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PART I INTRODUCTORY.SECTION

SUMMARY

.This study identifies the policy variables that are effective
in 1.ncreasing student verbal achievement in urban grammar schools
and high schools. A theoretical model of student motivation is
developed and used as a guide in the specification of an empirical
model of.student achievement. The empirical model is estimated
using the data gathered for the Coleman report on Equality of Edu-
cational Opportunity. Tbe empirical model is used to quantify the
rates of return associated with each policy variable

INTRODUCTION

The purpose of this study is to identify an economically and
aducationally efficient pattern of resource allocation in urban
education. To this end, the study identifies the policy variables
that are effective :r.n increasing student verbal achievement in
urban grammar schools and high schools and estimates the impact of
these variables upon verbal achievement, upon expected years of
education cowpleted by a typical student and upon expected lifetime
earnings of a typical student. Previous studies of resource alloca-
tion in education have had some difficulty in distinguishing effects
which are specific to particular, school controlled, policy variables
because of the large amount of intercorrelation among these variables
and between these variables and variables describing the students'
socio-economic status and non-school environment.

METHODS

The piesent paper develops a theoretical model of student
motivation that is used as a guide in the specification of an
empirical econometric model of student achievement. This empirical
model describes the educational process in grammar schools and in
high schools as a chain of causal relationships, thereby greatly
reducing the imprecision due to intercorrelation among the student
background and the school variables. The empirical model is used
to estimate, by means of econometric techniques, a simultaneous
ecluation econometric model. The Parameters of the estimated
model are used to derive estimates of the impact of the school
controlled PolicY variablePon various indicators Of acho°1 °ut1T
student verbal achievement; expected years of school completed, an
expected student earnings. Further validation of the structure of
the empirical model is. provided in Appendix'B.
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The Model of Student Achievement

The theory of student motivation developed here is essentially
an outgrowth of the theory of consumer choice. The latter theory
describes how the consumer's dollar budget is allocated among
various goods. The present theory describes how the student chooses
to allocate his classroom time between academic and .non-academic
pursuits. In the theory of consumer choice, the consumer is assumed
to purchase the satisfaction embodied in the consumption of a
'bundle of goods and services with the money he spends. Here the
student is viewed as purchasing a stream of present and future
rewards with the time at his disposal.

It is assumed that the student divides his classroom time among
time spent on academic pursuits and time spent on non-academic pur-
suits with a view to maximizing the psychological rewards (utilities)
resulting from this allocation. In the analysis that follows,
the proportion of classroom time spent on academic pursuits is viewed
as allocated to the purchase of a composite good comprising the
rewards (teacher acceptance, expected future earnings, etc.) which
can be purchased with classroom time devoted to academic work. Simi-
larly, the proportion of time spent on non-academic pursuits is
viewed as devoted to the purchase of another composite good con-
sisting of the rewards (peer acceptance, leisure) that tend to be
acquired by expenditure of classroom time on non-academic eudeavors.
It is shown how various school and socio-economic factors affect
the students' evaluation of the two composite goods which can be
purchased with academic and non-academic usage of classroom time
(i.e., their Utility functions) and how these variables influence
tbe ability of students to transform classroom time into peer group
and into teacher acceptance (i.e., their opportunity sets). The
result is a theory which describes the way in which student study
habits are affected by various school and home characteristics. That
theory is then used to specify how these variables should enter a
descriptive empirical model that predicts the level of student achieve-
ment.

The Econometric Models

The model thus arrived at is estimated econometrically, using
simultaneous equation techniques. Separate equations are estimated
for a grammar school and fox. a high school model.

The general flow of causation in the estimated models can be
summarized as follows: In the first equation student verbal achieve-
ment is determined by student motivation and several ,other school and
background variables. In the second equation student motivation is
determined by prior verbal ability and the extent of ,disciplinary
problems in high schools and ,by parental interest, effective class
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size and several other variables in grammar schools. The third
equation for grammar schools determines effective class size by
actual class size, the quality of instructional equipment and by
the extent of disciplinary problems in the school. The subsequent
equations determine the extent of classroom disciplinary problems
in the high schools and grammar schools by actual class size, parental
interest in education and several other school and background
variables. Finally, parental interest in education is determined by
family background characteristics. The flow of causation in the model
therefore runs from various school and background variables through
the extent of disciplinary problems and the opportunity for personal
contact between teacher and student, which tnteract to determine
student motivation and therefore student achievement.

The endogenous variables in the model are student verbal ability in the
sixth and twelfth gradea., student motivation, a proxy for the number of
positively reinforcing contacts that can be made by the teacher',
student disciplinary problems, and parental interest in education.
The exogenous policy variables in the model are average teacher
verbal ability, the proportion of teachers who were education majors
in college, the average number of years of teacher experience, the
difference in the proportions of black students and black teachers,
average class size, the quality of classroom instructional equipment,
the extent to which students had been read to before kindergarten and
the extent to which teachers are free to adopt classroom procedures
adapted to the needs of the students. The remaining exogenous var-
iables in the model are student background variables, a proxy for the
prior verbal ability of sixth grade and ninth grade students, and the
extent of racial harmony in the school.

The data set upon,which the statistical: analyses :are .baSed Is a
statistical.random, sample of,369 graMMar,schools:and 95 high.schOols
taken'from' the croSs-sectional.data'COalectedHin'1965 'for_Use'infthe
Coleman Report.. The complete.ColeMan.datal.set _was not uSecl becauSe
we wished.to:take.account'of-seMe_of ithe,Criticis'ffis_ef the:.COleman

Report!' The PreSefitramPle'is:MadeSMallei
so thatjt,cOuld:be, more highly representative:Of:BlackS and Cities.
In addition, the CeleMan 'figures were'sUbjeCted'to.eXtensiVe,editing
to eliminate.recording errorS','and to:ensUreinternal ecinsiStency:'

1This variable is emitted from the high school model, w ere
teacher-student relatienshiPs are more impersonal.
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PART II SUMARY OF RESULTS, CONCLUSIONS AND RECOMMENDATIONS

RESULTS

The policy variables which the econometric estlmates obtained in
the model indicate to be important are listed below, in order of descend-
ing influence upon student achievement. The effect upon student
achievement of the variables llsted under headings (1) and (2) is sub-

s tantial ; the influence of variables listed in (3) and (4) is moderate;
and the impact of the variables detailed under headings (5) and (6)
is quite small, while still being s tatistically significant. For an
understanding of the meaning of the results the reader should consult
Chapters I-III of the Analysis and Findings section of the present
report.

We find that:

1. Teacher verbal ability is by far the most important
determinant of student achievement in both high school and
grammar school.

2. Pre7school enrichment programs are the setond most imper7
tant determinants of s tudent achievement with: effects lasting'

at least to the sixth grade.:

3. Racial Matching of teachers and Students is, likely to ,

increase student Jnotivation, par titularly for black ,students.

4. GraMmar school teachers who were eduCatiOn majorS tend
to be more effettive than other:teachers of- similar verbal
ability in producing achievement.

The following variables are subs tantially less important determinants
of student achievement than those described above:

5. Class size and the quality of instructional equipment
affect the number of positively reinforcing Student con-
tacts that can be made by teachers. They are therefore
indirect determinants of student motivation.

6. :TeaCher,'experience. and- the:relative freedom y o :teddhers
to ,fit instructional .POhnique:. :to theneedof studen ts.
influente the eXtent..of

'1114.0.Y the time available fOt

-positively re4.4.0F07Pg :661:1;
'indireCe,deterMinatitSOfi tudent metiv4
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A proxy for the social benefits to be gained from a particular
educational policy is the future income stream which would be
generated by increasing the level of the pertinent policy variable.
In what follows we will refer to the increment in the present
value of total future student earnings attributable to a unit
increment in a policy variable as the return to that policy
variable. This return is calculated assuming that: the rate of
discount of future earnings is 572, the increment in lifetime
earnings is in the form of a constant yearly sum over a working
lifetime of 40 years, the average number of years of education
completed by a typical student is 12.8 years and there are 30

students per class. Then: the return to teacher verbal abi ity
3

on the high school level is $7503 per teacher year, and ehe return
to teacher verbal ability on the grammar school levelis $7066
per teacher year. The return to preschool reading programs is
$1710. The return to the teacher-student racial difference is
$180 for the high school and $233 for the grammar school. The

return to teacher education majors is $386. The returns to class
size in high schools and grammar schools are $360 and $270
respectively. The return to instructional equipment is $39 and
the return to teacher experience is $64. Finally, the return to
teacher freedom is $13.

CONCLUSIONS AND RECOMMENDATIONS

The summary of recommendations which follows is stated without
the usual caveats concerning the quality of the data, the compre-
hensiveness of the model, etc. These are to be understood to apply
to this as to any other analysis. For a better perspective on the
applicability and limitations of the recommendations the reader is

urged to examine Chapters I-III of Part III (Findings and Analysis).
It should, however, 'be mentioned even here that the recommendations
presented below are the result of a study based on data applying to
a variety of schools at a single point of time rather than on panel
(time series) data relating to a set of schools over time. Our
recommendations therefore do not apply to the transition problems
which might be encountered in their implimentation; their validity
is for a post-transition period, and describes the average results
which might be expected from the changes recommended over a decade

or so.

On the basis of our findings wer recommend that, if the objec-
tive of public education is to enhance the student s academic achieve-
ment, their lifetime earning capacity, or their motivation then:

(1) School-authorities should alter their salary structures
and hiring practices so as to promote the hiring of teachers
with greater verbal ability.

For discount rates of 6%, 4, and 8%
paragraph should be multiplied by .88, .77

3The definitions of the units in which the variable s are measured
nye oiven in the discussion of Table II of quipter III of Part III-of

the returns given in the nekt
:and .69-respectiVely.



(2) On the other hand, emphasis on teacher experience and
on semesters of education of teachers appears unwarranted
in terms of student educational achievement. Educational
results do not justify the current emphasis being placed on
these factors in salary structures and hiring practices.

(3) The persistent affect on student achievement of the
extent to which students were read to before kindergarten
even when one controls for socio-economic background and
other home environment and school characteristics suggests
that pre-school enrichment programs can be expected to
yield large returns, particularly for students whose parents
do not provide a verbally active environment.

(4) In assigning teachers to schools, a policy of minimizing
teacher-student racial differences should be followed. The
importance of the extent of teacher-student racial differ-
ences in termining student motivation suggests that because
of their roles as meaningful educational models, Black teachers
should be preferred to white teachers of eclual verbal ability
for black students.

(5) For grammar schools, teachers who were education majors
in college should be preferred, since they tend to produce
students of higher verbal ability than do teachers who have
other college majors.

(6) Expenditures for reductions in class size, and improvements
in the quality of instructional equipment generate rather small
returns in terms of student performance; even though they do
affect student motivation.

(7) ,Reduced clasS sizes and teacher experience are more
important in graMMar achOols than'In..high.schoolS.'

(8) Teacher ifreedoM,to fit classroom proCedures-to'he needs .
of,the students leads to slight iMprOvements -in student'Motivar
tion andbehievement.-Since,an.:increase. in 'relative 'teacher .
freedom is hOwver VirtuallY.costieSs,, schOoll,authOrities._
might prOfitably experiment with curriculum designs .that allow
'the teacher more_ latitude'.

.
.



PART III FINDINGS AND ANALYSIS

THIS SECTION OF THE REPORT WHICH IS DIVIDED INTO THREE CHAPTERS

GIVES THE ANALYTIC AND EMPIRICAL BACKGROUND FOR THE CONCLUSIONS

AND RECOMMENDATIONS OF TUE S1UDY.

Chapter I

THE DETERMINANTS OF STUDENT ACHIEVEMENT IN GRAMMAR SCHOOLS:

A SIMULTANEOUS EQUATION APPROACH

I. INTRODUCTION

The purpose of this study is to identify, the policy variables

that are effective in increasing student verbal achievement in

urban grammar schools. Previous studies with the same general goal

have had some difficulty in distinguishing effects which are spe-

cific to particular policy variables because of the large amount

of intercorrelation betweeu variables treated as "independent."

The present paper develops a theoretical model of student

motivation that is used as a guide in the specification of an

empirical model of student achievement. This empirical model

describes the educational process as a chain of causal relation-

ships, Chereby greatly reducing the tmprecision engendered by

multicollinearity. Estimates of the parameters are presented and

the policy recommendations resulting from the model are discussed.

The associative theories of learning upon which this paper

relies state that student verbal achievement is determined pri-

marily by the number and arrangement of words to which the indivi-

dual is exposed. In a survey of learning theory, for example,

Arthur Jensen says that, "learning verbal labels for objects is

greatly facilitated if the labels occur with the objects repeatedly

in different verbal contexts."1 Student classroom exposure to

words is, in turn, determined by the ability and training of the

teacher and by the willingness of the student to be instructed,

student motivation. To understand the learning process, we there-

fore require a theory of student motivation.

