high achiever group and a student with an achievement score less than
-3.0 was placed in the low achiever group. The other students are not
considered here. This procedure resulted in 3521 (23.31% of the original
sample) high achievers with an average achievement score of 5.349 and

3107 (20.75%) low achievers with an average achievement score of -4.Sk.

Truncation Bias

Our method of separating the students into high and low achievers
differs from that used by Summers and Wolfe and Murnéne in one important
respect., Our data is cross-sectional, while theirs is longitudinal, We
truncat; on achievement at time t, a dependent variable; while they
truncate on achievement at time t -1, an =xogenous variable. Econometric
theory shows that fruncation on an exogenous variable (or including
intéraction terms for an exogenous variable) does not affect the
unbiasedness and consistency of the estimates. However, truncation on a
dependent variable produces biased and probably inconsistent coefficients.
The source of bias is easily understood by examining Figure 1 vhich

depicts the problem in the two-dimensional case,
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Consider Figure 1 and suppose that the line ABCD represents the
true relationship between achievement and a school resource, X. The
lines EF and GH border the scatter plot. Suppose that the sample is
truncated from aﬁove by the line JM so that observations occur only in
the area bordered by BKLG. If'a regression line is fitted to the area
EKLG, it will have a lesser slope than AC, the true relationship for the
subsample, This result occurs because the area BCLN exceeds the area
KCB. Another way of stating the problem is that X and the error term are
negatively correlated for all X greater than X'. When such cérrelation
occurs the coefficients are not only biased but inconsistent,

For the two-dimensional case the effect is to reduce the absolute
value of the coefficient. The result is a conservative estimate, However,
this attentuation toward zero does not necessarily occur when the a large
number of dimensions is involved., Research on this problem is very

recent. Goldberger (1975) has shown that the ordinary least squares
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coefficisnts are biased toward zero in the n-dimensional case, if the
explanatory variables are distributed multivariate normally. In the

same paper Goldberger presents a case (not disfributed mul tivariate
normally) in vhich some coefficients are biased away from zero. The
conditions under vhich bias away from zero occurs have not been investigalie:

Amemiya (1973) proposes an instrumental variable approach and a

.maximum likelihood approach as means of handling the problem of biased

and inconsistent coefficients. Crawford (1975) compares the ordinary
least squares estimates based on a full sample of observations with
three sets of estimates for a truncated subsample. One set of estimates
is based on ordinary least squares techniques, one on the instrumental
variable approach, and one on the maximum likelihood zpproach, Crawford
concludes that ordinary least squares techniques produce inconsistent
coefficients. However, the other estimation procedures do not seem
appreciably better. The coefficients for the instrumental variable
approach are closer to the results of the full sample more often than
are the maximum likelihood coefficients, but they are also more often
biased away from zero than the ordinary least squares estimates.
Crawford's conclusions are premised with the asgumption that the model
for the full sample is also appropriate for the truncated sample, If
this assumption is inappropriate, differences in the coefficients may be
genuine, rather than the result of bias. One can make no firm
conclusions on the basis of the Cravford work alone about the relative
strength of these estimation procedures. Comparisons using Monte Carlo
techniques would be useful, 5ut have not yet been done.

Crawford's work does suggest that Cain and Vatts (1973) and Cain
(1975) were correct in supposing that the ordinary least squaves estimates

are generally biased toward zero. All but one of the coefficients in the
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Crawford ordinary least squares model for the truncated sample are biased
towvard zero.5 Thus, the present evidence suggests that in practice bias
avay from zero is the exception rather than the rule.

Ve hypothesize that the models for the truncated samples are
different from that for the full sample and from one another. dur
problem is to distinguish results that may be substantially biased from
those that are probably genuine. In order to minimize errors due %o
truncation bias, this research compares the results for high and low
achievers in the structural form with the results for the reduced form.
VWhen the same pattern of coefficients occurs in the two models, the
evidence that the effect is genuine is stronger. We also compare our
results with the full sample of Boardman et _al. These results are not
subject to truncation bias. The fact that a result appears in the full
sample as vell as the subsamples suggests that it is not a false positive.

In addition, we compare our results to those of other authors.

6. Results for the Endogenous Variables

Figure 2 depicts the estimated relationships among the endogenous
variables for high and low achievers and the ™ull sample.6 Ve do not
estimate equations in vhich perceived parental expectations and perceived
teacher expectations are the dependemh variables., These variables are
peripheral to our interest here.

Perhaps the easiest way to understand the estimated relationships is

to examine Figure 2 carefully. The diagrams are comparable to path

5‘.'Ie examined our results on the assumption that the same model was
appropriate for the full and truncated samples. Ve also find that bias is
usually toward zero." Cravford reports that the difference in the value of
the coefficients were sometimes quite large. In one case a coefficient in
his truncated sample is twenty~seven times that for the full sample. Ve do
not find such differences in size in our data.

