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PART I INTRODUCTORY SECTION
’ SUMMARY

This study identifles Lhe policy variables that are effective
in incrcasing 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. The empirical model is used to quantify the
rates of return associated w1th each policy variable ‘

INTRODUCTION

The purpose of this study is to identify an economically and
educationally efficient pattern of resource allocation in urban
education. To this end, the study identifies the policy variables
that are effective in increasing student. verbal achievement in
urban grammar schools and high schools and estimates the 1mpact of
these variables upon verbal" achievement, upon expected years of
education coupleted by a typical student and: upon expected li£et1me‘
earnings of a typical student. Previous ‘studies. of resource alloca=
tion in education have had some difficulty din distlnguishing effects
which are specific to particular,'school controlled, policy variables
because of the large amount of 1ntercorrelation among these variables
‘and between these variables and variables describing the students
socio-economic status and non-school environment.- :

‘METHODS

The present paper develops a theoretical model of student
motivation that:is used as a- guide in the specification of an
,emp1r1cal econOmetric model of student achlevement.; This. empirical
model describes the educational process 1n grammar school'{and 1n fﬁ

to estinate, by means of - cconometric_techniques,“ 8ime .
_equation ecofiometric model. ' The. ters. of the‘estimated’“
' model are used to: derive. estimates of" th npac

g:the.empl"xca] model IS provndcd
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for a- grammar school and forVa hlgh school_model

,summarlzed as follows.;-

2

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 ths -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 compr1s1ng the
rewards (teacher acceptance, expected future earnlngo, etc.) which
can be purchased with classroom time devoted to academic work. Simi~

.larly, the proportlon of time spent’ on non-academlc pursu1ts 1s

viewed as devoted to the purchase of another compos1te good’ con=
sisting of the rewards (peer acceptance,‘lelsure) that tend to be
acquired by expendlture of classroom time on: non—academlc ‘endeavors.
It is shown how various: school and socio-economic: facto*s affect
the students' evaluation of- the two: compos1te goods .which’ can be -

'purchased with academic. and" non-academic. usage of’ classroom time- .‘-g

(i.e.y the1r ut111ty functlons) .and how these: varlables 1n£1uence;
the ab111ty of students to transfcrm c1assroom time 1nto peer grOup
and into teacher: acceptance (i.e., thelr opportunlty sets) The -

,rcsult is a theory wh1ch descrlbes the way in which: student study

habits are affected. by various: school and home characterlstlcs., That

~theory is then used to: speclfy how tnese varlables should ‘enter.a: S
jdescr1ptive empirical model that predlcts the 1eve1 of " student ach1eve~‘,"

ent. :

The Economctrlc Modelsf*h

‘ The modcl thus arr1ved at la estlmated econometrically, u51ng ‘
's1mu1taneous equatlon technlques.;‘Separate ‘equations: are cstlmated g

Thc general flow o
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size and several other varlables 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 d1sc1p11nary 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 characteristies. The flow of causation in the model
therefore runs from various school and background wvariables through
the cxtent of disciplinary problems and the opportunity for personal
contact between teacher and student, which interact to determ1ne
student motivation and therefore student ach1evement.

“The endogenous variables in the model are student verbal ab111ty in the
sixth and twelfth gradesy  student mot1vatlon, a proxy for the number of
positively reinforcing contacts that can be made by the teacher :
student disciplinary problems, and, parental interest. in educatlon.

The exogenous policy variables in the model are average teacher
verbal ability, the proportlon of teachers ‘'who were education maJors
in college, the average number of years of teacher experlence, the
difference in the proportions. of black students and black’ teachers,

~average class size, the quality of clasaroom 1nstructlonal equlpment,

the extent to which students had. ‘been: read to before ‘kindergarten and
the extent to which: teachers are free to adopt classroOm proccdures -
adapted to the ‘needs of the students.[ The ‘remaining exogenous var-

‘1ables in the model are student background variables, a proxy for the_
~ prior verbal ‘ability of sixth grade and n1nth grade students, and the;

extent of raclal harmony in the school

The Data

The data set upon wh_ch the stat1st1cal analyses are based 1s a-

'statlstlcal random sample of - 369 grammar schools ‘and- 95'h1gh schools'

taken: from the cross sectlonal data’ collected 1n use in. thef*-

T,Colcman RepOrt.l The complete Coleman ‘data:. set was not used because
ve W1shed ‘to:take: account of’ some ., of: 1 -
3Report. The- plesent sample 1s made,smaller than»the or1g1nal'samp1eﬂﬁ
so that it could’ be more. hlghly representatlve of%Blacks and,c1t1es.[

o In addltlon, ‘the Coleman flgures were subJected ‘to 'extensive: edltlng;f
“to, e]1m1nate record1ng errors' L

the cr1t1c1sms of the: Coleman‘

and toensure’ 1nternal‘cons1stency.

teacher-student relatlonshlps are more 1mpersonal



PART II SUMMARY OF RESULTS, CONCLUSIONS AND RECOMMENDATIONS
RESULTS

~ The policy variables which the econometric estimates 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 listed under headings (1) and (2) is sub-
stantial; 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 statistically slgnlflcant. 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.

Ve find that: -

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

2. Pre-school enrichment programs are the second most 1mpor-
tant determinants of student achlevement w1th effects 1ast1ng
at least to the sleh gracc.; ‘

3. Rac1a1 matchlng of teachers and students is likely to
increase student motlvatlon, partlcularly for black students.

4. Grammar school teachers who were educatlon maJors tend
to be more effeclee than other teachers of. 51m11ar verbal
ab111ty in produclng student achlevement. o

The follow1ng var1ab1es are substantlally 1ess 1mportant determlnants
of student achlevement than those descrlbed above.v"‘ : ‘

5. Class 31ze and the quallty of 1nstruct10na1 equlpment
: affect ‘the number of posltlvely re1nforc1ng student .con=.
'tacts that can: be made by teachers.l They are. therefore
1nd1rect determlnaan of student motlvatlon"
6 Teacher exPerlence and t
ito f1t 1nstruct10na1 technlque

e
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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 calculatcd assuming that: the rate of
discount of future earnings is 5%2 , 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 abllity3
on the high school level is $7503 per teacher year, and the return
to teacher verbal ability on the grammar school level is $7066
per teacher year.. The return to preschool reading programs is
$1710. The return to the teacher-student racial dif ference is
$180 for the high school and $283 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 insatructional 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 recommcndatlons whlch follows is stated ‘1thout
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 analys1 : For a better perSpectlve on the
appllcab111ty and' limitations o£ the recommcndatlons the reader is
urged to examine Chapters I-III of Part III (F1nd1ngs .and': Analys15)
It should, however, be mentloncd even . here that the: recommenoatlonsv~f
prcocntcd below are the result of a study ‘based.on data applylng ‘to,
a variety of schools at.a: s1ng1e p01nt of: time rather than ‘on’. panel :
(time serlcs) data relatlng to a'set.of . schools over t1me. Our . _
rcconmcndat1ons therefore do not: apply to .the' tran51tlon problems't'
which might be encountered in ‘their " 1mp11mcntatlon,_the1r valldlty’ 1
is for -a post= tran51tlon per1od and describes the’ average res sults .
which mlght be expected from the changes recommended ovcr a decade'
or so. : : : ‘ : :

, (l) School authorities T
L and hlring practlces‘so as to promote the h'r1ng of teachers

, SN 7%, and BAVthc returns glven in’ the nextjﬁfi;f
O . paragraph Inc ‘ espectlvely.; co
‘ vvarlables‘ar ;measured

Part III of
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. of the vtudents leads: . to’ sllght 1mprovencnts An- studenL notlva-

sfreedon is however. v1rtually costless, school authorlties

(2) On the other hand, emphasis on teacher cxperience and
on scmesters of education of tecachers appecars unwarranted
in terms of student educational achievement. Iducational
results do not justify the current emphasis being placed on
these factors in salary structures and hiring practices.