II. THE THEORY OF STUDENT MOTIVATION

The theory of student motivation developed here is essentially

an outgrouth of the theory of consumer choice: The latter theory de-

scribes how the consumer's dollar budget is-allocated among various

goods. The'Present theory describes how.the student chooses tO allocate

his classroom time betWeen,.academic'and non-aca*mic.pur'sUitS. In.the

theory of consumer ,chOiCe, the consumer is asSumed to purChase:the satis-

faction embodied in'the,consuMptionjof a bUndleofigoods arid services with the

1"Social Class and Verbal Learning" in Social Class, Race, and

Psychological Development; Deutsch, Katz and Jensen editors; New York;

Holt, Rinehart and Winston Inc 1968 lip^ 126-127.
.1.L1
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money he spends. Here the student is viewed as purchasing a stream of
present and future rewards with the time at his disposa1.2

Tt will be assumed that the student divides his classroom time among
time spent on academic pursuits and time spent on non-academic pursuits
with a view to maximizing the psychological rewards (utilities)
resulting from this allocation. The moSt important rewards associated
with time spent on academic pursuits are: parental approval, teacher
approval, expected future earnings, and expected future occupational
status. The primary rewards associated with time spent on non-academic
pursuits are: peer acceptance and leisure (i.e., school time devoted to
relief from boring or difficult work). Specific reward items can, of
course, appear on both lists. For example, at some schools and in some
subgroups of students peer acceptance may depend upon academic status
as well. In others, parental approval may be essentially independent of
student academic achievement.

In the analysis that follows, the proportion of classroam time spent
on academic pursuits M will be viewed as allocated to the purchase of
a composite good T, comprising the rewards (teacher acceptance,
expected future earnings, etc.) which can be purchased with classroom
time devoted to academic work. Similarly, the proportion of time spent
on non-academic pursuits ( (1) L = - M ) will be viewed as devoted to
the purchase of a composite good P, consisting of the rewards (peer
acceptance, leisure) that tend to be acquired by expenditure of class-
room time on non-academic endeavors. It will be assumed that the utility
function which is maximized by the student is a convex ordinal preference
function of T and P, U (T, P). It will also be assumed that the functions
describing how academic and non-academic classroom time are transformed
into P and T respectively are linear,3 with (2) T = a M and
(3) P = d L and a and d constants.

Given these assumptions it can be shown that the student can
transform P into T as described by equation:

(4) T = a - ( a/d ) P.

We can then find the student's desired T and P, and therefore his
desired M, by maximizing U ( T, P ) subject to (4). Using the method of

Lagrange we maximize

(5) W = U(.T,P) 4-x[T-a+(ad) 13]

2See Gary S. Becker, A Theory of the Allocation of Time, EJ 75:
493-517, Sep. 1965.

3It should be stressed that this assumption is made for expositional
convenience only and not because it is required in the analysis.

11
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Taking partial derivatives with respect to T and P, setting them
equal to zero and eliminating X we obtain the equilibrium condition

(6) -( a/d ) = -( au/ap )/( (-Hun')

Equations (4) and (6) are the first order necessary conditions for
maximum utility.4 They may be solved for an equilibrium value of M,
M'. M' is the proportion of classroom time the student desires to
devote to academic pursuits. It is the theoretical measure of student
motivation used in this study.5

II. 1. Graphical Analysis

The meanings of these conditions will be explained with the aid of
a four-panel diagrammatic analysis based on Figure I. The solid straight
lines in panels one through four are representations of equations one
through four.

The line a d in the third panel is derived from the other three
panels as follows: If the student devotes all his classroom time to
academic work he will be at point h in panel 1. This corresponds to a
level a of teacher acceptance (see panel 4) and to a zero level of
non-academic work. The second panel shows (see point o) that this, in
turn, corresponds to a zero level of peer acceptance. Thus point h in

panel 1 corresponds to point a in panel 3. Point g in panel 1 corre-
sponds to point o in panel 4, point k in panel 2 and therefore to point
d in panel 3. Connecting points a and d by a straight line (repre-
senting equation 4) we have the collection of points in ( T, P ) space
that correspond to the line gh in ( L, M ) space. For example, point n
in panel 3 corresponds to point n' in panel 1. Therefore, for the
student, choosing a particular mix of teacher and peer acceptance
( P' ) is equivalent to choosing the proportion of classroom time
M' to be devoted to academic work.

The curved line in panel 3 represents one of the student's indiffer-
ence curves. We know Chat the slope of an indifference curve is:

dT/dP = -( )1( ).

4The second order condition for maximum utility is satisfied because
of the linearity of equation .4 and the assumed convexity of the student's
indifference curves.

5This measure is made simple for expositional convenience. A more
complete measure would take into account the intensity of work per unit
of time that the individual is willing to do.

12
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From equation 4 we know that the slope of the line ad is -(a/d). There-
fore, the first order conditions mean that the student should operate at
point e in panel 3 where one of his indifference curves is tangent to
his transformation curve. This point corresponds to point e' in panel
1. Thus the equilibrium proportion of classroom time devoted to
academic work by the student represented in Figure I, would be W.

III. MOTIVATIONAL CONSEQUENCES OF DIFFERENCES IN UTILITY FUNCTIONS
AND TRANSFORMATION FUNCTIONS

We have presented a theoretical model in which the level of student
motivation is determined by the student's tastes and opportunities. We

will now use the model to investigate the causes of some differences in
student motivational characteristics.

III. 1. Motivational Consequences of Differences in Utility Functions

Consider the point r in panel 3. If the student's tangency position
were at r rather than at e, he would devote more (Mr rather than M')

time to academic work. A tangency position at r indicates that the
student finds peer acceptance relatively less important and teacher
acceptance relatively more important than a student with a tangency
position at e. The nature of family life of low status families (a
greater degree of father absence, more mothers who work, and a greater
number of siblings with whom to compete for available parental attention)
encourages their children to be independent of the family, at a relatively
early age and to use the peer group as a substitute source of values.
These values tend to favor physical prowess and attitudes of independence
of authority. By contrast, young middle class children rely primarily
on their parents for ego support and development.6

6For an excellent summary of social class and racial differences in
ego development see, Ausubel and Ausubel, "Ego Development Among
Segregated Negro Children," in Education in Depressed Areas; H. Passow,
ed.; 1968. In referring to the influence of social class the Ausuhels
say, "Many of the ecological features of the segregated Negro sub-
culture that impinge on personality development in early childhood are
not specific to Negroes as such, but are characteristic of most lower-

class populations . . . lower class parents extend less succorant care
and relax closely monitored supervision much earlier than their middle-
class counterparts. Lower-class children are thus free to roam the
neighborhood and join unsupervised play groups at an age when suburban
children are still confined to nursery school or to their own backyards.
Hence, during the pre-school and early elementary-school years, the
lower-class family yields to the peer group much of its role as
socializing agent and source of values and derived status. . . This
pattern of precocious independence from the family combined with the

(Cont.)
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Thus we would expect to find relatively many high status students
at points like r and relatively many low status students at points like
e. The empirically testable version of this proposition for the present
study is that, cet. par., low status students are less highly motivated
than high status students.

The preceding discussion has dealt with motivational differences
thaterise from socially induced differences in utility functions. Vie

will now consider motivational differences that arise from differences
in opportunity sets. The student's opportunity set is derived from
equations one, two, and three. Any differences in opportunity sets must
therefore arise from differences in one or more of these equations.
Since equation one is the same for all students, whatever opportunity set
differences arise stem from equations two and three.

III. 2. Motivational Consequences of Differences in the Second Equation

The second equation indicates the rate at which the student can
transform academic work into teacher acceptance. Teacher acceptance for
the purposes of this exposition should be thought of as the number of
positively reinforcing contacts made by the teacher during the time
period under discussion.7 The rate at which these contacts are made
depends upon the teacher's willingness and opportunity.

The teacher's opportunity for contact with the individual student
depends in turn upon the amount of attention required of her by other
students. This required attention may be expected to rise 1) if the
teacher does not have good instructional equipment to constructively
occupy her other students; 2) if the teacher must cope with a relatively
large number of discipline problems, or 3) if there are a large number
of students in the class. Any of these considerations can be expected to
reduce the slope of the line representing the rate at which academic time
M can be transformed into teacher acceptance T (constant a in equation 2).

The fourth panel in Figure II shows a change in the slope of the
second equation. According to our discussion above, a decrease in class
size or disciplinary problems or an increase in the quality of
instructional equipment can be expected to change the diagram of equation

6 (Cont.) exaggerated socializing influence of the peer group, although
dharacteristic of both white and Negro lower-class children, does not
necessarily prevail amon3 all lower-class minority groups in the United
States. Both Puerto Ricm and Mexican children enjoy a more closely knit
family life marked by morM.: intimate contact between parents and children."

7This can be thought of as a school year.
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2 from oi to oj. If equation 3 does not change, the change in the
second equation will lead to a change in the diagram of equation 4 from

ad to a'd.

In panel 3 of Figure II, the student was originally in equilibrium
at the tangency point v on indifference curve Uo. This corresponds to
a level M' of student motivation (see quadrant 1 in Figure II). In
order to show the influence of a change in equation 2 upon student
motivation, we will separate the total effect in quadrant 3 into what
may be termed an income effect and a substitution effect. By an income
effect, we mean the change in consumption of P and T that the student
will make as a result of a parallel shift in his opportunity set
boundary. By a substitution effect, wemean the change in the student's
equilibrium quantities of T and P that will result if the slope of his
opportunity set boundary is changed and he is forced to remain on the
same indifference curve.

In panel 3 the substitution effect is from v to w. Where the
indifference curve 1.70 is tangent to the dotted line cc which is parallel

to the student's opportunity set a'd. The direction of the sub-
stitution effect is given by the assumptions about the convexity of the

utility function. After changes in the diagram of equation 3 from oi
to oj, the student finds that the price of teacher acceptance in terms
of time has decreasea while the price of peer acceptance has remained

the same. Teacher acceptance has therefore become relatively cheaper
and peer acceptance has become relatively dearer. The substitution effect

from v to w thus results in an increase in T and a decrease in P. In

terms of student motivation, the substitution effect involves an increase
in motivation from N to M".

The influence upon student motivation of the income effect resulting
from a change in the price of teacher acceptance conflicts with the

influence of the substitution effect. The movement from point u on cc
to a point on a'd constitutes the income effect. In the theory of
consumer behavior a normal good is one whose consumption increases as a
result of a parallel shift in the boundary of the opportunity set. An
assumption of normality would seem reasonable for both T and P. The
meaning of this assumption is as follows: the student will try to
increase his consumption of both P and T if his opportunity set boundary

shifts out in a parallel manner. This means that the students final
equilibrium point will be between x and z. (see panel 3 of Figure II).

If the final equilibrium point were between x and y, a policy like
class size reduction would lead to an increase in student motivation.
On the other hand, if the final equilibrium point were between y and z,

a policy like class size reduction would, perversely, lead to a decrease

in student motivation.

If the substitution effect dominates the association between teacher
contact and student motivation estimated empirically will be positive.
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However, because of the opposite influences of the substitution and
income effects upon student motivation, empirical estimates of the
effect of increased teacher contact might be expected to be low.

III. 3. Motivational Consequences of Differences in the Third Equation

The third equation indicates the rate at which the student can trans-
form non-academic classroom time into peer acceptance. For the purposes
of this exposition, peer acceptance can be thought of as the number of
close friends the student has.

The methods employed by students to transform non-academic classroom
time into peer acceptance generally produce disciplinary problems. In
fact, for many students, the creation of classroom disruptions is a
chief means of acquiring peer acceptance.8 The teacher who is most
sensitive to the process by which disruptions are transformed into peer
acceptance can be expected to be most effective in providing counter-
Measures which blunt the efficiency of that process. It is sometimes
said that this kind of teacher sensitivity is acquired through experience
or through similarity in teacher-student backgrounds, and is most effec-
tive when school regulations do not hinder the implementation of appropri-
ate countermeasures. Thus, we would expect such things as teacher
expierience, teacher-student racial differences, and relative teacher free-
dom in classroom organization and techniques of control to affect the
slope of the third equation.

The rate at which the student can transform classroom time into peer
acceptance also depends upon the values of the peer group. If an
attitude of independence is prized, the student will find it easier to
buy peer .acceptance with a given number of classroom disruptions and
more difficult to maintain peer acceptance if he automatically complies
with the wishes of the teacher. In speaking of the relationship between
student and teacher, Ausubel and Ausubel9 say, "The lower-class child of
school age.. . . is coerced by the norms of his peer group against
accepting her authority, seeking her approval, or entering into a satel-
lizing relationship with her." Thus we would expect social class to
affect the slope of the third equation.

8To loosely test this proposition, twenty students from different
classes in two grammar schools were asked two questions: 1) Who is the
most popular person in your class? 2) Is he (ghe) the sort of person who
fools around a lot or does he (she) study hard? In every case the most
popular person fooled around a lot in class, although several also
studied hard. The two schools were polar types; i.e., one was in a poor
Black neighborhood and the other was in a well-to-do White neighborhood.