The coefficients, and t statistics for the reduced form and structural form
equations for all models are available from the authors on request. 12
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diagrams and are generally self-explanatory . The results for the
separate models are not discussed here. Rather, we compare the three
models with emphasis upon those for high and low achievers.

AémFigure 2 demonstrates the relationships between the endogenous
variables are similar for zll models. In each; Achievement (ACH) is associ-
ated wvith what might be thought of as measures of personal efficacy--self-
esteem (SELFEST) and sense of control of the environment (CONTROL). In
each, perceived parental expectations. (PPAEXP) are important for achievement
motivation (MOTACH) and for expectations (BXP). Perceived teacher
expectations (PTEXP) are important for seli-esteem in each model.
Participation in a college preparatory program (CPREP) affects expectations
in each model. Self-esteem and control interact in each.

Boyond these common patterns, the models differ considerably. The
low achiever model is much less complex than the models for high achievers
and the full sample. Perhaps this difference is the most striking of =11
those between the models. A number of relationships not found to be
significant for low achievers are significant fqg%ﬁgg«high achievers. Five
of the seven endogenous variables enter more relgfionships for high than
for lov achievers. The mean for the low achievers is closer to the point
of truncation than is the mean for the high achievers. Therefore, we
expect more bias toward zero in the model for the high achievers. Thus
differential bias does not offer an explanation for the relative simplicity
of the model for low achievers. The greater complexity of the high
achievers model is not only a result of more variables interacting with one
another; interactibn occurs in only one fourth of the estimated relationships
for high achievers. Nor is the amount of variance explained consistently

greater for the high achievers. For some of the endogenous variables more
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FIGURE 2

GRAPHS OF THE RELATIONSHIPS AMONG THE ENDOGENOUS VARIABLES
(EXCEPT THE DETERIINANTS OF PERCEIVED PARENTAL AND TEACHER
EXPECTATIONS)

Struotural Form, Estimated by Two Stage lLeast Squares

2a LOW ACHIEVERS

5 SELFEST
PTEXP <’/ 1 ACH
CONTROL )
CPREP
HOTACH

/ MOTDEMY
PPAEXP > EXP

2b HIGH ACHIEVERS

PPLEXP

P4 CONTROL
, CPREP
MOTACH

o 5 uO’I'DEMY e _mve
PPAEXP —— E}CP

See Appendix A for an explanation of the abbreviations.
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variance is explained for the low achievers than for the high. (Appendix
B presents the R2 obtained for each of the reduced form and the two stage
least squares structural form equations).

The explanatory variables are differentially successful in explaining
the variation in scores in the models for high and low achievers. The
biggest difference for comparable equations of the two stage least
squares structural models in the meamuires of goodness of fit is that for
the equatione for participation in a college p.i‘épa.ratory program. Here,
the R for low achievers is 0.1L5 versus 0.379 for high achievers. The
R2 Ior both groups for the achievement eguations is low; however, we
explain half again as much variation in the low achievers scores (0.235)
as in the high. (D.176). We are also more successful in explaining

-variation in self-esteem among the low achievers (0.609) than among
the high (0.453).

Different variables affect achievement in the models. Among low
achievers, sense of control and achievement motivation seem to affect
achievement; among high achievers, self-esteem and participation in a
college preparatory program. In the full sample, control and participation
in a college preparatory program affect achievement. Note that of the tuc
efficacy variablag; sense of control is important to the achievement of the
low achievers and self-esteem is important to the achievement of high
achievers. This finding is consistent with that of Coleman et al.

(1966, :320) on the relative importance of self-esteem to the 'a,chievezﬁent
of vhite and Oriental students and of sense of control to black students
and other minorities. &I course, ths achievement categories are not
coincidsnt with the racial categories, but there would be considerabie
overlap in a national sample.

18
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We estimate that among high achievers achievement feeds back to self-
concept, participation in a college preparatory program, demonstrated
motivation, achievement motivation, and expectations. For the full
sample achievement seems to influence achievement motivation, self-esteem
and control. In contrast, among low achievers achievement affects only
control. Thus, the impact of achievement seems to be localized among
low achievers. The fact that it does not affect self-esteem suggests
that it may be less rewarding as well.

There are also differénces in the effects of significaﬁt others in
the éodels. Ve eétimate that perceived teacher expectaiions affect the
achievement mctivation of low achievers and the full sample, but not
that of high achievers. However, among high achievers perceived teacher
expectations affect the student's expectations.. This result does not
occur for low achievers or the full sample. Taken together these results
suggest that the nature of teacher influence is different for low and
high achievers. Parents, too; seem to have different effects upon low
and high achievers. ¥or the full sample and aﬁang low achievers we
estimate that perceived parental expectations affect demonstrated
motivation. This result does not hold for the high achievers. Parental

expectations do not seem to make high achievers more studious.