(3) The persistent affect on student achicvement of the
xtent to which students were read to before kindergarten.
even whea one controls for socio-economic backgiound and
other home cnvironment 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 veroally active env1ronment.

(4) In assigning teachers to schools, a policy of ﬂlnlmlulng
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 wh1te tcachexs oL coual vcrbal abillty
for blac& s tudents.

(5) For grammar schools, teachers who were education majors
in college should be preferred, since they tend to produce
students of higher verbal ablllty than do teacners who have
othcr colleoe maJors. ‘ ‘ :

6) pendltures for rcductlons in class: size, nd 1mprovementso
in Lhe quallty of. instructional: equlpment generate ‘rather: small o
returns in terms of studenL perlormance,»even though they do’ :
affect student motlvatlon. ~ S : :

‘(7) Reuuced class’slzes and teachcr e\perlence are more

1noorLant An grammar schools than 1n hlwh schools. gﬁ,

(8) leacher frcedom to {1t cla room procedures to the needs

tion and- achlevement., ‘'Since an.increase in" relatlvc tcachcr RS

rnight orofltably ehpcrlment with' currlculum dcs1gnsﬂthat allow ﬁgﬁ

‘flrthe tcacher more . latltude.;vu”'”




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 THE S1JDY.

Chapter 1

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 betweea 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, thereby greatly reducing the imprecision 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. 1In a survey of learning theory, for. example,
Arthur Jensen says that, "learning verbal labels for objects is
greatly facilitated if the labels QCcur_With‘the~§bjects1repeated1y
in different verbal contéxts,"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. SO R

II. THE THEORY OF STUDENT MOTIVATION -

The theory oijtudéntquti&ation,develdped here is essentially -
an outgrouth of the theory of conéumerfChoice;V,Théilattét;théory_de--
scribes how the cohsumérfs;dbilaf‘budgétfisféllo¢aﬁéd_amqngmyérious V N
goods;~;The”preSentfthéon'déScribésihdwfthéféﬁudént%ghooéésgﬁbiéllqdate -
his,clqsspoomutime}between;acédemicﬁand[non¢a¢;démi¢apursnits;;glﬁ;the,
thedryjofdenéumerfChoiéég"théfédnsuméfjiS'éééumedﬁﬁqugféhaSe;thé satis- "

faction embodied in the consumption of a bundle of goods and services with the

. lmsocial Class and-vérEai”téafﬁiﬁgﬁ3inT36ciaiaciééé;ﬂRééé;_éhd7“f
ERIC PsychologiCél“Developmént;_DeutSCh,qKatz;andeensen{editqrs;jNewaQrkﬁ-
R\, Holt, Rinehart“and?Winstqngplnc,gthQS;i T R A R
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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 disposal.Z2

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. 1In others, parental approval may be essentially independent of
student academic achievement.

In the analysis that follows, the proportion of classroom 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 wviewed 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 1inear,3 with (2) T = a M and
(3) P=dL 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-(ald) 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.)‘+)\[T-a+(a/d)P]

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

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




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

(6) ~(a/d ) = -( 3U/aP )/( dU/AT)

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

I1. 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 representatlons 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 classrocom 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 1l 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
( T', P' ) is equivalent to choosing the proportion of classroom time
M' to be devoted to academic work.

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

dT/dP = ~( 2UHP YI(JUAT )-

“The 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. ‘ ' :

This measure is made simple for expositional convenlence. A more

complete measure would take into account the 1nten51ty .of work per unit
of time that the 1nd1v1dual is w1111ng 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 M'.

ITII. 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 (M, 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 famlly 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 anddevelopment.6

For 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. 1In referrlng to the influence of social: class the Ausubels
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: character1st1c 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 unsuperv1sed 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,vthe
1ower—c1ass family: ylelds to the peer’ group much of: its role as-
soc1a1121ng agent ‘and source of values and derlved status.u,‘. ThlS
pattern of precoclous 1ndependence from the famlly comblned w1th the

(Cont )
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Thus we would expect to find relatively many high status students
4t 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
thatarise from socially induced differences in utility functions. We
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
dlfferences 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 d1scuss:on.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
3econd equation. According to our discussion above, a decrease in class
size or disciplinary problems or an 1ncrease in the quality of
instructional equipment can be expected to change the dlagram of equation

(Cont ) exaggerated socializing influence of the peer group, although
characteristic of both white and Negro lower-class children, does not
necessarily prevail among all lower-class m1norJty groups in the United
States. Both Puerto Rlcan and Mexican children enjoy a more closely kn1t
family life marked by mor@ 1nt1mate contact between parents ‘and ch11drem.

7This can be thought'of as a schOol yeat.

:16 '
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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 1nd1fference curve U,. This corresponds to
a level M' of student motivation (see quadrant 'l in Figure II). 1In
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 opportunlty set
boundary. By a substitution effect, we .mean 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 Uy 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
uc111ty 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 decreased wh11e 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 1nvolves an increase

in motivation from M' 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 opportunlty set. An
assumption of nmormality 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 Flgure II)

If the f1nal equ111br1um p01nt were between x and y, a pollcy 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 pollcy 11ke class size reductlon would, perversely, 1ead to a decrease

in student mot1vat10n.

If the subst1tut10n effect domlnates, the assoc1at10n between teacher
contact and student motlvatlon est1mated emp1r1ca11y w111 be positive.

7
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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.

ITI. 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. 1In
fact, for many students, the creation of classroom disruptions is a
chief means of acquiring peer acceptance.g 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 proéess. 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 1mp1ementat10n of appropri-
ate countermeasures. Thus, we would expect such things as teacher
experience, 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. 1In speaking of the relationship between
student and teacher, Ausubel and Ausubel” say, '"The lower-~class child of
school age.. . . is coerced by the norms of his peer group against
accepting her authority, see&xng her approval or enteriﬁg'intc a satel-
lizing relationship with her." Thus we would expect social class to
affect the slope of the third equation.

8To loosely test this prop081t10n,'twenty students from dlrferent
classes in . two grammar schools were asked two- questlons. 1) Who is the
most popular person in your class? 2) Is he (she) 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., p. 117.
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The second panel in Figure III shows a change in the slope of
equatlon 3. According to our discussion above, a decrease in teacher-
student racial differences, an increase in teacher experience, or an

" increase in teachcer 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 substltutlon 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 p01nt 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. : ' T ‘ :

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". 1If the
final equ111b11um 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'''. 1If the substitution effect dominates
the income effect, we should not1ce a positive but small association be-
tween variables 11ke teacher experlence and student. mot1vatlon.