9Ausubel and Ausubel, Op. Cit., . 117.
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The second panel in Figure III shows a change in the slope of
equation 3. According to our discussion above, a decrease in teacher-
student racial differences, an increase in teacher experience, or an
increase in teachctr freedom will lead to a change in the diagram of
equation 3 like that shown from oj to ok. Because of differences in
peer group values, students from high status families.can be expected to
face curves like ok while students from low status families can be
expected to face curves like oj. A movement from oj to ok will lead to
a change in the diagram in quadrant 3 from ad to ad'.

In panel 3 of Figure III, the student was originally in equilibrium
at tangency point v. The total effect upon student motivation arising
from a change in the third equation will be separated into an income
effect and a substitution effect, as before.

In panel 3, the substitution effect is from v to w. In terms of
student motivation, the substitution effect involves an increase from M'
to M" (see panel 1 of Figure III). As in the previous case, the
direction of the income effect is the opposite of the direction of the
substitution effect. The movement from point w on cc (quadrant 3) to a

! point on ad' constitutes the income effect. If normality is again
assumed for both P and T, the student's final equilibrium point will be
between X and z.

Thus, if the final.equilibrium point were between y and z, an
increase in a variable like teacher experience would lead to an increase
in student motivation from point M' to a point between M' and M". If the
final equilibrium point Were between y and x,* an increase in a variable
like teacher experience would lead to a decrease in motivation from M'
to a point between M' and M'''. If the substitution effect dominates
the income effect, we should notice a positive but small association be-
tween variables like teacher experience and student motivation.

IV. THE EMPIRICAL MODEL OF STUDENT ACHIEVEMENT

The structure of the empirical model to be developed in these pages
is anchored in the theory of student motivation *formulated above and in
an associative theory of learning.

Before proceeding with the specification of the empirical model,
however, a few words about the data to be used are in order.

IV. 1. The Data

The data set upon which the following statistical analyses is based
is a stratified random sample of 369 grammar schools taken from the cross-
sectional data collected in 1965 for use in the Coleman Report.10

1
()The Report on Equality of Education Opportunity published in 1966 by

the Office of Education.
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MOTIVATIONAL CONSEQUENCES OF DIFFERENCES IN THE THIRD EQUATION
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The complete Coleman data set was not used because we wished to take
account of some of the criticism:41 of the Coleman Report. The present
sample is made smaller than the original sample so that it could be more
highly representative of Blacks and of cities. To this end, rural
schools are eliminated from the sample and the proportion of suburban
schools is smaller than in the original sample.

The greatest difference between the original and present samples is
that the former consists primarily of individual student, teacher and
principal responses to a set of questionnaire items while our data set
consists largely of school averages of these respouk4es. These averages
were ,taken principally to facilitate data handling.

IV. 2. Specification and Estimation of the Empirical Model

In the following sections of this paper we will use the theory of
student motivation to aid in the specification of a five-equation recur-
sive model of the educational process. Two stage least squares tech-
niques will be used to estimate these equations. Before proceeding with
a detailed description of each equation, however, we will first summarize
the general flow of causation in the model..

IV. 2.1 Preliminary Summary of the Model

The endogenonous variables in the model are student verbal ability
in the sixth grade, student motivation, a proxy for the number of
positively reinforcing contacts that can be made by the teacher, student
disciplinary problems, and parental interest in education. The exogenous
policy variables in the model are average teacher verbal ability, the
proportion of teachers who were education majors in college, the average
number of years of teacher experience, the difference in the proportions
of black students and black teachers, average class size, the quality of
classroom instructional equipment, the extent to which students had been
read to before kindergarten and the extent to which teachers are free to
adopt classroom procedures adapted to the needs of the students. The
yemaining exogenous variables in the model are student background
variables, a proxy for the prior verbal ability of sixth grade students,
and the extent of racial harmony in the school.

The general flow of causation in the model can be summarized as
follows: In the first equation average student verbal ability in the
sixth grade is determined by student motivation and by several other
school and background variables. In the second equation student
motivation is determined by Fiarental interest, by effective class size
(the proportion of teachers who think their classes are too large for
effective teaching) and by several other school and background variables.

11 See, for example, the excellent analysis by Bowles and Levin in the
JHR, III, 1967.
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In the third equation, effective class size is determined by the extent
of student disciplinary problems, by actual class size, and by the
quality of instructional equipment. In the fourth equation, the extent
of stud:rat disciplinary problems is determined by parental interest in
education, by class size, by teacher experience and by several other
school variables. In the fifth equation, parental interest in education
is determined by a set of socio-economic background variables.

The flow of causation therefore runs from various school and back-
ground variables through the extent of disciplinary problems and the
opportunity for personal contact between teacher.and student, which
interact to determine student motivation and therefore student achieve-
ment.

IV. 2.2 An Educational Production Function

The educational production function used in this study treats as a
dependent variable the average school score (V 6)12 on a test given to
sixth grade students to determine their verbal ability. Without wishing
to go into the technicalities of differences between the various learning
theories we assume that the school can increase student verbal
achievement by manipulating variables affecting the number and
arrangement of words to which the individual is exposed so as to achieve
a proper exploitation of the network of associations possessed by the
student. The.kind of mechanism.we assume to be at work in this
associative theory of learning was nicely summarized by James in 1890 in
his, Principles of Psychology. He said of a fact that, "Each of its
associates becomes a hook to which it hangs, a means to fish it up by
when sunk beneath the surface."

Since the main source of new words in the classroom is the teacher,
we would expect on rather straightforward grounds that, cet. par., the
average verbal ability of teachers (TVERBL)13 would be positively
related to V 6. However, the effect of teaCher verbal ability upon
sixth grade student achievement may be more complicated than this.
Highly verbal teachers may be more sensitive to the kind of associations
possessed by the students and perhaps better able to alter modes of
instruction to fit their needs.

12The numbers and letters in parentheses are the variable names used in
the regression equations. V 6 is the average school score on a test given
to sixth grade students. Its sample mean and standard egviation are 27.8
and 7.2 respectively.

13TVERBL is the average school score on a verbal test given to teachers.
Its sample mean and standard deviation are 23.7 and 2.2 respectively.

23
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This latter skill is presumably taught in college courses on
elementary education. We would therefore expect V 6 to rise cet. par.,
as the proportion of teachers who majored in elementary education
( TEDMAJ )14 rose.

As noted in the.introductory part of section II, we expect the more
highly motivated students (STUTRY)15 to attain higher verbal
scores, cet. par., on the grounds that highly motivated students will
use their classroom time more effectively and will therefore be exposed
to a greater number of association-building learning experiences.

Cultural differences between black-and white students might be
expected to lead to racial differences in the number and pattern of
associations. Therefore, since courses of instruction have primarily
been aimed at exploiting the associational patterns of white students,
we would expect the average sixth grade verbal score ( V 6 ) to rise as
the percentage of white sixth graders (RACE(' )16 rises. Racial
differences in student achievement may also be expected to arise from
motivational differences induced by racial differences in socio-economic
status.

Like the race variable, the extent to which sixth grade students
were read to before school (PRERD6) 17 can be expected to alter
tilt. number and pattern of associations upon which new knowledge can be
based. We would therefore expect the average sixth grade verbal score
(V6 ) to rise, cet. par., as the value ofPRERD6 rises.

14The sample mean and standard deviation of TEDMAJ are .66 and .18
respectively.

15STUTRY is a weighted'schoOl average of responses given by teachers to
the question, "How hard do your students try?" Its values could range
from 1 (not very hard) to 4 (very hard) and its sample mean and standard
deviation are 2.06 and .63 respectively.

16
The sample mean and standard deviation of RACE6 are 54.61 and 39.26

respectively.

17PRERD6 is a weighted school average of responses given by sixth grade
students to the question, "How often did someone read to you before you
started school?" This variable was assigned a value of o if, the student
answered, "never" and a value 3 if the student answered, "often." The
sample mean and standard deviation of PRERD6 are 1.65 and .23.
respectively.
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Finally, we include the third grade verbal test score ( V 3 )18 in an
attempt to overcame the value added problem. In our study, V 3 is
intended to represent the prior verbal ability of the sixth grade students
even though V 3 and V 6 are not the test scores of the identical students.
This use of V 3 is to some extent justified by the data which indicate
that the educational experience and the racial and socio-economic
characteristics of third and sixth grade students within a school tend to
be very similar."

The equation that follows was estimated by two stage least squares
techniques. The numbers preceding the variable names are beta coefficients
(the regression coefficients of the standardized variables) and the numbers
in parentheses are F statistics (the squares f the t ratios).

R = .83 F = 299.27

V6 = .35 STUTRY + .32 RACE6 + .20 TVERBL + .17V3
(93.3) (76.4 (54.2) (32.7)

.14 PRERD6 + .08 TEDMAJ
(33.3) (15.6)

The endogenous variables in this equation.are,V 6 and STUTRY. The
exogenous variables areRACE6,TVERBL, V 3, PRERD6 and
TEDMA J.

IV. 2.3 The Second Equation: Student Motivation

The theory of student motivation suggests that if the goods we have
called P and T are normal and the substitution effect tends to dominate
the income effect, we should detect a significant influence on motivation
from variables affecting the rates at which the student thinks he can
transform classroom time into P and T. The theory also suggests that we
should expect to find differences in motivation arising from socio-economic
differences in utility functions.

It should be recalled that while P and T have for simplicity been
called peer and teacher acceptance, they are intended to be indices of
goals or goods that can be bought with nonacademic and academic time

18V 3 is the average school score on a verbal test given to third grade
students. Its sample mean and standard deviation are 15.76 and 1.85
respectively.

19The simple correlations between the background .characteristics of
third and sixth grade students are on the order of .9.



respectively. Thus, the rate at which the student thinks he can trans-
form classroom time into T depends upon his notions of the returns to
academic work in terms of expected future earnings and status as well
as teacher and parental approval.

Parental interest in the student's education (PARINT )20 can
be expected to influence motivation in two ways. First, the returns to
academic work in terms of parental approval are greater if PARINT is
greater. Second, PARINT is to some extent an indicator of the nature
of the student's family life. Following the argument in section III. 3,
we can expect low values of PARINT to be associated with students who
tend to value parental acceptance relatively less, and peer acceptance
relatively more. High values of'PARINT should tend to be associated
with students who value parental acceptance'relatively more and peer
acceptance relatively less. The variable PARINT should therefore be
positively associated with student motivation (STUTRY ).

The perceived returns in future earnings and occupational status
will depend in great measure upon the kind of adult models the child has
had. The child's estimate of his chances of converting classroom time
to a high status occupation will tend, cet. par., to be relatively high
if his father's occupational status (FATOCP )21 is high and low
if his father's occupational status is low.

Similarly, the teacher may function as an effective model if his
students can identify with him in the psychological sense. It is
assumed that a similar teache'r-student racial background facilitates
the process of identification. Teachers of a similar racial background
will also be more successful in exploiting the pattern of associations
of the student, thus motivating him to learn, and in frustrating his
attempts to convert non-academic time into peer acceptance, thereby

20
PARINT is the proportion of teachers in the school who thought that

the parents tended to take an interest in their childrens' school work.
The sample mean and standard deviation of PARINT are .48 and .27
respectively.

21FATOCP is a weighted school average of sixth grade student responses
to a question about their father's occupation. The occupation was given
the value o if it carried low status (laborers, etc.) and the value 2 if
it carried high status (doctors, etc.). The sample mean and standard
deviation of FATOCP are .79 and .29 respectively.
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lowering the rate at which L is transformed into P. These effects lead
us to expect student motivation to be negatively related,'cet. par., to
the absolute value of the difference between the percentage of black
teachers and the percentage of black students (TSRA.SD)22.

The rates at which the student thinks he can transform classroom time
into teacher acceptance (i.e. M into T) and non-academic time into peer
acceptance (i.e. L into P) are both affected by the number of reinforcing
personal contacts between teacher and student. The variable we have
called effective class size (LRGCLS) 23 is used asaproxy for
the number of reinforcing contacts. It is expected thatLRGCLSwill
be negatively associated, cet. par., with student motivationprovided
the substitution effects dominate the income effects. We would also
expect the relevant coefficient to be small.

Finally, the number of schools attended by the average sixth grade
student (NOSC L6 )24 is included in the present list of determinants
of student motivation because of research suggesting that personality
changes may occur as a resplt of frequent changes in residence. For ex-
ample, Glen H. Elder, Jr.2' says that "Frequent residential changes that
introduce discontinuities in the experience of a child may create feelings
of insecurity, social isolation and identity confusion." In terms of the
model of student motivation this means that the rates at which the
student thinks he can transform classroom time into such things as peer
or teacher acceptance decline as the number of .attended schools increases.
Thus the student who has attended many schools may withdraw during class-
room time, expending little effort in both .academic and non-academic
pursuits. N 0 S C L6 is, therefore, expected to be negatively associated,
cet. par., with student motivation.

22The sample mean and standard deviation of TSRASD are 19.30 and 24.77
respectively.

23LRGCLS is the proportion of teachers in the school who thought that
their classes were too large for effective teaching. The sample mean
and standard deviation of LRGCLS are .50 and .20 respectively.