7. Results for Exogenous Variables

Charts S1-Sh indicate vwhether an exogenous variable enters the two
stage least squares estimates of the structural form for each of the seven
equations for each group studied and whether its estimated effect is
positive or negative. Charts R1-RL, presented as Appendix C, provide
the same information for the reduced form equations. The structural form

estimates concern only the direct effect of the exogenous variables.

1Y
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In these estimates any effect operating through endogenous variables is
excluded from the coefficients for the exogenous variables. The reduced
form estimates, on the other hand, provide the total effect of the
exogenous variables both directly and indirectly. Ve discuss primarily
tvio staée least squares estimates of the structural forms in this paper.
The pattern.‘ of effects of exogenous variables depicted in Charts
S1~85 is more complex for high than for low achievers. Of the 336
(L8 exogenous variables times seven equations) pbssible relationships for
each group, twenty-foui percent are significant for low achievers and .
twenty-nine percent ;are significant for high achievers. The proI‘:ortion of
significant relationships in each group is larger than one would expect
by chance and the difference is just significant at the five percent
level. The overall pattern of greater complexity for the high achievers
does not hold for each equation if considered individually. For three
equations more coefficients are significant for low achievers. However,
“fhe number of significant coefficients in these equations is only slightly
é:eater than in the corresponding high achiever equations. In the
remainder of this section we discuss gelected results for the exogenous

variables.,

Demographic Variables

\'Ie‘ estimate that males have higher achievement scores among high
achievers. The results for the full sample also indicate that males tend
to have higher achievement soores. We find no significant effect for sex
on achievement among low achievers. Our result for low achievers contrasts
vith that of Summers and Wolfe (1975) who find that among twelfth grade
low achievers, males do better than females. We also find, among both

high and low achievers, that being female is associated with greater
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SEX

CHART 51

*

Demographic Exogenous Variables -
Direction of Significant Relationships

Structural Form Estimates (Two Stage Least Squares)

AGE

BLACK

WHITE

AMIND

ORIENT

ACH

Loy

l_

-+

-+

HIGH

ALL

10v

HTGH |

ALL

MOTACH

LoW

+

—

HIGH

ALL

+ |+ |+ |+

FOTDEMY

LOW

HIGH

+ |+

ALL

+ |+ [+ |+

BXP

LOW

HIGH

ALL

SELFEST

LOov

HIGH

ALL

\CONTROL

oW

HIGH

+

ALL

PRICAN

ACH

LowW

LAKES

HIGHE

ALL

CPREP

LOW

HIGH

ALL

heirs amasre et i

MOTACH

Lo

HIGH

ALL

’MOTDEMY

TTIow

HIGH

ALL

BXP

Low

HIGH

ALL

SELFEST

oW

HIGH

ALL

ONTROL

Low

HIGH

ALL
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Demographic Exogenous Variables (cont'd)

PLATHS SEAST SWEST
ACH LoV - ’
HIGH -
ALL + - -
CPREP LOW + +
HIGH
ALL +
MOTACH  LOW
HIGH - -
ALL + +
MOTDEMY Low
HIGH
ALL
EXP LOW - -
HIGH

SELFEST LOW =
- HIGH
ALL + =

CONTROL LOW
HIGH
ALL -+ &

Y

*See Appendix A for a description of the variables.

**sigificant at the 5% level (one-tailed test).
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denonstrated motivation and a greater sense of internal control. However,
the association of sex and control is stronger among high achievers than
'émbng low and the association of séx and demonstrated motivation is
stronger among low achievers. These differences are significant at the
five percent level.

Among low achievers and in the full sample being older is
associated with lower achievement scores. This result does not hold for
the high achievers and may reflect lower achievement among children who are
repeating a grade.

We find that among high achievers blacks and members of some other
minorities tend to have lower achievement than vhites. Similar results
- hold for the full sample. Summers and Wolfe (1Y75) also report that
blacks tend to have lower achievement scores than whites among high
achievers. Among low achievers we find that blacks and whites tend to

have higher achievement than other ethnic groups.

Thé Home Environment

Among:low achievers, higher achievement is associated with growing
up in the same city._ On the other hand, among high achievers, growing
up in the same city is associated with lower achievement. The.same
patterns occur in the reduced form estimates. With such different results
for the subsamples, one might well expect to find no significant results
Tor the full sample. Such is the case. The identical results in the
reduced and structural forms suggest that this disordinal relationship
is genuine. Growing up in the same city probably proxies different behavior
patterns for the two groups.