Iv. THE EMPIRICAL MODEL OF STUDENT ACHIEVEMENT,

The structure of the empiricalbmodel to be developed in these pages

is anchored in the theory of student motivation formulated above and in

an associative theory of 1earn1ng.‘

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 follow1ng stat1st1ca1 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.R.eport.10

10'I’he Report on Equality of Educatlon Opportunlty publlshed in 1966 by
the Offlce of Educatlon.
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FIGURE

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 criticismd!l 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 or:glnal and present samples is
that the former consists primarily of individual student, teacher and
principal responses to a set of questionnaire items whlle our data set
consists largely of school averages of these responscs. 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 Sunmary 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 1ntercst 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 wh1ch teachers are free to
adopt classroom procedures adapted to the needs of the students. The

remaining exogenous variables in the’ model are student background -
_variables, a proxy for the prior verbal ‘ability of sixth grade. students,

and the extent of raclal harmony in the school

The general flow of causatlon in the model can’ be summarlzed as
follows: In the f1rst equation average student verbal ability ‘'in the
sixth grade is determlned by student motivation and by:several other
school and background varlables. - In: the second equatlon ‘student
motlvatlon is determlned by parental 1nterest by effectlve class size
(the 1 proportlon -of teachers who ‘think: thelr classes ‘are too large for |
effective. teach1ng) and by several other school and background varlables. ‘

T LI PT I

IISee, for example,:the excellent analys1s by Bowles and Lev1n 1n the
JHR, III, 1967. : . Sl :
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In the third equation, gffect1vq_c1a§§_81ze is determlned by the extent
of student dlsc1p11nary-bfbblems,—by actual class size, and by the
quality of instructional equipment. In the fourth equation, the extent
of studont 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 fldw.of.causatibn therefore ﬁuné from various sghool 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 productlon functlon used in this study treats as a
dependent variable the average school score v 6) 12 6n 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 numher 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." ' 4

Since the main source of new words in the classroom is the teacher,
we would expect on rather stralghtforward grounds that cet. par., the
average verbal ability of teachers ( TVER BL ) 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 deviation 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 deviatiom 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 proYortion 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 ( ST UTR Y )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 ( R ACE 6 )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 ( PR E R D 6) 17 can be ‘expected to alter
the: 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 of P R E R Db rises.

4The sampie mean and standard deviation of TEDMAJ are .66 and .18
respectively. :

15STU’I‘RY is a weighted school éverage of responses'givgn‘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.

16The sample mean and standard deviation of RACE'6 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. 2 ‘ ‘ ' ‘ '
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Finally, we include the third grade verbal test score ( V 3 )18 in an
attempt to overcome 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 th1rd 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 numbéers preceding the variable names are beta coefficients
(the regression coefficients of the standardized variables) and the numbers
in parentheses are T statlstlcs (the squares of the t ratlos)

R2 = .83 ' ‘ F = 299.27°
V6 = .35 STUTRY + .32 RACE®6 + .20 TVERBL + .17V3
(93.3) (76.4 (54.2) ' (32.7)
+ .14 PRERD® + .08 TEDMAJ
' (33.3) - (15.6)

The endogenous var1ab1es in this equation: are V 6 and STUTRY. The
exogenous variables are RACE®, TVERBL, V3, PRER D6 and
TEDMAJ. :

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. TIts sample mean and standard dev1at10n are 15, 76 and 1.85
respectlvely. : :

19The simple correlatlons between the background characterlstlcs of
third and sixth grade students are on the order of 09.“
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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 ( PA R INT )20 can
be expected to influence motivation in two ways. TFirst, the returns to
academic work in terms of parental approval are greater if PARINT is
greater. Second, PARINT is to scme 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 ( F A TO C P )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 teacher-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

20PARINT 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 hlgh status (doctors, etc.).. The sample mean and standard
deviation of FATOCP are .79 and .29 resPectlvely.

26
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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 ( T S R A 8D )

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 (LR G CL S ) 23 1is used as a proxy for
the number of reinforcing contacts. It is expected that L R G C L S will
be negatively associated, cet. par., with student motivation, provided
the substitution effects dominate the income effects. We would also
expect the relevant coefficient to be small.

F1na11y, the number of schools attended by the average sixth grade
student ( N O S C L6 )2 24 js included in the present list of determinants
of student motivation because of research suggesting that personality
changes may occur as a resglt 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." 1In terms of the
model of student motivation this means that the rates at which the
student thinks he can transform classroom timec 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 O S C L6 is, therefore, expected to be negatlvely -associated,
cet. par., with student motivation. -

22The sample mean and standard deviation of TSRASD are 19.30 and 24 77

respectively.

2'?LRGCLS‘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
reSpectlvely. *

, 2sGlen H. Elder, Jr., "Soc1allzat10n of Adolescents" in Borgatta and
Lembert (eds.) Handbook of Personality Theory and Research Rand McNally
and Company, Ch1cago,_1968, pP- 243.v - .
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The statistics associated with the student motivation equation are
as follows: .

R = .68 | | F = 156.39
STUTRY = .47 PARINT - .25 TSRASD - .14 LRGCLS
s (131.8) (60.5) (15.1)
+ .16 FATOCP - .12 NOSCL6
(18.3) _ (12.6)

In this equation the éndogenous variables are STUTRY, PARINT and
LRGCLS. The exogenous variables are TSRASD, FATOCP and NOSCL6.

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 (LR G CL S ) is used as a proxy for the number
of reinforcing personal teacher-student contacts. The number of teacher-
student contacts depends upon actual class size { C S ), the extent of
classroom disciplinary problems (DSIPLN) and the quality of
instructional equipment ( GDE Q I P )2 . 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. .o . ‘

The statistics associated with the teacher-student-contact'equétion
are as follows: '

R2 = .45 . . F = 99.5
LRGCLS = .33 DSIPLN + .40 CS - ..20 GDEQIP
(57.0) (98.5) (20.8)
26

CS 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 respectively. 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. = L f R
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The endogenous variables in this equation are LRGCLS and DSIPLN. The
exogenous variables are CS and GDEQIP. T

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 DSTIPLN. 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 s1gns associated with these variables will he the
opposite of those in the student motivation equatlon. '

The variable RASCLMZ7 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 varlable 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 pr0port10n of black
students.

The average number of years of teawher experience ( E X P T,)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 ( T FRE ED )29 is assumed to be related to the

27The 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 RASCIM are .92 and 10 respectlvely.

28The sample mean and standard dev1at10n of EXPT are 13 47 and 4. 78

respectlvely.

29TFREED is the proportlon of teachers who thought that they had a
reasonable amount of freedom in such matters as textbook selection,
curriculum and, discipline. The. sample mean and standard dev1at10n of
 TFREED are .76 and .18 resPectlvely. ' o
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extent of classroom disciplinary problems. It is expected that TFREED
will be negatively re1ated; cet. par., to DSIPLN.