24The sample mean and standard deviation of NOSCL6 are 2.21 and .48
respectively.

25Glen H. Elder, Jr., "Socialization of Adolescents" in Borgatta and
Lembert (eds.) Handbook of Personality Theory and Research, Rand McNally
and Company, Chicago, 1968 p. 243.
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The statistics associated with the student motivation equation are

as follows:

R
2

= .68

STUTRY = .47 PARINT -
(131.8)

+ .16 FATOCP
(18.3)

F = 156.39

.25 TSRASD - .14 LRGCLS
(60.5) (15.1)

.12 NOSCL6
(12.6)

In this equation the endogenous variables are STUTRY, PARINT and

LRGCLS. The exogenous variables are TSRASD, FATOCP and NOsu6.

IV. 2.4 The Third Equation: Effective Class Size

It will be recalled from the discussion in section IV. 2.3 that
effective class size (LRGCLS) is used asaproxy for the number
of reinforcing personal teacher-student contacts. The number of teacher-
student contacts depencls upon actual class size ( C S ), the extent of
classroom disciplinary problems (DSIPLN) and the quality of

instructional. equipment (GDEQIP )26. If instructional equipment
is good, if class sizes are low, and if disciplinary problems are minor,

the teacher has more time to motivate individual students. Thus we
expect DSIPLN and CS to be negatively associated, cet. par., with

LRGCLS.

The statistics associated with the teacher-student contact equation

are as follows:

R2 = .45 F = 99.5

LRGCLS = .33 DSIPLN + .40 CS - ,.20 GDEQIP
(57.0) (98.5) (20.8)

26CS is average class size as reported by teachers. The sample mean
and standard deviation are 30.3 and 6.2 respectively. DSIPLN is the

proportion of teachers in the school who thought that too much time had

to be spent on discipline. The sample mean and standard deviation of
DSIPLN are .43 and .22 respdctively. GDEQIP is the proportion of
teachers who thought that their instructional equipment was at least

adequate in quality. The sample mean and standard deviation are
.7660 and .2208 respectively.
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The endogenous variables in this equation are LRGCLS and DSIPLN. The
exogenous variables are CS and GDEQIP.

IV. 2.5 The Fourth Equation: Classroom Discipline

The number of classroom disciplinary problems is related to the
general level of student motivation in the classroom. Therefore, some
of the variables that influence student motivation can be expected to
influence the variable DSIPLN. Specifically, the variables PARINT and
TSRASD are included in the present equation for many of the same reasons
that they were included in the student motivation equation. It is
expected that the signs associated with these variables will be the
opposite of those in the student motivation equation.

The variable RASCLM27 is an indicator of the extent of racial
harmony in the school. It is expected that RASCLM will be negatively
associated, cet. par. with the variable DSIPLN. Supplementary work on
this variable not reported in detail here suggests that racial tension
increases as the proportion of white students approaches one-half, and
that racial tension decreases if effective leadership is provided by
the school principal, parental interest in education is high and if the
proportion of black teachers closely matches the proportion of black
students.

The average number of years of tea.,:her experience (EXPT)28 is
included in the present equation because of the assumption that certain
kinds of knowledge and techniques helpful in controlling classrooms are
acquired through experience. It is expected that EXPT will be
negatively associated with DSIPLN.

The latitude allowed teachers in fitting classroom procedures to the
needs of students (TFREED)29 is assumed to be related to the

27
The variable RASCLM is the proportion of teachers in the school who

thought that racial tension was not excessive. The sample mean and
standard deviation of RASCLM are .92 and .10 'respectively.

28
The sample mean and standard deviation of EXPT are 13.47 and 4.78

respectively.

29
TFREED

reasonable
curriculum
TFREED are

. .

.

is the proportion of teachers who thought that they had a
amount of freedom in such matters as textbook selection,
andAiscipline. The .sample mean and standard deviation of
.76 and .18 respectively.



27

extent of classroom disciplinary problems. It is expected Chat TFREED
will be negatively related, cet. par., to DSIPLN.

Finally, it is assumed that
problems more easily in a small
fore, actual class s#e (CS) is
cet. par., to DSIPLN.

R
2

= .56

DSIPLN =

teachers can deal with disciplinary
class than in large classes. There-
expected to be positively related,

F = 236.60

-.39 PARINT + .30 TSRASD -
(119.5) (66.8)

.17 EXPT - .15 TFREED +
(25.7) (17.2)

.22 RASCLM
(37.7)

.11 CS
(10.2)

The endogenous variables in this equation are DSIPLN and PARINT.

The exogenous variables are TSRASD, RASCLM, EXPT, TFREED and CS.

IV. 2.6 'The Fifth Equation: Parental Interest in Education

Parental interest in education (PARINT) is assumed to be a
function of socio-economic status. Studies such as the one cited in
section III. 1 have given results consistent with this assumption.

The variables viewed as primary determinants of parental interest
in education are: 1) the proportion of sixth grade students whose real

father lives at home (RELFAT); 2) the average number of years
of education attained by the fathers of sixth grade students
(FTHED6 ); and 3) the-average number of children living in the
homes of sixth grade students (SIBS6 )30 Relatively high levels
of parental interest in education are to be expected in schools where
most children live with their real fathers, fathers tend to have
relatively many years of education, and where students have few brothers

and sisters.

These expectations are
the present equation.

30The sample
respectively.
11.45 and 1.52
SIBS6 are 3.79

consistent with the statistics obtained for

mean and standard deviation of RELFAT are .73 and .16
The sample mean and standard deviation of FTHED6 are

respectively. The sample mean and standard deviation of
and .73 respectively.
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R
2

= .67

PARINT = .34 RELFAT + .36 FTRED6 -
(70.7) (99.4)

The endogenous variable in this equation is
5I1356 are exogenous.

V. SUMMARY AND CONCLUSIONS

F = 243.4

.29 SIBS8
(50.5)

PARINT. RELFAT, FTHED6 and

The preceding sections of this paper have used the'theoretical bases
provided by the theory of student motivation and the associative theory
of learning to specify a five equation model of the educational process
in urban grammar schools. In this final section of the paper we will
present a detailed diagram that summarizes the flow of causation in the
empirical model and a set of multipliers, derived from the empirical
model, showing the relative importance of the educational policy
variables in terms of their effects upon student verbal achi"vement.

In the following diagram the variable names-are connected by arrows
showing the hypothesized directions of causation in the model. It should
be noted that the endogenous variables are those that have arrows
pointing to them; all other variables are exogenous. Those exogenous
variables that can be manipulated by school authorities are cross hatched.

The numbers at the sides of the arrows are the beta coefficients
from the equations in the model. Following Goldberger,31 "we may think
of using the effect on y (the regressand) of a typical or 'equally likely'
change in each variable as a measure of importance . . . Now, variation.
in the sample does provide an objective.measure of typical changes in the
form of the sample standard deviation. This is used in the so-called
'beta coefficients'." These coefficients show the number of standard
deviations a regressand will change as a result of a one standard
deviation change in a regressor.

The exogenous policy variables in the model may be divided into two
groups: 1) those that influence V 6 by their effect on the number and
arrangement of words presented to the student and 2) those that influ-
ence V 6 indirectly through their effect upon student.motivation.
Variables from the first group in order of relative importance are
TVERBL (beta = .20), PRERD6 (beta = -14) and TEDMAJ (beta = .09).
These results suggest that student verbal ability in the sixth grade can
be increased by a greater emphasis on pre-school enrichment programs and

31A. S. Goldberger, Econometric Theory, New York John Wiley and Sons,

1964, p. 197.
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by giving preference in hiring to teachers with high verbal ability and
to teachers who have taken relatively many college courses in
elementary. education.

The remaining policy variables influence student verbal ability
indirectly through student motivation. We will use the chain rule to
compute a set of multipliers showing the effect that each policy variable
has on student achievement. Decreasing teacher-student racial
differences, TSRASD, can be expected to increase student motivation
directly and .indirectly through its effect upon classroom disciplinary
problems, DSIPLN. The multiplier for the variable TSRASD is therefore
computed as follows:

m (TSRASD) = (-.25) (.34) + (.30) (.33) (-.14) (.34) = -.09

Decreasing actual class size, CS, increases the teacher's oppor-
tunity for personal interaction directly and also by facilitating control
of classroom disciplinary problems, DSIPLN. The multiplier for the
variable CS is:

m (CS) = (.40) (-.14) (.34) + (.11) (.33) (-.14) (.34) = -.02

Increasing the quality of instructional equipment, GDEQIP, can
increase student motivation indirectly by decreasing effective class
size, LRGCLS, and giving the teacher a greater opportunity for personal
interaction with her students. The multiplier for the variable GDEQIP
is:

m (GDEQIP) = ( -.20) ( -.14) ( .34) = :.01

Increasing teacher freedom in matters of course selection and
disciplinary procedures, TFREED, and giving preference in hiring to
relatively experienced teachers, EXPT, can be expected to increase
student motivation indirectly by decreasing the extent of classroom
disciplinary problems. The multipliers for these variables are:

m (EXPT) = ( -.18) ( .33) ( -.14) (- .34) =

.and

m (TFREED) =. ( -.15) (..33) ( -.14) ( .34) = .002

. Finally, where the political climate permits, school authorities
wishing to increase the verbal scores of disadvantaged students might
consider bussing them to schools in which disciplinary problems are low
because of great parental interest in education, PARINT. Alternatively,
highly motivated children might be bussed to problem schools in order to
decrease the extent of classroom problems, thereby giving the teacher a
greater opportunity for personal interaction with her students. It
should, perhaps, be stressed that parental interest in education is de-
termined by socio-economic rather than strictly racial factors.
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APPENDIX A

This appendix contains a mathematical treatment of the geometric
analysis in sections 111.2 and 111.3. In these sections it was shown
that student motivation would'change as a result of opportunity set
changes. In the following analysis we will.deal with the case in which
the change in the opportuni6T set.arises from a change'in the rate at--
which the student can transform classroom time-into peer acceptance.

The student's opportunity set is determined by the following'
equations:

1) L -

2) T = aM
.

3) P = dL

where L is leisure, M is student motivation, and:.T:ie,teacherYacCeptande,
P is peer acceptance and z and 4 -are constanta. The opportUnity set

boundary in P,. T 'space"Was Written da

4) T = a,- ( /d)P.

This..can be'rewritten

5) 1 = (1ja)T 17 (1/d)P

If: a and d, are increased in.thesaMe proportion c.,'.4eHOudent.!.s

cipportunity setwill.Shiftin a parallel manner. TetakeHaccOunt..of :the:

possibility of paraIlel:shifts :we Can rewrite'equationaa,:faloWs:

The connectiOns between,the theory of student'motiliation. and the,
theory of consumer behavior will be clearer if we adopt'the conyention,
that (1/a) is the price.of teachei'accePtance and J1/(31. is the price
of peer acceptance: Let

6) r = (11a),

and

then we
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10) c = rT + sP

We assume that the student wishes to maximize U(T, P) subject to
equation 10. Using the method of Lagrange we form the equation

11) G = U(T, P) + k(c rT - sP)

Taking first partials and setting them equal to zero we have the first
order necessary conditions

12) G
T
= U

T
kr = 0

13) G = U-
P P

- ks = 0

and

14) G = c rT - sP = 0

We can find the effect upon the student's allocation of time
resulting from changes in c, r and s by total differentiation of
equations 12, 13 and 14. Allowing all variables to vary simultaneously
we have

15) U
TT

dT + U
TP

dP = Xdr

16) U
PT

dT + U dP sdk = kds
PP

17) -r dT s dP = -dc + Tdr + Pds

If we regard dr, ds and dc as outside of the student's control (i.e. as
constants), we can solve equations 15, 16 and 17 for dT, dP and dX,
those variables determined by the student. To solve for these variables
we first form the bordered Hessian determinant A whose elements are
their coefficients in equations 15, 16 and 17.

TT

18)

Replacing the firstCOlumn ofHA''withthe VeCtor, of. Constants on:the
right sideS of equationSJ5, 16 anc1:17 wehaVe another-determinant
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19) B =

Xdr

Xds

(- dc + Tdr + Pds)

U
TP

PP

-s

Solving for dT by Cramer's rule we have

20) dT = B/A

-r

-s

0

Let B.. be the cofactor of the element in the i'th row and the j'th

column of B. Expanding according to the first columns of B we have

21) dT = Xdr(B11/A) 4- Xds(B21/A) + (-dc + Tdr + Pds) (B31/A)

Letting dr = dc = 0 and dividing by ds we have the familiar
Slutzky equation

22) (TP,$) = X(B21/A) + P(B31/A)

If the student is forced to stay on he same indifference when
changes (by a compensating change in c ) we know that

23) dU = UT
dT + U dP = 0

The student will operate at a new tangency position after the change

in X so that we still have

24) Up/UT - s/r

Therefore'

25) rdT - sdP = 0

From equation 17 it follows that

-dc + Tdr + Pds =

and from equation 21 we have that the substitution effect of a'change in

s is

26) (T/6s)u=1 = x(B21/A).