Having-two parents is associated with higher achievement ;n both the-
strucfural and reduced form models for low achievers. This variable has

no significant effect on either high achievers or the full sample. Again,
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identical results in the reduced and structural forms suggest that the
result is genuine.
Increased television viewing is associated with higher achievement
among low achievers and lower achievement among high achievers. Boardman
wF (1975) usirg a very similar model to ours found a guadratic relationship
between the amount of television viewing and achievement. The effect
was first positive and then negative. His results suggest that the
disordinal relationshp estimated is gernuine., These results do not
necesgsarily suggest that varying amounts of television viewing cause
differential achievement. Television viewing may proxy other behaviors
and attitudes. We also find that television viewing is associated with
lower achieverent motivation among high achievers, and high internal control

among low achievers.

Peer Influence

The structural form estimates suggest that the average socio-economic
status of schoolmates is more important for high than for low achievers.
It is positively associated with the achievement and expectations of high
achievers and negatively agsociated with their achievement motivation and
college preparatory program participation. We find a single significant
effect for low achievers in the structural form--a negative association
with college preparatory program participation. The results for the full

sample are similar to those for the high achievers.

Teacher and School Characteristics

The average verbal ability of teachers in the school is positively
related to the achievement of both high and low achievers. The same
result occurs in the reduced form estimates. In the structural form,
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SELFEST LOW

CHART S2

*

Home Environmental Exogenous Variable
Direction of Significant Relationships
Structural Form Bstimates (Two Stage least Squares)
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*See Appendix A for a description of the variables.
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Significant at 5% level (one-tailed test).
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CHART S3

*
Peer Characteristics Exogenous Variables
Direction of Significant Relationships™

Structural Form Estimates (Two Stage Least Squares)
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See Appendix A for a description of the variables.

Mar oo
Significant at the 5% level (one-tailed test).
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CHART Sl

School and Teacher Characteristics Exogenous Variables
Direction of Significant Relationships®¥
Structural Form Bstimates (Two Stage Least Squares)
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#3ee Appendix A for a depcription of the variables.
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Significant at the 5% level (one-tailed test). 2l
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School and Teacher Exogenous Variables (Cont.)
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the effect of teacher verbal ability is significantly sti-nger--at almost
the five percent level -- for the high abhievers than for the low.6 Average
teacher verbal ability also has a positive efTect for the full sample. The
coefficients»of both the high and low achiever models are smaller in
absolute value than that for the full model suggesting that bias, if
present, is toward zero. This evidence suggests that the ordinal interactio:
of average teacher verbal ability with achievement is gemuine. We also
estimate that teacher average verbal ability has a negative effect on the
achievement motivation of high achievers and a positive ~ffect on the
internal control of low achievers. These results also hold for the
reduced form of the model; only the result for achievement motivation holds
for the full sample. A relationship between teacher verbal ability and
student achievement could result from selection phenomena, as well as from
a causal relationship. We control for the possibility that teachers of
higher verbal ability seek out'schools with more able students by including ¢
measure of éverage socio-economic status of students in the school in our
model.

We find that having more experienced teachers in the school is
associated with increased achievement among high achievers. Average
teacher experience has no significant effect on the achievement of low
achievers. The same results occur in the reduced form model.7 For the
full sample greater average teacher experience is also associafed with
greater experience. One possible explanation for these findings is that a

selection phenomena occurs in which more experienced teachers seek out

schools with better students. Cur measure of average student socio-economic

6The coefficient for the high achievers is 0.082 and that for the low
achievers is 0.063.

7The difference in the size of the coefficients for average teacher experience
in the reduced form models for low and high achievers is significant at the
ten percent level. The coefficient for average teacher experience for high
achievers is 0.110 in the structural form. ' 26
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status in the school controls for this possibility. The Summers and Wolfe
(1975) results support the conclusion that experienced teachers inorease
achievement among high achievers. Their results éssociate achievement gain
with teacher experience. Selection phenomena are not a P2ssible explanation
for this result. They find that in elementary school high achievers make
larger gains in achievement with experienced teache_::s and low achievers
make larger gains with inexperienced teachers. In junior high experience
helps all students, but particularly high ability students.

Ve also find that teacher experience affects other traits of
high and low achievers differently. Having more expericncerd teachers in
the school is associated with greater demonstrated motivation and lower
control among high achievers. (We do ..ot find any effect for control in
the reduced form). Teacher experience has no significant effect on any
outcome a;nong low achievers in the structural form. In the full sample
having more experisnced teachers in the school is associated with greater
demonstrated motivation, expectations, self-concept and control. While
the weight of evidence suggests that experienced teachers do increase
the demonstrated motivation of high achievers, the negative finding for
locus of control is problematic.,

We estimate that the number of teachers per pupil is positively
associated with the achievement of low achievers, but not that of high in
both the structural and reduced forms.8 This variable also has a positive
effect on achievement in the full sample. While the number of teachars pc

pupil is not identical with class size, our results are consistent with the

8The difference in the size of the reduced form coefficients is significant
at the 5% level. The coefficient for number of teachers per pupil for low
achievers in 8.210 in the structural form.
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idea that smaller classes are beneficial to low achievers. Summers and
Wolfe (1975) report that the achievement scores of low achievers increased
the most with lower class sizes. We also find that a large number of
teachers relative to the number of pupils is associated with increased
achievement motivation among high achievers. This result does not‘ﬁoid
in the reduced form equations nor for the full sample. The possibility
that it is spurious must be entertained.