Finally, it is assumed that teachers can deal with disciplinary
problems more easily in a small class than in large classes. There-
fore, actual class size (CS) is expected to be positively related,
cet. par., to DSIPLN.

R = .56 " F = 236.60
DSIPLN = =.39 PARINT -+ .30_TSRASD - .22 RASCLM
(119.5)  ° (66.8) (37.7)

- .17 EXPT - .15 TFREED + .11 CS

25.7) . Q7.2) (10.2)

The endogenous variables in this equatlon are DSIPLN and PARINT.
The ex xogenous variables are TSRASD, RASCLM, EXPT, TFREED and Cs.

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

Parental interest in educatlnn ( PARINT ) is assumed to be a
function of socioc-economic status. Studies such as the one cited in
section III. 1 have given results cons1stent W1th this assumption.

The var1ab1es viewed as prlmary determlnants of parental 1nterest
in education are.‘l) the proportion of sixth grade students whose real
father lives at home (R EL F AT ); - 2) the average number of years
of education attained by the fathers of sixth grade students -
(FTHE D6 ); and 3) the” average number of children living in the
homes of sixth grade students ( S I B s6 )30 Relatlvely 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

re1at1ve1y many years of educatlon, and where students have few brothers
and’ sisters. '

These expectatlons are cons1stent W1th the statlstlcs obtalned for
the present equatlon. : :

30The sample mean: and standard dev1at10n of RELFAT ‘are .73 and .16
respectively. . The sample mean and standard dev1at10n of FTHED5 are .
11.45 and 1. 52 respectlvely. The sample mean and standard dev1at10n of

. SIBS6 are 3.79 and .73 respectlvely. ETR :

’5;;;i,¥ffj:'
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R = .67 F = 243.4

PARINT = .34 RELFAT + .36 FTHED6 - .29 SIBS6
' (70.75 - (99.4) (50.5)

The endogenous variable in this equation is PARINT. RELFAT, FTHED® and
- SIBS6 are exogenous. :

V. SUMMARY AND CONCLUSIONS

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 achievement.

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 coeff1c1ents
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 typ1ca1 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 W111 change..as a result of a one standard
deviation change in a regressor.

The exogenous pollcy variables in the model may be d1v1ded 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 1nf1u-
ence V 6 indirectly through their effect upon student. motivation.
Var1ab1es from the first group in order of relative importance are
TVERBL (beta = .20), PRERD® (beta = .14)  and TEDMAJ (beta = ..09).
These results suggest that student- verbal ab111ty in the sixth: grade can
be increased by a greater emphasis on pre-school enr1chment programs and

‘ 31A. S. Goldberger, Econometrlc Theory, New York John Wlley and Sons;
-‘1964, P 197. L T : L

*:31 o
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by giving preference in hiring to teachers with high verbal ability and
to teachers who have tzken relatlvely 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 wvariable
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 d1sc1p11nary problems, DSIPLN. The multiplier for the
variable CS is: . : . :

m (CS) = (.40) (=.18) (.34) + (L11) (.33) (=.14) (.34) = —.02

Increasing the quality of instructional eduipment 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: : ' . : : S

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

Increas1ng teacher freedom in matters of course selection and
d1sc1p11narv procedures, TFREED, and giving preference in hlrlng ‘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:

(EXl’T)‘ = (-.18) ( .33) ( -.14) '(‘{:.34)» = '.‘0_03'1
‘and t o _ |
(TFREED)"=-‘( —;15)J( :33) ( ~.14) .34) = .002.

Flnally, where the polltlcal cllmate permlts, school author1t1es
‘wishing to 1ncrease the verbdl scores of- disadvantaged studcnts mlght .
consider bussing. them to schools 1n whlch d1sc1p11nary problems are low
because of great parental interest’ in educatlon, PARINT Alternatlvelv,
highly motivated children might be bussed to' problem schools 1n order to
decrease the extent of classroom problems, thereby glvlng the teacher a
greater opportunlty for personal 1nteract10n ‘'with her students._ It: o
‘should, perhaps, be: stressed that! parental interest: in ‘education’ is - de- o
‘termlned by soclo-economlc rather than strlctly rac1a1 factors.v ' :

L

B
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APPENDIX A

This appendlx contains a mathcmatlcal treatment of the geometric
analysis in sections III.2 and III.3. In these sections it was shown
that student motivation would change as a result of opportunlty set
changes. In the following analysrs we will- deal with the case in wh1ch
the change in the opportunity set arisés from achange’ in - ‘the rate at’
which the student can’ transform classroom time into peer acceptance. :

The student s opportun1ty set 1s determlned by the follow1ng

equatlons ‘

1) L=1-M

2) T=aM | S
. Pv= N | C e e , - S

where L is 1e1sure, M is student motlvatlon, and T is. teacher acceptance,
P is peer acceptance and -a and d are constants., The opportun1ty set
boundary in P, T “space was wrltten as '

4) T=a- (a/d)P_

This .can be rewrltten ;j"i'ﬁ

5y (1/a)T + (l/d)P .

If a and d are 1ncreased 1n the same proportlon ?c; the student s
opportunity set will sh1ft in a parallel manner. ' To: take account of the
poss1b111ty of parallel sh1fts ‘we can rewrlte equatlon 5 as folIOWS. :

6) 1 = (l/ac)T + (1/dc)P
or S - 13.7ﬂ”“f ﬁh;hf_
7) ‘ (1/a)T + (l/d)P

The connectlons between the theory of student motlvatlon and the‘

. theory of consumer behaV1or will be: clearer if we’ adopt the conivention = -

that (1/a) ‘is the prlce of teacher acceptance and }(I/d)'
-of peer acceptance. Let ‘ G

6) ' (1/a)

'15 thelprlce

:and‘

:.'s)‘ s = (1/d)
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10) c =1rT + 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) . GT = UT - Kr = (0

13) GP =vUP - As =0

and

14) GK = c - rT -sP =20

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

15) UTT dT + UTP dp - rdx = xdr
'16) UPT dT + UPP dp -~ de-v=’kds |
17) —r dT - s dP e.;dc + Tdr + Pds

If we regard dr, ds and dc as outside of the student s control (1 e. as
constants), we can solve equations 15, 16 and 17 for dT, dP and dA,
those variables determined by the. student 'To solve for these var1ab1es
we first form the bordered Hessian determlnant A whose elements are
their coeff1c1ents,1n equatlons 15 16 and: 17 »

Upp o Upp 7T
18 A = Upp U S
;r‘.lll‘v,L+s,tj'dd:f0

‘Replac1ng the flrst column of A w1th the vector of constants on the
rlght s1des of equatlons 15 16 and 17 we have another determ:nant
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Adr UTP -1
19) B = Ads : o UPP -S
(- de + Tdr + Pds) -s 0

Solving for dT by Cramer's rule we have
20) dT = B/A

Let Bij 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 = Kdr(BlllA) + de(321/A) + (-dc + Tdr + Pds)(B31/A)

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

22) (aT/as) = A(BZI/A) + P(BBI/A)‘

If the student is forced to stay on the same 1nd1fference when s
changes (by a compensating change in ¢ ) we know that

23) du = UTdT + UPdP =‘0

The student will operate at a new tangency position after the change
in A so that we still have

24) Up/Up - s/r | |
Therefofe' ,’ ' B ] S s
25) rdT - sdP = 0

From equation 17 it follows that
-dec + Tdr + Pds = 0

and from equation 21 we have that the Substltutlon effect of a change in -
s 1is :

26) (BT/OS)U#U = A(321/A),
We know that A is p051t1ve because 1t 1s equal to ( U /s) wh1ch 1s'::
positive. Expandlng 321 we have
.:27) ] A21= p—

"sr 1is alsohpositiVe.' Expahdingi;A' we have

35
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_ _ 2 _ .2
28) A= UTP sT UTT s UPP T

which was assumed to be positive.* Therefore the substitution effect of
a change in s 1is positive.