We know that X is positive because it is equal to .17 / ) which is

positive. Expanding B
21

we have

27) A
21

sr

sr is also positive. Expanding A we have
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28) A = UTP sr - UTT
s
2

- U r
2

PP

which was assumed to be positive.* Therefore the substitution effect of
a change in s is positive.

Setting dr and ds equal to zero and dividifig by dc we have
from equation 21 that

29) WE/3c) = 7 (831/A)

The assumption that P and T are normal goods is intended to mean
that ?TrIc. and 7'13/Bc are pOsitive. Therefore the income effect

30) YTS = P 31/A) > 0 .

Relating changes in T to changes in student motivation, we know
that the total effect of a change in s can be broken down into a
substitution effect and an income effect. The substitution effect.upon
student motivation is

31) (M/Os) = (dM/dT) 'C)Ti5s)u

r. (B21/A)

u0

This means that student motivation can be expected to rise as a result
of a compensated rise in the price of peer acceptance (or an equivalent
fall in the rate d at which the student can transform classroom time

into peer acceptance). '

The income effect of a change in 's upon student motivation is

32) Y = (dM/dT)
MS YTS

P (B31 /A) > 0

This means that student motivation will tend to fall as a result of
a drop in apparent income brought abOlit bY a rise 'in .the price of peer

acceptance:

* That is, the requirements of the second order conditions for a
maximum were assumed in the text to be satisfied.
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Chapter II

THE DETERMINANTS OF STUDENT ACHIEVEMENT IN HIGH SCHOOLS:
A SIMULTANEOUS EQUATION APPROACH

I. INTRODUCTION

The purpose of this chapter is to identify the policy variables that

are effective in increasing student verbal achievement in urban secondary

schools. The analysis of the educational process in secondary schools
will follow the same pattern as that for the primary schools. As before

an associative theory of learning and a theory of student motivation will
be used to specify and estimate statistically an empirical model of
student verbal achievement in high schools. The empirical model will
then bp applied to evaluate the relative effectiveness of the educational

policy variables.

II. THE THEORY OF-STUDENT.MOTIVATION IN SECONDARY SCHOOLS

The theory of student motivation developed here is an extension of
the theory developed for grammar school students. As in the grammar
school case, we assume that the high school student divides his classroom
time between academic and non-academic pursuits with a view towards
maximizing the psychological rewards resulting from this allocation. As

before, the most important potential rewards associated with academic
pursuits are parental approval, teacher approval and an increment in
expected future status and wealth, and the primary rewards associated
with time spent on non-academic pursuits are peer acceptance and leisure

(school time devoted to relief from boring or difficult work). However,

since an attitude of independence from authority tends to be more highly
valued as adolescence proceeds and since the high school student is

closer to the job situation, we would expect the high school student to
value parental and teacher acceptance relatively less than the grammar
school student and to value future job income and status and peer

acceptance relatively more. The high school student's desire for teacher
approval might be expected to be further weakened by the fact that in
secondary schools a given student usually has many teachers and is there-

fore unlikely to develop as personal a student-teacher relationship as

the grammar school student. Compared to the grammar school student, we
would also expect the avetage high school student to be relatively more

influeneed by his past eXperiences in school. In particular, it appears
reasonable to suppose that the high school student estimates his present

set of possible rewards largely on the basis of his past successes and
failures in transforming his allocation of classroom time between
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academic and nonacademic pursuits into the psychological rewards

resulting from this allocation. The major structural differences
between the models describing the process of education in primary and
in secondary schools therefore arise from differences in the determinants

of student motivation.

In the following analysis, the student will be viewed as purchasing
a set E of educational benefits with M, the proportion of time he spends
on academic pursuits. The educational benefits E are in turn viewed
by the student as yielding a composite good Y, composed of such things

as future income and status and parental approval. The proportion of
class time spent on non-academic pursuits ( (1) L = 1 - M ) will be
viewed as devoted to the purchase of a composite good P consisting of

peer acceptance and leisure.

It will be ahsumed that the utility function maximized by the student

is a convex ordimAl preference function of Y and P, U(Y, P ). It will

also be assumed the!: the function describing how academic time is
transformed first into E and then into Y and how non-academic time is
transformed into P are all linear with zero intercepts. Thus we have

the equations (2) E=hM, (3) Y=iE, and (4) P=dL, where h, i and d

are all positive constants.

.Given equations one through four it can be shown that the Student
can transform P into Y as described by the equation:

(5) Y = ih - (ih/d) P

We can find the student's desired Y and P, and therefore his desired

M by maximizing U (Y,.P) subject to (5). Using the method of Lagrange

we form the function

(6) W = U(Y, P) + x[Y-ih + (ih/d)P]

Maximizing with respect to Y and
the equilibrium condition

(7) = (ih/d) = -(U/PPUPY)

P. and eliminating X we ol;tain

Equations (5) and (7) are the first order necessary conditions for

maximum utility. They may be solved for the equilibrium value of P, P'.

With the aid.of equation (4) P' implies an equilibrium value of L, L'.

As in the grammar school case, L' is to be interpreted as the
proportion of classroom time.the student wishes to devote to non-academic

pursuits.

II. 1. Graphical Analysis

The meanings of the first order conditions will be, explamned,wmth

the aid of the.six,panel diagram in figure V. The solid Straight lines
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in panel 1, 2, 3, 5 and 6 are representations of equations 1, 2, 3, 4
and 5 respectively. The 45° line in panel 4 serves the purpose of
relating quantities measured on the horizontal axis of panel 3 to
quantities measured on the vertical axis of panel 6.

The line td is derived from the other five panels as follows: If
the student devote all of his classroom time:to academic pursuits he
would be at point b in panel 1. This corresponds to a level h of
'expected achievement (see panel 2) and a zero level of peer acceptance.
A level h of expected achievement corresponds to a level ih of incre-
mental expected future income (see point 9 in panel 3, and point r in
panel 4). Thus point b in panel 1 corresponds to point t whose
Coordinates are (0, ih) in panel 6. Point g in panel 1 corresponds to
a zero level of expected achievement, a zero level of incremental
expected future income and a level d of peer acceptance. Thus point g

in panel 1 corresponds to point d in panel 6. Connecting points t

and d in panel 6 we have the collection of points in (Y, P) space that
correspond to the line gb in (L, M) space. . The line td is described by
equation 5.

The line Uo in panel 6 represents one of the student's indifference
curves. Its tangency with line td at point e is the point at which the
student Would achieve maximum utility given his range of opportunities.
The corresponding point in panel 1 would be e' with the student willing
to devote M' of his classroom time to academic work.

III. MOTIVATIONAL CONSEQUENCES OF DIFFERENCES IN TRANSFORMATION FUNCTIONS

The preceding theoretical model describes how the level of motivation
is determined by the student's tastes and opportunities. The analysis of
how differences in utility functions and how differences in the rate at
which the student can transform classroom time into peer acceptance
affect high school student motivation follows the same lines as in the
grammar school case, and will therefore not be discussed here. In the
present section we will deal with the motivational consequences of
differences in the functions that transform classroom time into
achievement, and achievement into incremental future income.

Motivational Consequences of Differencesin
:Function-:

the Achievement

The second equation, E = hM, describes the way in which the student'
incremental expected achievement depends upon his academic work. We
would expect the student's estimate of his Present abilities and
potential achievements to be based in large measure on his past test
scores and course grades. If the student's past achievement test scores
are low (high) we would expect him to have a correspondingly low (high)
estimate of the rate, h, at which he can transform classroom time into
achievement. Such an approach to estimating h would be rational since
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the rate at which a student can learn nslw concepts must depend upon the
pattern of associations and level of knewledg he has built up in the
past. Thus by manipulating the achievement leVel of an entering high
school freshmen we would expect to affect his estimation of his
abilities and consequently, as will be shown, his motivation level while
he is in high school.

The lines on and om in panel 2 of figureVI represent two hypotheti-
cal achievement transformation functions for a student. The line on
is indicative of a relatively low self-assessment of ability as compared
to line om. The opportunity set boundaries corresponding to on and om
(assuming all other functions are fixed) are dt and dt' respectively
(s-e panel 6). The substitution effect of a change in the achievement
function is from v to w in panel 6. Following the dotted lines from
points v and w in panel 6 to points 1 and 2 in panel 5 and from there
to points v' and w' in panel 2 we see that the substitution effect of
the change in the achievement function is from M' to M". That is the
substitution effect of a change in the rate, h, at which the student is

able to transform classroom time into incremental achievement is
positive. If h increases (decreases), M increases (decreases).

If Y and P are normal goods, (in the economic sense) the income
effect of a change in h will be from v to a point on the line between
x and z (see panel 6). In terms of student motivation the income effect
will be from M" to a level bounded from below by Min. Assuming that
the substitution effect dominates the income effect, the total
motivational effect of a change in h is positive. Thus if achievement
levels of entering high school students can be increased we expect high

school student motivation to increase.

III. 2. Motivational Consequences of Differences in the Income Function

The third equation, Y = iE, describes the way in which the student's
incremental expected wealth, Y, depends upon the gain in achievement,
E. The rate i at which the etudent can transform E into Y depends upon
the social and economic environment of the student. For example, because
of racial prejudice, Blacks expect to earn lees than Whites of equal

training and ability. Similarly because of family wealth differentials
law status students have a smaller Chance of attending college and
therefore see a more tenuous connection between achievement and future
income than do high status students. In addition, even at similar levels
of schooling, children of high status parents obtain higher income and

status jobs than do children of low status parents. Thus we would
expect black and low status students to have relatively low values of i
and white and high status students to have relatively high values of i.

The lines oq and or in quadrant 3 of figure VII represent two
hypothetical income transformation functions for a high school student.
If the student faces or he sees a stronger effect of E on Y than he would

if he faced oq. The opportunity set boundaries corresponding to oq and
or are dt and dt' respectively in panel 6.
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Following the analysis in section III. 1, we have that the substi-

tution effect (M" - M' in panel 1) of a change in i is positive; i.e.,

if i increases (decreases), M will increase (decrease). The income

effect will be from M" to a level bounded from below by M". Assuming
that the substitution effect dominates, the motivational effect of 'a

change in i is positive. This means that if the student is convinced
that there is a stronger (weaker) effect of achievement on future income

his motivation level will increase (decrease).

IV. THE EMPIRICAL MODEL OF STUDENT ACHIEVEMENT IN HIGH SCHOOLS

In this section we will use the theory of student motivation
developed above and an associative theory.of learning to aid in the

specification of an empirical model of high school student achievement.

The data used in the empirical model are discussed and a preliminary

summary of causation in the model is presented before the detailed

exposition of the model.

IV. 1. The Data

The data set used in the following statistical analysis is a

stratified random sample of 95 urban high schools taken from the cross-

sectional data collected in 1965 for use in'the Coleman report. The

complete set of high schools in the Coleman data was not used because

1) we wished to consider only those high schools for which we had

information on both the ninth and twelfth grade students, and 2)

because we wished to make our sample more representative of black schools

and of urban schools than the original sample. The latter was done to

overcome some of the criticism made of the Coleman Report. The former

was done because we wished to control for the.ninth grade verbal test

scores in order to overcome the "value added problem" in estimating a

twelfth grade educational production function.

As in the grammar school sample, school averages of responses to

questionnaire items are used instead of individual student or teacher

responses. Again, these averages were taken principally to facilitate

data handling and to allow for the possibility of using V9 (the verbal

achievement test score of ninth grade classes) to control for prior

achievement.

IV. 2. Preliminary Summary of Causation in the Empirical Model

The endogenous variables in the model are student verbal ability in

the twelfth grade, high school student motivation, the extent of student

disciplinary problems, and parental interest in education. The exogenous

policy variables are average teacher verbal ability, average class size

and the difference in the proportions of Black teachers and Black

students. The remaining exogenous variables in the model are student

background variables and a proxy for the prior verbal ability of twelfth

grade students.
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The general flow of causation in the model may be summarized as
follows: In the first equation averazte student verbal*ability in the
twelfth grade is determined by student motivation and by several other
school and background variables. In the second equation student
motivation is determined by the extent of student disciplinary problems
and by prior student achievementlevels. In the third equation the
extent of student disciplinary-problems is determined by parental
interest in education, class size and two race variables. In the fourth
equation parental interest in education is determined by a set of socio-
economic variables.

IV. 3. Estimation of the Empirical Model

The four equations comprising the empirical model will be discussed
and ordinary least squares estimates of them will be presented in the
following pages.

IV. 3.1 An Educational Production Function for Twelfth Grade Students

The dependent variable in
V12,1 on a verbal test given
variables in the equation are
on the number and arrangement
sample.

this equation is the average school score,
to high school seniors. The explanatory
assumed to affect V12 by their influence
of words presented to the students in the

The importance of the teacher as the primary source of new words in
the classroom leads us to expect teacher verbal ability, TVERBL,2 to
be positively associated with V12 as it was with V6. The socio-economic
status of the student is a determinant of the range of his non-classroom
exposure to objects and concepts. Therefore we expect an index of socio-
economic status, ASSET3 to be positively associated with V12.