VWe find that problems in the school such as vandalism, racial
tensions and drugs do not affect the achievement of either low or h;gh
achievers, but adversely affect the achievement motivation of low
achievers. The coefficient in the reduced form achievement motivation
equation for low achievers is also negative, but it is not significant.
Summers and Wolfe (1975) report that serious disruptions lower the
achievement of high achievers significantly, but harm low achievers much
less. It is possible that the diff'erence in our results and those of
Summers and Wolfe reflects the measures of school problems used. Our
index of problems does not focus exclusively on seriously disruptive

incidents.

8. Summary of Results and Policy Implications

Although we find the same general configuration of relationships
among the endogeneous variables for the high and low achiever models,
our results are consistent with the psychological evidence of personality
differences between these groups. Perhaps the most interesting of our
results in this regard is the estimated effect of control upon achievement
among low achievers and that of self-esteem upon achievement among high
achievers. Ve also find that the model for low achievers is much less
complex than that for high achievers. These results are potentially
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useful in compensatory programs for low achievers.

Our most interesting results for the exogenous variables concern
the effects of school and teacher characteristics. These results have
implications for educational policy. It should be noted that our data
are for twelfth grade. The policy implications discussed here may not
apply at all grade levels.

We find an ordinal interaction between the average verbal ability o
teachers in the school and the achievement of low and high achievers. High
achievers benefit more. This result suggests that the average level of
achievement in a school could be enhanced by a re-distribution of school
persomnel in which teachers with higher verbal ability were assigned to
classes of high achievers. Under  this policy the achievement of high
achievers would be enhanced more than that of low achievers would be
diminished. Let us set aside the question of\whether it is advisable to
increase average achievement at the expense of a greater variance in
achievement.9 The policy has deterimental effects for other student
outcomes. Our results suggest that such a policy would decrease the
achievement motivation of high achievers and diminish the sense of control
as well as the achievement of low achievers. Clearly, such a policy
involves complex trade-offs.

Ve find that hmving experimnced teachers in the school results in
greater achievement among high achievers but has no significant effect on
low achievers. However, we also find that having experienced teachers
adversely affects the intexrmal control of high achievers. While this
result occurs in a single model, and must be considered tenative, it does
suggest that a policy of re-distribution of teaching persomnel in which
high achievers were assigned to more experienced teachers and low

achievers to less experienced teachers must be approached with caution,

9For a discussio?ﬁ§$§?ction in variance as a goal of educational policy,

see Klitgrard, 29
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apart from any effect on low achievers.

Ve find that the number of teachers per pupil affects’ achievement
among low achievers but not among high. Our results suggest that a policy
in which low achievers were assigned to relatively smaller classes and
higher achievers to relatively larger classes would increase the average
level of achievement in the school and decrease the variance in achievement
in the school. However, we also find that more teachers per pupil
positively affects achievement motivation among high achievers. While
this result is tenative, it again suggests that caution is warraated in

consideration of policies on re-distribution of school resources.
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APPENDIX A: VARIABLES' DESCRIPTION

Variable Standard
Name MEAN Deviation Description
H L H L

Endogenous

VARIABLES

ACH 5.349  -L.54 1.523  1.116 Achievement; an index
constructed from the number
of correct verbal, general
informational, reading,
nonverbal and mathe?atical
answers (v ~ 0.91)

CPREP 0.753 <LL L31 351 College preparatory pro-
gram; in a college pre-
paratory programs = 1,
otherwise (general or
vocational) = O.

MoTACH 0.848  -.557 1.412 1.592 leed for achievement; an
index constructed from how
far the pupil wants to go
in school, how good the
student wants to be in
school, how happy to quit
school (w ~ 0.56 4

MOTDEMY 0.143  _1.140 1.531 1.692 Demonstrated motivation;

as index constructed from
number of hours study and
how often pupil stays away
because he doesn't want to
come (v ~ 0.40)

EXP 1.145  =,667 1.539 1.395 Expectations; an index
constructed from occupa-~
tional expectations and
plans about college

(o ~ 0.56)

1All indices come from the first component of a principal components analysis.