Setting dr and ds equal to zero and dividing by dc we have
from equation 21 that : o L oo . R

29) (aT/Bc)’=’f (B31/A)"'

The assumption_that P ‘and T are normal goods is intended to mean
that 2T/dc’ and ?P/3c are positive: Therefore the income effect

30) YTS = P(B31/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/3s)

C@AT) - RTRS)y

T A(By /M) >0

This means that student motlvatlon 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 whlch the student can transform classroom time
into peer acceptance) ] ) ’

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

32) YMS

(dM/dT) YTS '

=‘r-P-(B /A)>0'
This means that student motivation w111 tend to fall as a result of

a drop in apparent income brought about by a rise in the pr1ce of peer,
acceptance. ‘ .

‘% That is, the requ1rements of. the second order’ cond1t10ns for a
vmax1mum were assumed in the text to be satlsfled.

Cote

e 36
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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 be 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 app;oval 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 - R
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"manybteéthersféhd‘iSpthere—

fore unlikely to develop as1persona1la'Studept—teacherirelafi@hship:as
the grammar school student. Compared to the grammar school student, we |

would also expect thevaveragé[high;schbbl”étudentﬁtp’béﬁrel&tivély;more_ 
influenced by his past experiences in school. In particular, it appears
reasonable to suppose'that‘thé;highjécb¢ql33tudéncjeSCimatéSthsfpiesent .
set of possible rewards largely on the basis of his past successes and

" fajlures 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 ana1ys1s, the student will be viewed as purchas1ng

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 approva]. The proportion of

- class time spent on non-academic pursults « L=131-M) will be
viewed as devoted to the purchase of a .composite: good P consisting of
peer acceptance and leisure.

It will be asxsumed that the ut111ty function maximized by the student
is a convex ordinal preference function of Y and P, Uy, P). It w111‘
also be assumed thaf& the function descr1b1ng how academlc time is
transformed first into E and then into- Y and how non-academlc 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 equatlons one through four it can be shown that the student
can transform P into Y as descrlbed by the equatlon.

(5) Y = ih - (ih/d)‘P‘

We can. find the student s desired Y and P, and therefore h1s des1red

M by maximizing U (Y, .P) subJect to (5). Us1ng the method of Lagrange
we form the functlon .

S (6) W = U(Y P) + A[¥-ih + (1h/d)P]

" Maximizing with respect to Y and P4and,e1iminating A we obtain
the equ111br1um cond1tlon o ; o P o ‘

(7) (1h/d) = —(aU/aP/3U1~Y)

‘ Equatlons (5) and (7) are the f1rst order necessary condltlons for
:‘max1mum utility. They may be solved for the equ111br1um value of P, P'.
~ With the aid:.of equation ! (4) P" 1mp11es an. equilibrium va1ue of L L'

As in the grammar school. case, L' is to be interpreted as' the SR P
'proportlon of: c1assroom time the student w1shes to devote to non-academlc}f?
fpursults.;" = ‘;‘: u.vgj‘ ‘ ' : L

‘II. 1. Graph1ca1 Analysls

‘ . The meanlngs of the flrst order cond1tlons w111 be exp1a1ned w1th ‘
o the ald of the s1x panel d1agram 1n flgure V. The SOlld stralght 11nes:ﬁ
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"in panel 1, 2, 3, 5 and 6 are representations of equations 1, 2, 3, 4

CERIC

[ FuiTox: provided oy enic [N

.Would expect the.: student s estlmate of h1s present
potent1a1 achlevements to be based 1n 1arge measure

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. B e ’

The line Wo 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 ut111ty given h1s :range of opportunities.
The corresponding point in panel 1 would be e' with the student willing
to devote M' of h1s c1assroom t1me to academlc work.

ITT. MOTIVATIONAL CONSEQUENCES OF DIFFERENCES IN TRANSTORMATION FUNCTIONS

The preced1ng theoret1ca1 model descr1bes how the level of motlvatlon
is determined by . the student s tastes and opportun1t1es. The - analysls of.
how differences in utility functions: and how d1fferences in the: rate at
which the student can transform classroom tlme into. peer acceptance
affect high school student motivation follows the same lines as in. the
grammar school case, and w111 therefore not be dlscussed here.* In: the
present. sectlon we will': deal with the, mot1vat10na1 consequences of '
d1fferences in. the functlons that transform classroom t1me 1nto
ach1evement and ach1evement lnto 1ncrementa1 future 1ncome. '

III. 1 Mot1vat10na1 Consequences of D1fferences in' the Achlevement Qi
‘ Functlon':' e L i BN Cabd ESOETNRE SN S

I

‘ The second equatlon, E;—‘ ] ,
.1ncrementa1 expected ach1evement depends upon h1s academlc work.s~ie,gf

'b111t1es and

P
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the rate at which a student can learn nzw concepts must depend upon the
pattern of associations and level of knowledgé 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 w1ll be shown, his motivation level while
he is in h1gh 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 correspond1ng 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 M"'. 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 student 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. lecs: than Whites of: equal
training and ability. S1m11arly because of family wealth dlfferentlals,
low status students have a smaller chance of attending college and
therefore see a more tenuous connectlon between ach1evement and future
income than do high status: ‘students.’ In: add1t1on, even ‘at similar levels
of school1ng, chlldren of high status parents obtain h1gher 1ncome and
status jobs than do children of low status parents.: ‘Thus we would
expect black and low status students to have relat1vely low values of
and white and hlgh status students to have relat1ve1y hlgh values of i.

The 11nes oq and or .1n quadrant 3 of flgure VII represent two
hypothetlcal income. transformatlon funct1ons for a’'high: school: student.
If the student faces or he seeés.a stronger effect of ‘E on Y than he would

Af he faced Oq.‘ ‘The opportunlty set boundarles correspondlng to oq and
or are dt and dt"respectlvely 1n panel 6. : .
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Following the analysis.in section III. 1, we have that the suhsti-
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).

1V. 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. ‘ . 3 ‘

Iv. 2. Preliminafy Summéfy of Causation in the:Empiricai 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 twélfth‘
grade students.. : oo o AT AT

a3
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The general flow of causation in the model may be summarized as
follows: 1In the first -equation average 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 dlsc1p11nary problems
and by prior student achievement-levels. 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. - : R

IV. 3. Estimation of the EmpArlcal Model

The four equatlons comprlslng 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 this equation is the average school score,
vi2, on a verbal test given to high school seniors. The explanatory
variables in the equation are assumed to affect V12 by their influence
on the number and arrangement of words presented to the. students in the
sample. : -

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'I‘he mean and standard deviation of V12 are 56.5 and 10.9 respecfiveiy.