1
The mean and standard deviation of V12 are 56.5 and 10.9 respectively.

2
TVERBI, is the average school score on a verbal test given to teachers.

Its sample mean and standard deviations are 23.4 and 2.9 respectively.

3
ASSET is a weighted average of consumer durables in the homes of

twelfth grade students. Its mean and standard deviation are 6.8 and
.9 respectively.
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We expect the more highly motivated students to score higher on verbal
achievement tests since they are exposed to a greater number of
association-building learning experiences. The index of student
motivation used in the grammar school sample was the variable STUTRY; a
weighted school average of teacher responses to a question concerning
their student's intensity of work. In the high schools, however, the
teacher is a less reliable judge of the proportion of classroom time
students spend in academic work because 1) each teacher observes a
relatively small proportion of the classroom time spent by her students
and 2) an attitude of independence of authority becomes more highly valued
as adolescence proceeds and actions that facilitate the student's
acquisition of learning may have to be masked so that he does not lose
peer respect. We have tried to take account of these difficulties by
constructing a two component index number, MOTIV, to act as a proxy for
student motivation. The first component of MOTIV is based upon teacher's
observations of student motivation, STUTRY, while the second is based
upon a theoretically important determinant of student motivation, the
student's assessment of the importance of education as a determinant of
future income, EDLINC.4

Finally, we include the ninth grade verbal test score, V9, in an
attempt to overcome the value added problem. .In this study V9 is
intended to represent the prior verbal-ability of twelfth 'grade students,
even though V9 and V12 are not the test scores of the same students. This
use of V9 is to some extent justified by the data which indicates that
the educational experience and the socio-economic and racial character-
istics of ninth and twelfth grade students within a school tend to be
very similar.

The equation that follows was estimated by ordinary least squares
techniques. The numbers preceding the.variable names are beta
coefficients (the regression coefficients of the standardized variables)
and the numbers in parentheses are F statistics (the squares of the t

ratios).

4The proxy MOTIV was computed according-to the equation MO'IV = I + J,
where I and J are the normalized values of STUTRY and EDLINC. STUTRY,
as in the grammar school analysis, is a weighted school average of
responses given by teachers to the question, "How hard do you students
try?" Its values could range from 1 (not very hard) to 4 (very hard).
The variable EDLINC is the proportion of twelfth grade students who
disagreed with the statement, "Even with a good education, 'I'll have a
hard time getting the right kind of job."
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R
2

=

V12 = .59 V9 4- .21 ASSET + .16 TVERBL + .10 MOTIV

(96.8) (20.6) (6.7)

IV. 3.2 The Second 'Equation:. Student Motivation

The theory of student motivation suggests that under certain
conditions we should detect a significant inf)1.uence on motivation from
variables affecting the rates at which the student thinks he can
transform classroom time into P and Y.--/In section III. 1. of the
present. chapter we suggested that the rate h at which the student can
transform classroom time into incremental achievement depends upon his
past level of achievement. This implies that, ceteris pasibus, an
increase in past achievement should lead to an increase in the rate at
which the student can transform classroom time into incremental income5
and a consequent (see figure 4) increase in motivation. V9 is therefore
expected to be positively associated with the proxy for student
motivation, MOTIV.

Classroom disciplinary problems are indicative of peer pressures
towards non-academic Uses of class time. Disciplinary problems can
also reduce the academic classroom time available to students by
increasing the proportion of time that the teacher has to devote to
disciplinary countermeasures. We would therefore expect the extent of
classroom disciplinary problems, DSIPLN,6 to be negatively related to
the level of stude.lt motivation.

The statistics associated with the student motivation equation are
as follows:

R2 = .57 F = 60.4

MOTIV = .65 V9
(72.0)

- .20 DSIPLN
(6.5)

IV. 3.3 The Third Equation: Disciplinary Problems

The theory of student motivation suggests that the rates at which the
student can convert classroom time into peer approval and into future
income or parental approval simultaneously determine the ley9i of student
motivation and the extent of student disciplinary problems. the

5It also implies that future researchers in this area may expect to
have some success with polynomial curve fitting techniques in production
function estimation.

6DSIPLN is the proportion of teachers who though that too much time had
to be spent on discipline. The mean and standard deviation of DSIPLN in

the high school sample are .27 and .20 respectively.
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student expects a relatively mnall payoff for achievement in terms of
future income he can be expected to devote relatively more time to class-
room disruptions with a view toward acquiring peer approval and rela-
tively less time to serious academic work. Thus we expect Black to
devote relatively more time than Whites to classroom disruptions because
Blacks generally earn less than Whites of equal education and ability
because, in view of financial constraints, they are less likely to use
academic achievement to gain admission to college, and because for blacks
non-academic use of time is the primary means of gaining peer, approval.
For these reasons we expect the proportion of white students in the
twelfth grade, RACE12,7 to be negatively related to DSIPLN.

Parental interest in education provides parental reinforcement of
academic effort. We therefore expect parental interest in education,
PARINT,8 to be negatively related to DSIPLN.

The variables TSRASD,9 the difference in the proportions of white
teachers and students, and ZS, 10 class size, are included in this
equation because they affect the rata at which the student can expect
to transform classroom disruptions into peer approval. TSRASD is
intended to indicate teacher-student background similarities and
therefore the sensitivity of the teacher to the way in which disr,:ptions
are transformed into peer acceptance. It is assumed that this kind of
sensitivity is helpful in suggesting appropriate countermeasures.
Therefore TSRASD is expected to be negatively related to DSIPLN.

Finally, it is assumed that teachers can deal with disciplinary
problems more easily in a small class than in a large class. Therefore
CS is expected to be positively related to DSIPLN.

The statistics associated with the third equation are as follows.

R
2

= .42 F = 16.2

DSIPLN = -.31 RACE12 - .29 PARINT + .21 TSRASD + .18C5
(8.4) (7.5) (6.0) (4.7)

7The mean and standard deviation of RACE12 are .56 and .43 respectively.

8The mean and standard.deviation of PARINT are .31 and .24 respectively.
PARINT is the proportion of teachers in the school who thought that
parental interest in education was not lacking.

The mean and standard deviation of TSRASD are .09 and .18 respectively.

10The mean and sEandard deviation of CS are 29.00 and 7.76 respectively.



47

IV. 3.4. The Fourth Equation: Parental Interest in Education

Parental interest in education is primarily determined by social
class. Thus the variables included in this equation are 1) the average
number of years of education attained by the fathers of twelfth grade
students, FTED12; 11 and 2) the proportion of twelfth grade students
whose real father lives at home,RELFAT.12 It is expected that FTED12
and RELFAT will both be positively associated with PARINT.

V.

The statistics associated with the fourth equation are:

R2 = .52 F = 49.3

PARINT = .54 FTED12 + .36 RELFAT
(50.5) (22.2)

sunIARY AND CONCLUSIONS

There are only three school controlled policy variables that
influence student verbal ability in high schools, either directly or
indirectly through student.motivation. Student verbal ability in the
twelfth grade V12 can be increased directly, by giving preference in
hiring to teachers with higher verbal ability. The multiplier for

TVER13L=.16.

The remaining policy variables affect student achievement in

the twelfth grade through their impact on student motivation. De-

creasing teacher-student racial differences, TSRASEcan be expected
to increase student motivation through its effect upon classroom dis-
ciplinary problems, DSIPLN. The multiplier for TSRASD is:

m (TSRASO = (-.2)(.10)(.21) = -.004

Decreasing actual class size, CS, facilitates control of class-
room disciplinary problems, DSIFLN. The multiplier for CS is

m (CS) = (-.2)(.10)(.18) = -.0036

11The mean and standard deviation of FTED12 are 9.9 and 1.5 respectively.

12 The mean and standard deviation of RELFAT are .74 and .13 respectively.
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Chapter III

EDUCATIONAL INPUTS AND THEIR RELATIONSHIP TO FUTURE STUDENT EARNINGS

I. INTRODUCTION

In thc preceding chapters of this. paper we have investigated the
relationships between a sct of educational inputs and outputs. We have
shon that student achievement and motivation are determined in a recur-
sive process that starts with the student's home life and continues with
the home, peer, and school influences that impinge upon the student as he

goes through grammar school and high school. The interest of economists
in the process of education stems from studies that show a relationship
between completed years of education and earnings.1 In this chapter we
will show how these income-education studies relate to the model presented

in thc previous chapters. This connection will be established by (1) a
discussion of the immediate determinants of the levels of schooling and
earnings; and (2) a summary of the grammar school and high school submodels
showing thcir relationship with each other and with the expected levels of

schooling and futurc income.

II. THE DETERMINANTS OF SCHOOLING AND INCOME

In this section we will show that the expected level of schooling
depends upon variables that are determined in our high school model. After
this, several earnings studies will be examined in the light of our findings

in an effort to specify the causal links between the educational process

and future earnings.

. II. 1. Thc Direct Determinants of Schooling

The equation presented in this subsection treats as a dependent
variable the number of years of education the average student is expected

to complete, EDYRS.2 EDYRS can be expected to increase if there are fewer
high school dropouts and/or more students going on to college.

1See, for example, the important paper by Zvi Griliches, "Notes on the

Role of Education in Production Functions and Growth Accounting," in
Education, Income, and Human Capital, W. Lee Hansen ed., Published by the

NBER in 1970.

2The sample mean and standard deviation of EDYRS are 12.8 and .82 respec-
tively. EDYRS is actually a proxy for average completed years of education
since the Coleman data upon which this study is based do not contain follow-

ehrough information on its students. They do, however, contain estimates of
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The number of years of education the student is willing to complete
depends upon the relative values of the roaards he can expect to reap
by staying in school as opposed to leaving. The primary rewards asso-
ciated with school attendance are increased future earnings and status
and present parental approval. The primary rewards associated with
leaving school are increased present earnings and freedom from the
restriction of movement and submission to authority that are usually
required in schools.

These reward sets are similar to those confronting the student
when he decides what proportion of his time to devote to academic per-
suits. Thus the forces that determine student motivation can be expected
to determine EDYRSs We will use our measure of student motivation,
MOTIV3, as a proxy for these forces. We expect MOTIV to be positively
related to EDYRS.

The student's decision on whether or not to go to college depends
upon the willingness of colleges to accept him as well as his willing-
ness to go. College admission requirements (the use of the SAT and
similar tests) indicate that colleges are more willing to accept
students who score higher on achievement tests. This means that search
costs and fear of rejection will be lower for students of high ability.
Thus we expect the average school score on a twelfth grade verbal test,
V124 , to be positively related to =YRS.

2 (cont)
the dropout rates within high schools and of the proportion

of high school graduates who go on to college. The scaling for each of

the categories was as follows: 10 years for high school dropouts; 12
years for high school graduates who don't go on to college; and 14 years
for those who go to college. Let PD be the proportion of students who
drop out of high school, and let PC be the proportion of students who

go to college. EDYRS was computed according to the formula: EDYRS =

10 PD + (1 - PD) [12(1 - PC) + 14 PC].

3 See the previous chapter for a full discussion of the determinants

of MOTIV.

4The mean and standard deviation of V12 are 56.3 and 11.0 respec-
tively.
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The equation that follows was estimated by ordinary least
squares techniques. The numbers preceeding the variable names
are beta coefficients and the numbers in parentheses are F
statistics (the squares of the t ratios).

R2 = .45 F = 39.4

EDYRS = .48 V12 .23 MOTIV
(13.1) (4.1)

II. 2. The Determinants of Future Income

The Griliches study cited in section I of this chapter contains
the following regression equation:5

R2 = .336

log Y = 8.938 + .051S + .0042A
(.007). (.0009)

where Y is income at age 35, S is years of school completed, A is IQ at
age 10 and the numbers in parentheses are standard errors. The sample
over which the regression is run is taken from a group in Malmo, Sweden.

Both S and A seem to be significant predictors of log Y. In terms
of our model, S is similar6 to the variable EDYRS. The variable A is
presumably to be taken as a proxy for the ability of the subjects at
ages higher than 10. In terms of our model, however, ability at age
14 (V9, which we suppose is strongly influenced by earlier ability)
is an important determinant of motivation (MOTIV) as well as later
ability (V12). Thus the influence of A may be due to its role as a
proxy for motivation. This view is consistent with the point made by
Conlisk/ that the importance of mottvation may have been understressed
in studies relating income education. Unfortunately, the available

5S ee page 93 in Hansen, 22. cit.

6That is, S is the number of years of education completed by
individuals whereas EDYRS is the number of years of education we
expect the average student in a 41.0 school to CoMplete.

/See the interesting comment by John Conlisk in Hansen sla. cit.,

on pages 122-123.
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American data do not permit a good test of the hypothesis that moti-

vation exerts an independent influence on income. Another modifica-

tion of the relationship between ability and earnings has been sug-

gested by John nausea in a recent issue of the American Economic

Review. In that article, Rause argues that an interaction between

schooling and ability is important in the determlnation of earnings;

i.e., that the payoff to ability is greater for persons of higher

educational attainment.