Tee indices correlate positively with each other. The variables appear

in the same order as the magnitude of the absolute value of their loadings.
Thus, verbal right loads higher than gemeral informational right which, in
turn, loads higher than reading right, etc. The number in parentheses equals
approximately coefficient ¢ See Crombach (1951).
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Variable

Name

SELFEST

CONTROL

PPAEXP

PTEXP

AGE

SES

Mean

H L
1.100 -1.00Y
0.81L -1.042
1-190 "-682

~3.724 14,603

2.870 3.020
3.863 L.306
1 .556 . -1 . 022

Standard

Deviation
H L

1.817 2.127
1.161  1.642
3.93h  2.417
1.468 1.741
0.990 0.Y96
0.737 1.110
2.30y 2.0L4y
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(iv)

Description

Self esteem; an index con-
structed from sometimes
student feels he cannot
learn, teachers go too fast,
would change to be someone
different, able to do many
things well, assessment of
own ability (o =2 0.65)

Internal control or belief
in the ability to control
one's environment; an index
constructed from good luck is
more important than hard
work for. success, everytime
get ahead something stops

me, whatever education
hard to get job (v ~ 0.5Y)

Perceived parents' expecta-
tions; an index construc-
tion from education mother
wants student to have,
education father wants
student to have, how well
father wants student to do
in class, and how well
mother wants student to do
in class (y ~ 0.76)

Perceived teachers! ex~
pectations; teachers expect
student to be one of the
best in class = =2,¢000y
good enough to get by =

=5

Sex; male = 2, female = L

Age; less than 1 =1, ...,
20 or older = 7

Socio-Economic Background;

an index constructed from
father's and mother's educa-
tional level, father's
occupational level, ency-
clopedia in home, attended
kindergarten school, number
of people per room in the
house, attended Nursexry school
and number of hours work for

pay (o = 0.65)



Variable

Name _

IKFO

TWOP

NOBAS

FL

RBS

PTAAT

PLAS

TC

NTCHSCL

0.933

0.762

2.190

3.301

2.641

1.725

1.921

0.760

2,49y

0.512

0.542
3.575

3.220

2.283

1.827

1.986

0.71y

2.552

(v)

Standard
Deviation

H L
1.522 1,912
0.426 0.498
1.681 2.452
0.963 1.131
1.175 1.208
1.043 1.06Y
10099 1‘089
0.427 0.450
1.52Y 1.465

38

Degoription

Available Information in
the Home; an index con-
structed from number of
books in home, daily news-
paper in home, muiber of
magazines in home, dic-
tionary in home, and trips
to library (o ~ 0.5L4)

Two Parents; two parents
alive and living at home =
1, otherwise = O.

Ifumber of Older Brothers
and Sisters; none older =
1,000,8 or more older = 90

Foreign Language; frequent- -
ly speak a foreign language
out of school = 1,...,
never speak a foreign

language = L.

Reading Before School; not
read before going to
school = 1,..., regularly
read before going to
school = L.

Parents Attend PTA: par-
ents not go to PTA = 1,...,
parents go most of the time

Parents Talk About School;
parents talk about school
once a day = 1,..., parents
never or hardly ever talk
about school = .

This City; spent most of
life in this city or towm
= 1, otherwise = O.

Ilumber of Times Changed
School; never changed
scnool = 1,..., changed
school four or more times

= 5,



Variable Standard
Name Deviation Description
L H L

.182 5.799 1.512 1.814 Last Time Changed
School; changed school
within a year = 2,...,
changed school five or
more years ago = T.

l%

o\

LSTCHSCL

AVSES 737 -.433 0.y25 ﬁ.039 Average Socio~Economic
Background.

PWPICLY 3.822 2.334 1.216 1.411 Proportion of White
: Students in Class Last
Yeary, no whites = Treeey
all white = 5,

FWPICLY? 16.085 7.1436 8.052 7.655 PIPICLY::¢2

PWHITE §.781 L.616 3.430 3.912 Propoxtion of white
" students in the school;
no vhite =1,..., all
vhite = 12,

PWHITE2 68.865 36.607 L7.450  15.563 PUHITE*%2

TAVR 25.328 23.027 1.076 3.136 Teachers!' Average Verbal
Right; teachers' average
verbal right for all

teachers in the school.

NTPRPUP 0.0LY 0.042 0.008 0.067 Number of Teachers Per
Pupil.

TANYTCH L.1463 L.372 0.708 0.637 Teachers' Average Ifumber
of Years Teaching; Iio
years teaching =1,...,
30 or more years = §.

PWTCHLY L.240 2.773 1.301 1.726 Proportion of White
Teachers Last Year; no
viite teachers =1,...,

all vhite teachers = 5,

TASEX 2.913 2.945 0.292 0.267 Teachers! Sex; all males
= 2,..., all femles = L',.

TPTC © 0402 0.43y 0.231 0.25] Proportion of Teachers
from This City; all from
this city = 1,..., none
from this city = 0.