ZTVERBL 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.

3ASSE’I‘ 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. : o

44
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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. Imn 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 hlghly 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 d1ff1cu1t1es 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 educatlon 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
intendéd 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 nimth and twelfth grade students w1th1n a school tend to be
very similar.

The equation that follows was estimated by ordinary least squares
techniques. The numbers precedlng the-variable names are beta:
coefficients (the regression coefficients of the standardized var1ab1es)
and the numbers in parentheses are F. stat1st1cs (the squares of the t
rat10s) .

4The proxy MOTIV was computed according to the equatlon MO“IV =1+ J
where I and J are the normalized values of STUTRY ‘and EDLINL.; STUTRY
as in the. grammar school analys1s, is a welghted school average of . _
responses given by teachers to the questlon, "How hard do you': studentsf
try?" 1Its values could range from'l- (not very hard) to 4 (very hard).
The variable EDLINC is the proportion of -twelfth arade students' ‘who . .
disagreed with the statement,‘"Even with a good educatlon, T'11C have ‘al -
hard time getting the right klnd of JOb : S
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FIGURE VIII

DETERMINANTS OF FUTURE INCOME
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R = .94 : . o

viz2-

.59 V9 "+ .21 ASSET + .16 TVERBL + .10 MOTIV
(96.8) - (20.6) : L (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 inffluence on motivation from
variables affecting the rates at which the §tudent 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 income
and a consequcnt (see figure 4) increase in motivation. V9 is therefore
expected to be positively assoc1ated 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 negatlvely related to
the level of stude»t mot1vat1on.

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

RZ = .57 F = 60.4
MOTIV = .65 V9 —‘-.20 DSIPLN
(72.0) : (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 levgl of student
motivation and the extent of student disciplinary problems. “If the

5It: also implies that future researchers in this area may expect to
have some success with polynomial curve f1tt1ng techn1ques 1n productlon
function estimation.

6DSIPLN is the proport1on of teachers who though that too much time had
to be spent on dlsc1p11ne. The mean and standard deviation of DSIPLN in
the hlgh school samp’e are .27 and .20 respectively.
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student expects a relatively small 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 Vhites 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 Cs,l class size, are included in this
equation because they affect the ratez 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 disrwuptions
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 NSIPLN.

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 = .42 ~ F = 16.2

DSIPLN = -.31 RACEl2Z - .29 PARINT -+ .21 TSRASD + .18CS
(8.4) (7.5) (6.0) .7)

’The mean and standard deviation of RACEl2 are .56 and .43 respectively.

8The mean and sﬁaﬁdard.déviation of PARINT are .3l and .24 respectively.
PARINT is the proportion of teachers. in the school who thought that
parental interest in education was not lacking.

9The mean and standard deviation of TSRASD are .09 and .18 respectively.

10The mean and standard deviation of CS are 29.00 and 7.76‘respective1y.
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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 axe 1) the average
number of years o{leducation attained by the fathers of twelfth grade
students, FTED12; 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.

The statistics associated withk the fourth equation are:
R2 = .52 F = 49.3

" PARINT = .54 FTEDl2 + .36 RELFAT
(50.5) (22.2)

V. SUMMARY 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
TVERBL=.16.

The remaining policy variables affect student achievement in
the twelfth grade through their impact omn student motivation. De-
creasing teachcér-student racial differences, TSRASD, can be expected
to increase student motivation through its effect upon classroom dis-
ciplinary problems, DSIPLN. The multiplier for TSRASD is:

m (TSRASD = (-.2)(.10)(.21) = -,004

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

m (C8) = (-.2)(.10)(.18) = -.0035

/ .

11The mean and standard deviation of FTED12 are 9.9 and 1.5.res§ectiVely.
12 ' s o ' A :
"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 the preceding chapters of this paper we have investigated the
rclationships between a sct of educational inputs and outputs. Ve have
shown that student achicvement 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 the 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
shoving their relationship with each other and with the expected levels of
schooling and future income.

II. TIUE 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, scveral 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. The Direct Determinants of Schooling

The cquation presented in this subsection treats as a dependent
variable the number of years of education the average student is expected
to complete, EDYRS. EDYRS can be expected to increase if there are fewer
high school dropouts and/or more students going on to college.

18ec3 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. . T : : ‘ ‘ .

' 2The sample mean and standard deviation of EDYRS are 12.8 and .82 respec-
tively. EDYRS is actually.a proxy for average complcted years of education
since the Coleman data upon which this study is: based do not. contain follow-
through information on its students. They do, however, contain estimates of
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The number of years of cducation the student is willing to complete
depends upon the relative values of the rewards 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 scts 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 EDYRS, We will use our measure of student motivation,
HOTIV3, 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,
V12%, to be positively related to LEDYRS.

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

of high school graduates who zo 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]. ‘

3See 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
statisties (the squares of the t ratios).

RZ = .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:

RZ

= .836
log ¥ = §.938 + .051S + .0042A
(.002)  (.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 regrc551on is run is taken from a group in Mhlmo Sweden.

Both S and A scem to be significant predictors of log Y. In terms
of our model, S is similar® 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 1nf1uenccd 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 motiwvation may have been understressed
in studies relating income education. Uniortunately, the available

5See page 98 in Hansen, op. cit.

6That: is, S is the number of years ofAeduéation completed by
individuals whereas EDYRS is the number of years of education we
expect the average student in a high school to‘complete..

’see the 1nterest1ng comment by John Conllsk in Haﬂsen,'gg. cit.,
on pages 122-123.

i
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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 Hause® in a recent issue of the Americanm Economic
Revicw. 1In that article, Hause argues that an interaction between
schooling and ability is important in the determination 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 hypothesizeld directions of causation. - Thus,

V12 and EDYRS are both viewcd 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 ->

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 flow of causa-
tion in the process of education from the grammer school years,
through high schodl 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)contains Ythe 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= v
models, labelling them I and IX respectively. In the following pages
we will summarize the grammar school and high school models sep=
arately and then discuss the relative effectivecness of the policy

. variables in them.

III. 1. HSubmodel T: The Grémmar 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

8John c. Hause,:"Ability‘énd'SChooling as Determinants of Life~-
time Earnings, or If You're So Smart Why Aren't You Rich?'", AER,
May 1971, p. 289. : v : . : : ‘
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determined by effective class size (LRGCLS) and several other
school and background variables. The major components of cffec~
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
incrcase the value of PARINT, thercby decreasing the valuec of
DSIPLI) there are eight policy variables in the grammaxr school
submodel. Those that directly influence V6 are the extent of pre-
school recading (PRERD6), the proportion of teachers who were educa-
tion majors in college (TEDMAJ) and the average verbal ability
of tecachers (TVERBL). The teacher-student racial dif ference
(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
tcacher frcedom (TFREED) and expericence (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

i 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 the high school submodel:
teacher-student racial difference (TSRASD), class size (CS), and
teacher verbal ability (TVERBL). The first two variables affect the
values of MOTIV. through their effect upon the variable DSIPLN. They
affect the values of V12 and EDYRS indirectly through their effect
upon HMOTIV. The variable TVERBL affects V12 directly and EDYRS in-
direcctly.