We cite these studies in an effort to specify the causal links

between the educational process and future earnings. The arrows in Fig-

ure VIII indicate the hypothesize.2 directions of causation. Thus,

V12 and EDYRS are both viewed as determinants of INCOME while the
dashed arrow indicates the tentative nature of the hypothesis that
motivation directly affects INCOME.

III. SUMMARY OF THE COMPLETE MODEL
011.

Past chapters in this study have shown how achievement and moti-
vation are determined in grammar schools and high schools. The

previous section of this chapter showed how achievement and motivation

are related to years of education and future earnings. In the present

section we will present a diagram that summarizes the flaw of causa-
tion in the process of education from the grammar school years,

through high school and the student's decision about the number of

years he will attend school. Using this diagram we will trace the
effects of changes in a policy variables through the model.

The diagram labelled FigureIX'containOthe names of all the
variables used in this study. The arrows connecting these variable
names indicate hypothesized directions of causation. For the sake of

clarity we have bracketed the grammar school and high school sub-
models, labelling them I and II respectively. In the following pages

we will summarize the grammar school and high school models sep-
arately and then discuss the relative effectiveness of the policy

variables in them.

III. 1. Submodel I: The Grammar School

Submodel I is concerned with the determination of student verbal

ability in the sixth grade. In the grammar school, student verbal

ability (V6) is determined by student motivation (STUTRY) and several

other school and background variables. Student motivation is

8'John C. Hause, "Ability and'Schooling as Determinants of Life-

time Earnings, or If You're SO Smart WhY Aren't You Rich?", AER,

MaY 1971, p. 289.
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determined by effective class size (LRGCLS) and several other
school and background variables. The major components of effec-
tive class size are the quality of instructional equipment
(GDEQIP), actual class size (CS), and the extent of disciplinary
problems (DSIPLN). DSIPLN is, in turn, determined by parental
interest in education and several school variables.

Ignoring the possibility of bussing (i.e., using bussing to
increase the value of PARINT, thereby decreasing the value of
DSIPLN) there are eight policy variables in the grammar school
submodel. Those that directly influence V6 are the extent of pre-
school reading (PRERD6), the proportion of teachers who were educa-
tion majors in college (TEDNAJ) and the average verbal ability
of teachers (TVERBL). The teacher-student racial difference
(TSRASD) influences V6 through its direct and indirect (through
DSIPLN) effects upon student motivation. The quality of instruc-
tional equipment (GDEQIP) .and actual class size (CS) affect
student motivation through effective class size. Class size and
teacher freedom (TFREED) and experience (EXPT) affect motivation
and V6 indirectly through their influence on DSIPLN.

III. 2. Submodel II: The High School

Submodel II is concerned with the determination of years of
education (EDYRS), twelfth grade verbal achievement (V12), and high
school student motivation (MOTIV). Years of education is determined
by motivation and twelfth grade verbal ability. Twelfth grade verbal
ability is determined by high school student motivation, prior verbal
ability (V9), and several other variables. High school student moti-
vation is determined by prior verbal ability and a set of school
and background variables whose influence is summarized by the extent
of disciplinary problems (DSIPLN).

There are three policy variables in ehe high school submodel:
teacher-student racial difference (TSRASD), class size (CS), and
teacher verbal ability (TVERBL). The first two variables affect the
values of NoTri/ through their effect upon the variable DSIPLN. They
affect the volutes of V12 and EDYRS indirectly through their effect
upon NOTIV. The variable TVERBL affects V12 directly and EDYRS in-
directly.

III. 3. The Policy Variables

The relative effectiveness of a policy variable must be defined
in terms of a criterion variable or objective function. We will first
use EDYRS as a criterion variable and then discuss the relationship
between years of education and student future income.



53

III. 3. 1 Relationship Between Educational Inputs and Years of
Education

Relative effectiveness will be defined as the multiplier that
indicates the number of standard deviations expected years of education
will change as a result of one standard deviation change in a policy
variable. These multipliers can be computed very easily in the high
school case because we have equations that describe all the paths
between the high school policy variables and EDYRS.

The estimation of the multipliers for the grammar school
variables is complicated by ehe fact that because there were no
schools in our sample that had both a sixth rade and a ninth grade
we were unable to estimate an equation that describes the influence
of V6 upon V9. However, an approximation of this relationship can
be used to estimate the relative effectiveness of the grammar school
policy variables. Let us suppose that the achievement level at the
end of juaior high school (V9) is a function of the achievement level
at the beginning of junior high school (V6) and the level of motiva-
tion in junior high school (MOTIVJ). In addition let us suppose
that MOTIVJ depends upon V6. The equations describing these reltion-
ships can be written as follows:

V9 = a V6 + b MOTIVJ

and

MOTIVJ = c V6

where a, b, and c represent constants.9 By substitution we obtain:

V9 = (a +be) V6

The quantity (a + be) represents the sum of ehe direct and in-
direct effects of V6 upon V9. The impact of grammar school variable
X upon expected years of education will then be

?,mODYRS) = r.6' (a + bc) EDYRS
aX BV9

9We assume that the variables have been standardized and that
a, b, and c, therefore, have the dimensionality of beta coefficients.

56
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In the following pages we will present a set of tables in which
alternative assumptions about the magnitude of (a + bc) will be
used to provide estimates of the relative effectiveness of each

of the grammar school policy variables. The range of values
taken on by (a bc) was arrived at by examining the influence of
prior verlvo ability upon subsequent verbal ability in grammar
schools ant, Iligh schools. In the grammar school case, the simple
correlation between V3 and V6 is .71 iml,lying an upper limit for
(a -1-bc) of .7 and in the high school case the simple correlation
between V9 and V12 is .95. The range considered for (a + bc)
therefore is from .4 to .9.

III. 3. 2 Table I: Schooling Multipliers

Table 1 contains a set of multipliers that indicate the number
of standard deviations of EDYRS (expected years of education) will
change as a result of a one standard deviation change in a policy
variable. These multipliers are computed on the basis of the inter-
connections depicted in Figure Ix, taking account of both direct and
indirect effects of each of the policy variables. The first row of
the table contains the values assumed for (a '-bc). The first
column contains the variable names, together with a designation
indicating whether the respective variables are derived from the
high school or grammar school submodels.

The entries in the table indicate the effect, in standard devia-
tion units, of a one standard deviation changP in each instrument
variable. Both the policy variables and their effectiveness are
measured in standard deviation units, in order to facilitate com-
parison among variables. As indicated earlier, one may think of a
one-standard-deviation change in a given variable to be of roughly
the same probability as that of another variable. In general,
the multipliers are listed in order of size with the larger multi-
pliers coming first. Interestingly enough, the rank order of the
multipliers seem to be largely unaffected by the values assumed for
(a + b c ) .

The meaning of the table will be illustrated by a consideration
of ehe multipliers appearing in the second row and corresponding to
the variable TVERBL-G (the average verbal ability of grammar school

teachers). The multiplier of TVGRBL-G that corresponds to a ± bc= .4
is given by ehe entry .037 that appears in the second row, first
column. This number may be interpreted as meaning that if the aver-
age verbal ability of teachers in a grammar school is increased by
one standard deviation (i.e., by 2.2 points on the verbal test given
to teachers), the children in that grammar school can be expected
to add (.037) (.8146) = .029 years to their education, where .8146
is the standard deviation of EDYMS. If(a + bc) is taken to be .5 a
one standard deviation increase in TVERBL-G will lead to an expected
increase of .046 standard deviations of EDYRS, or .046 x .81 = .037
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years of education. Naturally, the multipliers of ehe grammar school

variables increase in value as the estimate of a 4-bc increases
while the multipliers of the high school variables remain constant.

This leads to a difference in ranking in only ono case, however.
The multiplier for IVERBLF-C corresponding to a + bc am .9 is .064.

This is higher than the multiplier of TVERS1041, .077.

We believe that an estimate of the mummer tbe direct and in-

direct effect of V6 upon V9 will yield values of about .6 for
(a 4.60, Me average Increment in years et education completed will WIRD r

At a years per student tor a 2.66 lamas* la score on a
high school teacher verbal aptitude test; .06 a .0 tor a 2.2
lacrosse La *cote on greemer *sheet teacher verbal aptitude test;
.1* it ter. a ere estagery taaraams attectlat.216 et the studeats,
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1) maximize the benefit cost ratio (this criterion Is approp..

riate only If the benefit-cost ratio is independent of the level

of use of particular policy variables).

2) equate the benefit-cost ratio in all potential uses;

with this approathe the multipliers presented nay be presumed to

represent the effectiveness of marginal weriatioas in the natgb,..

boyhood of the mean of the instrument variable.

Tables lIthrongh V contain a set of multipliers that Jodi..

rate the tocreaBe is lifetime earnings that cask be expected from

a matt locrease to a polies variable. TO faclittate coop/mimes

with costs, the policy woriablee to these tables axe. proweated

Ls satiorit waits rather Om to stamilarddervilatiaa sotto. *above
ommostod fame tables rather thorn see becomes the adaittemal

eareloge amaribotable was eutmo year at edweettealomirwilb the
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an increase of $383 in lifetime earnings per student. A one category
increase in the extent to which 10% of the students are read to
before school (PRERD6-scale: 0 never, 2 se sometimes, 3 often)
increases expected future earnings by $256. A decrease of one per-
cent in the difference between the percentages of btadk teachers and
of black students in grammar schools leads to increases of $15 in
student lifetime intone. In high schools, the corresponding number
is $10. An increase of one percent in tbe percentage et education
majors teaching ta grimmer schools leads to an average increase of

$21 to 2mture earnings. An average of owe fever student ger class
in high schools leads to me tiaras.* la Lifetime emotes* of lif$
per studeet. A torrespondimp done for the grourar au:hoots would
yield au leoroase of OSA. An Leeromme of ese peroottase foist to
the psreent of tootrere *doe *Ink their feetreettemal eistpeest
le adequate hoade to eft tesoteee of fl to avenge Wm* oarsiage
per smodeet. An lorresee of toe year to the worm oulber of peers
of meadow ouperiaome greemer edam* tea& to as loareere of WOO
.to meow tome earsteet

ue mows alma the teetemot Oa totrio ~slop to earto to
the fees se a omertost peed, ems over a toritiog pertekpf OM* 44
yaw% awl area dot me of etiemillii taws $ parmesan to ego
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ability on the grammar school level is $7066 mer teacher year.

The return to preschool reading programs is $1710. The return to

the teacher-student racial difference Is $180 for the high school

,and $283 for the grammar school. The return to teacher educa-

tion majors Is $386. The returns to class size in high schools

amid srammar schools are:4360 and 4170 respectively. Me return

to iastructioeal equipment Is $39 and the return to teacher

experience Is $66. finally, die return Ito teacher freedom Ls

$13.
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The third factor describes the school in terms or
the or oir school authorities to provide good per-
sonnet end facilities for its students. The variables in this factor
fell into too groupies measurse or school facilities and services, and
measures of owe ano hours of sork for school personnel.

Schools pith high scores on the third factor have good facil-
Mess a kindergarten (veriable 34. .583); good gymnasium facilities
[variable 35. .5911 and special teachers for MOSiC, Ort Ond speech
variable 36, .509 Thin, Oisio Mike on effort to attract good par-
simnel, as incticated by the toot that they tend to pay higher salaries
to principles (variable 37, .721) and teachers (variable 38, .883),
hove tomer hours of required classroom desk (variables 39, - .419);
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and 40, .413), and a relatively higher number of school days not
vorkad by teachers (variable 41, .469).3

It La striking that the third factor, whith
OsearibilLeaMatn:ltional approaches of school districts to improving
the :polity of sousstion, has so los a not effect. It explains less
then AC: ot variance of student achievement (variables I and 2) and
student ospisetiona (variable 3). In acoition there seems to be a
rolativaly amok association between measures of teacher quality such
as eiparlanca (variable 63, less than .25%), teacher attachment to
the teaching profession (variable 54, lees than .7%), teacher turn-
over (variable 65, lima than 2% of variance), and working conditions
iLis the school aletrict Only 16% of the variance in teacher verbal
ability la emplaned by this factor. The loadings in factor three
tend to suggest that the policies summarized by this factor are rola..
tivoly ineffective in improving the eaucational performance of schools.
Oho room for this may be that teather salary schedules typically
vary only batmen, and not within, school districts. Since mast
loathers aro mem and are usually the secondary wage earners in a
family, their huibenoe places of work must be taxon into account when
asking any locational decision. Therefore, the effect of shorter
hours and higher MOWN upon teathar quality might be greater if they
varied ulthin :Wheel districts.

iht.E2vall.4 sada
Tha fourth factor describes the school in terms

of the tuft of per pupil facilities. Schools with high scores
on this factor have a high number of rooms per student (variable 42,
.763), many remeolal reading teachers (variable 43, - .679)9 and
counselors (variable 44, . .752) por student, and small class sizes
(veriabis 45, .512).