TPADTN 0.112 0.113 0.147  0.126 Teachers' Problems with
Administration; lack of
c effective leadership = 1,
39 vesy NO problem = 0,




Variable

Name

FACILITS

PROBLEMS

AGES

PRPCPREP

TEST

NTCHLV
PRNMADEG
SMSA

NEWENG

Standard

Mean Deviation
H L H L
12.6Y6 12.125  1.335  2.156
167.31 168.27 2.055 2.4y7
L.798 L;.556 1.786 1.645
L3y . 321 0.158 .125
1.787 1.6Y6 0.L27 0.498
2.283 1.991 1.5 1.301
L.207 L.216 0.65Y 0.596
1.254 1.415 0.435 0.493
0.0LYy 0.013 0.217 0.114
40
(vii)

Description

School Facilities; a
combination of princi-
pal's responses about
library, auditorium,
gymasium, laboratories,
etc.

Problems in the schoolj;
a combination of prin-
cipal's responses about
problems of damage, dis-
courtesy and violence
to teachers, racial ten-
sion, stealing, drugs,
and drink (high value
means many problems)

Age of school; main
classroom less than one
year old = 1,..., more
than 3Y years old = 7.

Proportion of students
in College preparatory
program

Test; school gives in-
telligence tests and
standardized achieve-~
ment tests = 2, school
gives intelligence oxr
gtandard achievement
tests = 1, otherwise =
0.

Number of Teachers who
leave; less than 5%
left = 15444, more than
50% left = 7.

Principal has M.A.
Degree; no degree = 1,
«esy Doctorate = 6.

Standard Metropolitan
Statistical Area; with-
in metropolitan area =
1, otherwise = 2.

New England; New Englano
States = 1, othervise
=Ou



" Variable

Name

. MIDATL

LAKES

SEAST

SWEST

NTLKGC

CONST

BLACK

WHITE

ORIEHNT

PRICAN

0.212

0.158

0.07L

0.123

0.061

2.901

3.594

0.000
8.606

5.507

0.041

0.153

0.034

0.070

Standard

Mean Deviation
L H L
" 0.202 0.410 0.401
0.103 0.365 0.304
0.013 0.262 0.111
0.370 0.329 0.483
0.112 0.239 0.315
2.233 1.211 1.258
,4-031; 1-928 : 2-2)41
0.000 1.000 1.000
0.4441 0.280 0.497
0.061 0.497 0.2L0
0.066 0.199 0.252
0.032 0.360 0.176
0.125 0.180 0.231
0.204 0.255 0.403
41
(viii)

Description

Mid Atlantic; Mid
Atlantic States = 1,
otherwise = 0.

Great Lakes; Great Lakes
States = 1, otherwise =
0.

Plains; Plains States =
1, otherwise = 0.

Southeast; South Eastern
States = 1, otherwise
=0-

Southwest; South Westexr:
States = 1, otherwise =
0. (Farwest excluded)

Number of Times Talk
to Guidance Counselor;
not once = 1,¢24y 8ix
or more times = 5.

Number of Hours Watch

T.V.; not watch 7.V. =
Tyeeeyly or more hours

a day = 7.

Constant

Black; Black = 1, other-
wise = 0.

White; White
wise = O,

]

1; other-

American Indian; Native
American = 1; otherwise
=0-

Oriental; Oriental = 1,
otherwise = 0,

Puerto Rican; Puerto
Rican = 1, otherwise =
0.

Mexican American; Mexi~
can American = 1, other-
wise = 0.

(students who fail to pu
themselves in any one of
the above categories con-
stitute the excluded
category)



Appendix B
Measures of Goodness of Fit in Each Equation

#
Structural Form Equations (Two Stage Least Squares)

LOW . HIGH ALL >

ACH 0.235 0.176 0.553
CPREP 0.145 0.379 0.1
HOTACH 0.532 0.632 0.595
LOTIELY 0.30L 0.388 0.26L
EXP 0.316 0.L75 0.514
SELFEST 0.609 0.453 0.L34
CONTROL 0. 390 0.372 0.303
Reduced Form Equations

ACH 0. 141 0.135 0.L06
CPREP 0.110 -0.197 0.227
HOTACH 0.255 0.287 0.247
HOTTELY 0.205 0.250 0.209
EXP 0.173 0.218 0.259
SELFEST 0.103 0.145 0.129
CONTROL 0.085 0.180 0.182

“In calculating the R2 for the two stage least squares estimates of
the structural form equations, we use the observed values rather
than the predicted values (from the first stage).

(ix)




APPENDIX C

CHART-R~-1 »*
Demographic Exogeneous Variables
Direction of Significant Relationships
Reduced Form Estimates

SEX AGE BLACK WHITE AMIND ORIENT

ACH oW -

EIGH - - + -

+
-+

ALL - - -

CPREP oW -

HIGH -

AL = =

MOTACH LOW -

HIGH -

+ ]+
+

ALL

MOTDEMY LOW

H1GN

|+ ]+ ]+ ]+

[+ +]
1

+

+

ALL

EXP LOW -

HTCH = —

ALL

1
1
+
+
+
+

+
§

SELFEST . _LOW

HIGH 1 -

1
+
+

[

ALL - + + -
CONTROL LOW + - :

HIGH

+
1
+
+

ALL + . - + + +

PRICAY MEXAM  SMSA TIIEYENO MIDATL LAKES

ACH el = - + - -

AIGH -

ALL - - - =
CPREP LOd

HIGH ~ T

ALL

MOTACH LOW -

_HIGH = - -

MOTDEMY LOW__ - -

HIGH

BXP LOW - =

HIGH -

SELFEST LOW - +

HTGH

ALL . +

CONTROL LOV - e

HIGH ) - =

ALL +
*
See Appendix A for a description of the variables.