III. 3.  The Policy,Variablcé

- . The reclative effectlvcnesa of a p011cy variable must be defined
in terms. of a criterion variable or objective. functlon. We will first
use EDYRS as a criterion wariable and then discuss the relationship
betwcen years of education and student future income.
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I1II. 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 ycars 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 ail the paths
between the high school policy variables and EDYRS.

The estimation of the multipliers for the grammar school
variables is complicated by the fact that because there were no
schools in our sample that had both a sixth zrade 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 junior high school (V9) is a function of the achicvement 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 relation-
ships can be written as follows:

V9 = a V6 + b MOTIVJ
and
MOTIVI = c V6
_where a, b, and ¢ represent constants.9 By substitution we obtain:
V9 = (a + bc) V6
The quantity (a + bc) represents the sum of the direct and in-
direct effects of V6 upon V9, The impact of grammar school variable

X upon expected years of education will then be

m(EDYRS) = &¥8. (a + be) . 2EDYRS
X Vo

i 9We assume that the variables have been standardized and that
a, b, and ¢, therefore, have the dimensionality of beta coefficients.
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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 verh~? ability upon subsequent verbal ability in grammar
schools an¢ &igh schools. In the grammar school case, the simple
correlation between V3 and V6 is .71 implying an upper limit for
(a + bc) of .7 and in the high school case the siwple correlation
between V9 and V12 ‘is .95. The range considered for (a + bc)
thercfore is from .4 to .9.

IIL. 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

o variable. These multipliers are computed on the basis of the intex-
\ - 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 assuined 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 standaxd devia-
tion units, of a one standard deviation change 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 oxder 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 + be). '

The meaning of the table will be illustrated by a consideration
of the 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 = o4
is given by the 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 EDYRS. 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 cducation. Naturally, the multiplicrs of the grammar school
variables increase in valuc as the cstimate of a + be increases
while the multipliers of the high school variables remain constant.
This lcads to a difference in ranking in only ono case, however.

The multiplior for TVERBL-G corresponding to a + bc = 9 is .084.
This is higher than the multiplier of IVERBL~H, .077.

Ve belicve that an estimate of the sum of the diroct and in-
direct effoct of V6 upon V9 will yield values of about 6 for
(a + bc). The average incroment in years of education completed will mever
bo: .08 x .8 yoars por student for a 2.83 increase in score on a
high school toacher verbal aptitude tesc] O n .8 for a 2.2
score on a grasmar school teachor werbal aptitude tesk] o
increase, affecting 255 of thw students,
teat to which they vere read to before oatering school}
ISW-‘MwM‘ - decxease in the differemce be-
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1) wmaximize the benefit cost ratio (this criterion is appropr
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;
victh this approach, the multipliers presented may be prosumed to
represent the effectiveness of nmarginal veriations in the neigh=
borhood of the mean of the instrument variable.

Tables IX.through ¥ contain a sat of sulcipliers that imdi-
cate the incroase im lifetime carnings that can be expected from
a wait incroase im a policy variable. To facilitace conpacison
vith costs, the policy variables in these tables are praseated
ia sateral waits rather than in standard deviation waizs. Ve bave
compated tmmmmm-mmmmmml
carnisgs axtributable to a0 extva yoar of education wary with the
sunbar of years of education. Thus, the (scrowemt te Lifetine
carnings from am extrd mtmotnhaumnmr,ﬂu )
student recsives eight mther than ten years of saivonlings
$57,000 Lf ehe stmdent rectives tvelve rarher whan pem years of
schooling, $3),000 if che scudsnt reenives foursesn rather chan
12 years, and 5“&.0! if lbhom meceives sixeen vather then
foorseen yoars of schesling.”

, xgmldmmw&:lxiummgmm-
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an increase of $383 in lifetime carninga per student. A one category
increase in the extent to which 10% of the students are read to
before school (PRERDS-scale: O = nevor, 2 = sometimes, 3 ™ often)
increases expected future earnings by $256. A decrease of onc por-
cent in the difference between the percentages of black teachers and
of black students in grammar schools leads to increases of $15 in
student lifecime incone. In high schools, the corresponding mumber
is $10. An incresse of one percent in the percemtage of education
pajors teaching in grammsr schools lsads to an awerage increase of
$21 in future earnings. An averege of ono fower studext per class
in high schools lsads to an facrease in lifetine earaiegs of 319
per studemt. A corresponding chasge for the grassar schools would
yield an fncrease of §534. An increase of one perceatage poiat in
the percont of teachers who thiak their instructissal equipsent
is adequate lonlunmotn‘:nmv future earnings

T e s senern 6 manchee weried ohitiny St am s Wigh sl
Berlh. 65 SRNED pow s peer, Al fihe BeouEn &9 Hther et

ﬂmmmw& ,nmmwnmwmm
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ability on the grammar school level is $7066 ver teacher year.
The return to preschool reading programs is $1710. The return to
the teachor-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
and grammar schools are.$360 and $270 respectively. The recturn
to instructional equipment is $39 and the vetura to teacher
::;crm is $64. Fimally, the returan to teachar freedon is
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The schools thet soored high on factor one heve & low Tate
stugent population tusnover (veriabls 9, .$15; veciable 10, - +400),
ano mwmmxmmmm.mm
1ife Te +617), ont who prefar to tesch chiloren Proa the
professional rather than the laboring class (varisble O, «473).

5

mm.mummmmumwrm
(factor one) have bright, achisvement-orisntes students shoss parents
mmummm“mmmmm
chiloren's scucation.

%ﬂn first factor, which describes the socicecononio
backgrouna of ¢ ts but includes no charscteristics of the echool
89, sccounts for sore than twonty-ssvon perocent (= .S302) of the
veriance in the average school score on the sixth grace meth test ona
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stbres on this Pastor have a high
o o061} wasiable 2, .73%)
l.v( isble 20, .472).

‘ mmmm
" 1mm wm Aaren '&'m ::mmu
m m a co
ManthMN mm the reclal ale-
uﬂMﬂuhmmﬂmﬂm

unmmmuwmeumw.n
in presoninintly blsck schools are rece
mmum“m Mfmmt:untr:um.
mbre noihors werk, ihese 1is rore overerouding, ano main bresc-
wirner has a loser siatus job. ’

Unline the Pizrst (eseioscononic) factor, school varisbles
(owezoge tsacher vertal sbllity ono senssters of soucation) cdo appear
4in tho escond Paster. Mowswer, the echool messures which enter into
wnr-numahonl-hnhmmm te tesachers tena to hawe
mote vesbal Pacility sna feusr semesters of ecucetion than the blaok

Ire Thizg Fogtor

The thize factor ooscribes the school in terms of
thne of school suthoritiee to provice good per-
m& ang ncmu.u for its stuoents. The varisdbles in this factor

fall into tuo groups: msasures of school facilities and services, ana
moasutes of weges ang hours of work for school personnel.