None of the student achievement variables (variables
1 3) OW 11011 with these school inputs. The net correlation is
lees than one percent of variance. This implies that raising the per
student level of teacher services represented in this factor, at least

3The number of days ot teacher absence par year is probably a
proxy for the number or Sick-days granteo to teachers. Note that in
thio factor, the number of hours that students spend in class is posi-
tively related to the number or hours that teachers spend inclass.
This may be indicative of an awareness by school authorities that
trado-offe exist among teacher quality, class size, and the average
number of hours that students spend in, class. That is, es aVerage
yearly vegan ars raised end hours are lowered to attract better
teachers, fever teathers can be hired, given a budget-limit. 'In that-
case, unless the number of hours that students spend in clime can be

lowered, close size will rise.

80
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within the range represented in the data, is not an effective means of
raising student performance. This fineing could have important impli-
cations for the allocation of school budgets.

The Fifth Factor

Description. The fifth factor describes the school in terms of
the problems teachers face and the effect of these problems upon the
retention of the teaching staff.

Schools with low scores on this factor are troubled by racial
conflict (variable 509 .504)9 vandalism (variable 469 .425), and by
problems of theft (variable 48, .527), and violence against teachers
(variable 499 .499). The students in these schools are often imper-
tinent to their teachers (variable 47, .607)9 and a great deal of
classroom time is devoted to discipline (variable 51, .609). Adminis-
trators cannot provide effective leadership (variable 52, .432), anc
experienced teachers tend to leave these schools as soon as possible
(variables 549 .553; and 55, .657).

Discussion. Factor five seems to contain variables that teachers
take into consideration when choosing among schools within a school
district. This interpretation is suggested by the association in this
factor of greater teacher experience (and hence greater seniority) with
low-student-problem schools. Because school systems usually allow
teachers with the highest amount of seniority to have first pick of
schools when vacancies occur, we would expect schools with the most
desirable characteristics to be chosen by experienced teachers. This
effect may be reinforced by the greater ability of experienced teachers
to cope with student behavior problems.

While the third factor contains variables (wages and hours) that
tend to be used to attract talented teachers with high qualifications
to alternative school systems, the variables in the fifth factor take
on values that attract or repel teachers with high seniority within a
given school system, in which wage scales and hours worked tend to be
uniform. Neither the third nor the fifth factor's forces seem to
affect student acaoemic performance oirectly.

SUMMARY

The factor analysis performed on the fifty-five variables has
produced five factors which summerizP some cf :the iMpCortant,inter-
relationships in the process Of eduoation. :Taken tOgether these factors
account for more than eighty-four percent of ,thaVarience 'in the,average
school scorea.on:a.reading test given tOeighth_grade students, more
than eighty-seven percent of the varianOe in a coMpeable mathematiCs
test,' and almost sixtY-6ight percent of-the variance:in a measure Of
student aepirations;'
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The first factor, which accounts for more than thirty-nine
percent of the sum of the variances of the fifty-five (normalized)
variables, classifies each school according to the socioeconomic status
of its students' families. This factor alone accounts for more than
thirty-four percent of the variance in the average sixth grade reading
scores and for almost fifty-five percent of the variance in student
aspirations.

The second factor accounts for thirteen percent of total var-
iance. It classifies each school according to the racial composition
of its student and faculty. It is interesting that this factor
accounts for almost fifty-four percent of tha variance in average mathe-
matics scores but only four percent of the variance in student aspira-
tions.

The third factor accounts for over ten percent of total var-
iance. It characterizes each school according to the willingness and
ability of school officials to provide good facilities and teachers
for students. As mentioned above, the variables used to attract
teachers in this factor are mainly those that operate between school
systems.

The fourth factor accounts for over six percent of total
variance. It characterizes each school by the extent of per-pupil
facilities in the school.

The fifth factor also accounts for approximately aix percent of
total variance. It characterizes each school 'by extent of disciplinary
problems and school atmosphere for teachers. The variables included
in this factor tend to be associated with intra-sChool sYstem,preference
of teachers.

Factor Rows

The preceding sections of this Chapter characterized the
separate factors bY the' veriablesof which they are composed. This
section will further clarify' some.of the meaningful dasociations among,
some of these.important variables.by an 'examination'of-the'factor rows'.

Variable 1. .Sixth Zrade ReadineTtist. 'The average scores an
the Sixth grade reading test'hOve :Y1.0.rhighest 4cadings in:factors one
and two (35% and 44% Of'veriance, respectively). -This:indicates that
sixth grade reading scOresare asSoCiSited.Orimarily'with-socioecono4c
status (factor'one) and race (factortwe),altheUgh:theverbel'ability
of teachers.(which..has'a.leading Of ..651 in:factor.tWo): aepearstb
compensate,semewhat fOrHthe.laCk ofverbalinteraCtiOninstudents4'
hoth".. The.rta0ing.teOt variable has virtually no association with the
third andfo,urtft,faCtOrs (SChoeladaptability ;and, per-pUpiljeCiliPet
respecti,ve,14) but'is uTleklY..'PsePOiated:.(6%,Verian6e)HOithOP'rifth

:

factor (intrasysteM teaching-preferences:en0:SOhObl..broblems): This
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may mean that experienced teachers can influence reading scores to
some extent or merely that students who score wall on reading tests
will tend to be the more serious students who behave well.

Variable 3. Aspirations of Sixth Grade Students. As pointed
out in the summary of factors, the measure of student aspirations has
its highest loading in the first (socioeconomic) factor. Thus, most
of the variance (54%) in this variable seems to be due to the home
environment of the student, and more specifically, to the socioeconomic
status of his parents. The association between socioeconomic status
and aspiration may be related to the narrow range of experience and
the lack of successful role models so characteristic of low status
students.

Variables 19 and 20. Variables that measure Student motivation.
The variables in this group are the average teacher's estimates of how
hard her students try, and whether or not there is a high rate of
absenteeism among students in her school. These variables have mod-
erate loadings in the first (variable 19, .638; variable 20, .475),
second (.396; .472), and fifth (.794; .625) factors.

Their inclusion in the first (socioeconomic) and second (race)
factors reflect tendencies due primarily to home influences. Students
from low status homes which lack the parental interest in education,
and black students, particularly males, who tend to lack a successful
father to emulate, are unmotivated. The loadings of the motivation
variables in the fifth factor (school problems) indicate that, as might
be expected, the more highly motivated students tend to cause fewer
problems in school.

Variables 21 and 22. Student Ability. The variables under
this heading are the average school scores on a verbal test (variable
21), and a nonverbal test (variable 22) given to third grade students.
These variables ars included Ls the study because they presumably
reflect less of the school influence and more of the innate ability and
home influence than the sixth grade achievement scores. Both third
grads tests wars included in the first (23% and 24% of variance,
respectively), and second (17% and 40% cf variance) factors. The
verbal test has a higher, though small, loading (.306) in the fifth
(school problems) factor than the non-verbal test (.198).

The difference in the amount of variance explained by factor
five (verbal test, 9%; non-verbal, 0) could be an early indication of
the effects of student motivation. Non-verbal tests are constructed in
such a way that they tend to weight native ability higher than school-
related phenomena. Therefore, the higher loading for the verbal test
in the school problems (fifth) factor may be due to an early associa-
tion between achievement in school and status-and-race determined
motivational patterns.
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III. HYPOTHESES

The factor-analytical interpretations given in the previous
section are complex and any descriptive model that tried to take all
of them into account could have to be very ambitious. However, cer-
tain broad outlines in the process of education do seem evident and
in this section a tentative causal structure is suggested. This
structure is consistent with, but not uniquely given by, the preceding
factor analysis.

Several causal relationships are suggested by the first
(socioeconomic factor. The arrows in the following diagram show the
postulated directions of causation:

Socioeconomic
Status of
Parents

,gef

FIGURE 1

1

IStudent Aspiration'

1Student motivationa.-

Th'fPro_school Reading

The relationship between parental status and student aspiration
and achievement evident in this factor may be caused by several
related conditions: (1) High status parents tend to motivate the
student directly by stressing the importance of academic achievement;
(2) high status parents provide parental models which delineate a
wider apparent range of opportunities open to students, thereby
enhancing student aspirations; and (3) high statue Parents tend to
provide a home environment that better prepares the student for school
by such things as pre-school reading to the student. Student aspira-
tions and motivation interact in a mutual positive feedback relation-
ship which togother with pre-school preparation determines student
achievement.

Student' :

AchieVement

seCOnmfactOri:,tha interre1ationehi00between stUdent
achieveMent and other achoola*backgreund veriablesstem from4.adial
oifferentes among schoolphe:postOlatedbaUSal relatitnahipa,under
:lying the asaotiationaemeng'the variablea,i6 the second facter are::
shown in the following'oiagraMv
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School
Segregation

FIGURE 2

4
[Student
motivation

Student
Achievement

Teacher
Verbal
Ability

Teacher
Race

Teacher
Education

School segregation (evident in variable 28) has both a direct
and an indirect effect upon average student achievement. The direct

'influence stems from the effect of the structure of the black family
(variables 30 and 31) upon student motivation (variables 19 and 20).
The indirect influences stem from peer group interactions, which
result in an indirect impact of the racial composition of the class-
room upon individual student achievements, and from the consequences4
of a racial matching of teachers and students (variables 23 and 24).
Black teachers are better able to motivate black students than white
teachers, and even though5they tend to have lower verbal scores than
their white counterparts, this results in higher student achievement.

The relationships in the third factor can be shown dia-
gramatically as follows:

Wages

FIGURE 3

Hours

Teachers

Verbal

Ability

The loadinge in this faCtor euggeat:thatHhigher ealariee and
a lower, number ofAn-class hours:OanbeUsedHto attract'teaChers:With
high verbal ability. Howevet,: the'ceteris:oaribus natureof the

4
The racial.matching,te pert:Voluntary (Vatieble 26).

,5
Thel.Oweryerbelicotea'of blackYteacher.e-eretompeneated:

part by a largernumber_Of sameaters Of educatiOn.

5
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within-factor relations implies that it is entirely possible that if
school A is a high-problem school and school B is a low-problem
school, school B may attract better teachers even if it offers lower
wages.

Factor four contains only variables which measure per pupil
facilities and seems to reflect the effects of scale in the school's
operation. These appear to be essentially unrelated to student per-
formance.

The fifth factor contains variables that relate to the attract-
iveness of the school to teachers. The moderate loadings in this
factor of the variables that measure student motivation suggest the
following structure:

Student motivation

FIGURE 4

Lack of SphoOl
PrObleMe 1-77-77

Teacher Experience

Experienced teachers with seniority prefer to work in schools
with fewer discipline problems. By the same token, however, the more
experienced teachers are also more adept at handling discipline prob-
lems and at enhancing (directly and indirectly) student motivation.

The causal structures suggested by an examination of the ortho-
gonal factors can now be combined in a single structure to describe
the interrelationships occurring in the complete factor analysis.

(See Figure 5.)
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From the point of view of policy, the interesting groups in Figure 5
are those that can be changed by school authorities. The groups are:
(1) teachers' wages and hours of required work; (2) teachers' qualifi-
cations and assignment practices; (3) racial segregation in the school;
and (4) the average socioeconomic status of students' parents. The
following example, which makes use of diagram 5$ will suggest how these
variables might be used.

Suppose that a desirable policy is one which will increase the
score of the average black student on an achievement test. One con-
ceivable policy measure would be to decrease the extent of recial
segregation. The effect of this would be to decrease the proportion
of black students in the school, which would indirectly increese
average student motivation, thereby decreasing student-aseocieted
problems in the school. By this means, the average level of qualifi-
cations of teachers willing to work in the school would be increased
and achievement scores would increasee

A more direct policy measure would be to increase wages and/or
lower hours of teachers in proportion to the percentage of black
students in the school. This would increase the average level of
teacher qualifications in the school which would in turn increase
average student achievement scores.

Political pressures upon school boards frequently preclude
manipulation of the proportion of black students in a school. How-
ever, if the variance in the socioeconomic status of black students
in a school system is great enough, an alternative to increasing wages
or lowering hours would be to alter the status mix in predominantly
black schools. The effect of this would be to indirectly increase
average student motivation. Thus, student associated problems can be
expected to decrease and more highly qualified teachers will be willing
to work in the school. This, es before, will tend to increase student
scores on achievement tests.

CONCLUSION

This study identifies by means of factor ,analysis the under-
lying regularities in a set of fifty-five Variables.relevant to the
education proceSs. The .regUlarities are ueed:to suggest hypotheses
frOm which.a set of tentative PolicY measures can bErdepived.

The factOr analytic inter.ketation of the ,educational process
in the,present study is ,strikingly consistent 'with the2.Majorfindings,
of the Coleman Report eVen though' ftee from soMe,of-its.methodolOgical
deficiencies:
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(1) ramily background explains much of the variance in
student achievement;

(2) School facilities account for a small proportion of
the variance in student achievement;

(3) Teacher characteristics, particularly verbal ability,
account for a greater proportion of the variance in
student achievement than any other school factor.

A fourth important finding of the Coleman Report (that the
social composition of the individual student's classmates explained
a large proportion of the variance in individual student achievement)
could not be directly corroborated by the present study, but is
entirely consistent with it.