R
Significant at the 5% level (one-tailed test).
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Demographic Exogenous Variables (cont'd)

PLAINS SEAST SWEST

ACH LOW

BIGH

ALL + -
CPREP 1OV +

HIGH

ALL

HMOTACH 1OW +

BIGH -

ALL +

+ |+ 1+ [+ [+]

MOTDELMY Low

HIGH +

ALL + +

EXP Low

HIGH T

ATL Z "

SELFEST Low

HIGH

ALL + +

o

COXTROL LOW

HIGH

ALL + +

*
See Appendix A for a description of the variables.

6%
Significant at the 5% level (one-tailed test).

(i)




CHART R-2

#*
Home Environment Exogenous Variables
Direction of Significant Relationships

Reduced Form Estimates

8
w

TIFO

TWOP

HOBAS

FL

ACH LoV

-+

-+

HIGH

-+

ALL

-+

-+

CPREP 1OW

HIGH

ALL

MOTACH oW

HIGH

ALL

+ |+ |+ |+ [+

-+

MOTIELY LOW

-+

HIGH

-+

ALL

BEXP LOW

HIGH

ALL

4 [+ | [ [ e ] e e

SELFEST 1OW

HIGH

-+

ALL

-+

CONTROL ILOW

HIGH

ALL

N I O S ) ) B P B

TC

LSTCHSCL

ACH LOW

HIGH

v+ |3 + |+ |

ALL

-+

CPREP TOW

HIGHE

ALL

JMOTACH LOW

HIGH

ALL

4+

1OTDEN Y LOW

HIGE

ALL

+ 4 [ | e

EXP oW

HIGH

-+

ALL

SELFEST LoW

+ |+

HIGH

ALL

CONTROL oW

HIGH

ALL

*See Appendix A for a description of the variables.

H3H

Significant at the 5% (one-tailed test).
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Chart R-3
*
Peer Characteristics Exogenous Variablesg
Direction of Significant Relationships
Reduced Form Estimates

AVSES PWPICLY PWPICLY2 PWHITE PWHITE 2

ACH LOW - + + -
HIGH] - +
ALL - .,  + +
CFPREP oW - )
HIGH - + -
ALL - ) - +
1I0TACH LOW - - +
HIG - + -
ALL - - +
MOTIELY LOW - - + + -
HIG + - -
ALL - + -
EXP oW - +
HIGH -
ALL - - + + -
SELFEST LOoW -
HIGH - - + + -
ALTL - - + + -
CONTROL oW -
HIGH
ALL -

“See Appendix A for a description of the variables.

%
Significant at the 5% level (one-tailed test).
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CHART R-L

' *
School and Teacher Characteristics Exogenous*\la.riables
Direction of Significant Relationships
Reduced Form Estimates

PRPCPREP  FACILITS PROBLEMS AGES TEST PRNMADEG

ACH LOW +

HIGH "

+

- -+ -

E

HIGH

MOTACH LoV

HIGH

4|+ |+ |+
+
+

MOTDEMY LOW

HIGH

HIGH

=
+]+ [+ |+ |+
[
++ 1+

SELFEST 1LOW - _

+

HIGH -

CONTROL LOW + =
HIGH '

TAVR NTPRPUP TANYTCH TASEX  TPTC TPADTN

ACH LOV + +

HIGH

CPREP 1OV

HIGH

MOTACH LOW -

HIGH| - 7

MOTDEMY LOW

HIGH

+ 1+ |+ 4+

EXP LOW

HIGH -

E

+
+

SELFEST LOW

HIGH -

CONTROL LOW + +

HIGH

% ‘
See Appendix A for a description of the variables.

o _
Significant at the 5% level (one-tailed test).
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School and Teacher Characteristics BExogenous Variables
(cont'd.)

NTCHLV NTLKGC PWICHLY

ACH LOW + +

HIGH + +

ALL + + +

:
:

MOTACH LOW

+ |+ [+ [+

MOTDEMY  LOW

HIGH

HIGH

SELFEST LOW

HIGH -

CONTROL LOW

HIGH

=
SR E EO EO R B N ) ) O F K ) iy Py P

* . y
See Appendix A for a description of the variables,

k2.3
Significant at the 5% level {one-tailed test).
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