Sohools uith high scores on the thirc factor have good facil-
itise: a kincdergarten (verisble 34, .583); good gymnasium facilities
ivarhhh 33, «591); eno special teechers for music, art ana spesch

variable 38, .569). They aleo mske on sfPfort to attract good per-
sonnol, as Mcatn by the fact that they tenc to pay higher salaries
to principles (variable 37, .721) ana tsachers (variable 38, .883),

have Power hours of requirsd classroom work (variasbles 39, - .419);




"

ang 40, = ,413), ona a relatively higher number of school cays not
worked by leschers (varisble 41, .469).3

ﬂ% It 1» strixing that the thira factor, which
osscribes tw itional approaches of school districts to improving
the quality of scucation, has 30 low s not effoct. 1t explains less
than 1% of varlance of stucent achiocvement (variables 1 ana 2) ena
stuoent espiretions (varisble 3). In acaition thers seems to be a
relatively vesk association botweon measures of tsacher quality such
es experisnce (verisbls 53, less thon .25%), tescher attachment to
the teaching profession (variable 54, less than ,7%), teacher turn-
owsr (variaoble 53, less thon 2% of varisnce), sno working conaitions
in the school alstrict. Only 165 of the variance in teachsr verbal
abiiity is sxplainec by this Pactor. The loadings in factor three
teno to sugpest that the policies susmarizea by this factor sre rela-
tively ineffoctive in inproving the ecucstional performance of schools,
One resson for this may be that teacher salary schedules typically
very only betwesn, ang not within, school oistricts. Since most
teachere are wossn and are usually the ssconvary wage earners in a
fanily, their husbanoe® places of work must be taken into account when
making any locational cecision. Thorefores, the effect of shorter
hours ano higher weges upon teachsr quelity might be gresater if they
varied uithin school alistrictls.

Ihe Foyrth Factor

e The fourth factor describes the school in terms
of the tuos of per pupil facilities, Schools with high scores
on this Pactor have a high nusber of rooms per student (variable 42, -
«763), rony rewecainl rescing teachers (varieble 43, - .679), and
counsalors (varisble 43, -~ .752) por student, and small class sizes
(variable 45, .512).

o« WNone of the studont achievement variables (variables
1 = 3) cor woll with these school inputs. The net correlation is
loes than ono percent of varionco. This impliss that raising the per
stuoent lovel of teacher servicos represented in this factor, at least

:'l‘ho nusber of days of toacher absence per year is probably a
proxy for the nuwbor of sick-cays granteo to teachers. Note that in
this factor, ths number of hours that students spsnd in class is posi-
tively rolatoo to the number of hours that teachers spena in class.
This may bs indicative of an awaraness by school authorities that
treco-offa axist among teacher quality, cless size, ana the average
mmber of hours that students spend in class, That is, as average
yoarly wagea ars raised and hours are lowered to attract better
teachers, fewer teschors can be hired, given a budget limit. ' In that
cass, unless tho number of hours that students spena in class can be
lowered, class size will rise, - ‘ - o
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within the range represented in the data, is not an effactive means of

raising student performance. This finoing could have important impli-
cations for the allocation of school budgets.

The Fifth Factor

Description. The fifth factor dsscribes 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 scormss on this factor are troubled by racial
conflict (variable 50, .504), vandalism (variable 46, .425), and by
problems of theft (variable 48, ,527), and violance against teachers
(veriable 49, ,499)., The students in these aschools are often imper- -
tinent to their teachers (variable 47, .607), and a great deal of
classroom time is devoted to discipline (variable 51, .609). Adminis-
trators cannot provide effective leadership (variable 52, .432), anag
sxperienced teachers tend to leave these schools as soon as. possible
(variables 54, .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 ths most -
desirable characteristics to be chosen by experienced teachers, This
effect may be reinforceda by the greater ability of experienced teachers
to cope with student bshavior 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, Neithsr the third nor ths fifth factor's forces eeem to e
affect stuoent acaoemic performance oirectly.

SUMMARY

The Factor analysis performed on the fifty-five variables has-p-
produced. five factors which. summarize. some of .the important inter~

‘relationships in the process of - eoucation. Taken together these factors

account for more than eighty-four- percent of . the variance ‘in the. avaragef
school scores on: .a. rsaoing test. givon to eighth grade students, more
than- eighty-saven percent .of . .the: variance in a’ comparable mathematics

. ‘test, and almost sixty-eight percent of the variance Ln a measure of
student aspirations.:f-:) . ‘ e e !
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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, classifios 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 sascond factor accounts for thirteen percent of total var~-
iance. It classifies each school according to the racial composition
of ite student and faculty., It is interesting that this factor
accounts for almost fifty-=four percent of the 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 gocod 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 8ix percent of total
variance. It characterizes each school by tha extent of per-pupil
facilities in the school.

The fifth factor also accounts for approximately six percent of
total variance. It characterizes each school by extsnt of disciplinary
problems and school ‘atmosphsere for teachers, The variables included
in this factor tend to be assooiated with intra-school system preference
of teachers, :

Factor Roms

, The preceding sections of this chapter characterized the-f,
separate factors by the variables of which they are oompossd. ‘This. ,
section will Further clarify some "of - the" meaningful associations among

some of these important variables by an axamination of the factor rows.ﬂ.»y

Variable 1., Sixth Grade Reading,Test. Tha average scores ‘on

the sixth grade reading test have their: highest loadings in: factors oneh:‘ |

and two (35% and 44% of variance, respectively).. This indicates that
sixth grads reading scores. .are ‘associated’ primarily with socioeconomic L
status (factor one) and race (factor;two), although the’ verbal’ ability L

" of teachers’ (which has a: loading of .651.in"‘factor tuo) appears to =
"compensate someuwhat for’ th“lack of: verba'ﬁinteraction :
hoines. * The reading test variable has virtually ni
third and fourth’ ‘factors: (school adaptability and: per pu
respactively) but is’ weakly associated (6“ variance) ‘wit
: Factor (intra-systam teaching"’ '

: he flfth
This

‘students? :";:ki‘--,;
hssociatLOn with the '~
' facilitiee,qi'vw
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may mean that experienced tsachers cen influsnce reading scores to
some extent or merely that students who score well 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 (sociosconomic) factor. Thus, most
of the variance (54%) in this variable seems to be due to the home
snvironment 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. Variablas that Measure Student Motivation.
The variables in this group are the average teacher's sstimates of how
hard her students try, and whether or not there is a high rate of
absenteaism among students in her school. Thsse wvariables have mode-
erate loadings in the first (variable 19, .638; variable 20, «475),
second (.396; .472), and Pifth ( 794; «625) factors.

~ Their inclueion in the first (eoc;oeconomic) and eecond (race)
factors reflect tendencies due primarily to home influences. . Students
from low status homss which lack ths parental intereet in education,
and black studants, particularly males, who tend to. lack :a successful
father to emulats, 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 teno to cause. Fewer
probleme in echool. o ‘ . :

Uariables 21 and 22, Stbdent 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’ stuoente.'

These varlables are included .in’ the study because they presumably

‘reflect less of the school ' lnfluence ‘and more-of . the innate ability ano

home- influence than. the sixth grade: achievement scores, : Both thiro ;
grade ‘tests wers includad in the first ‘(23% and 24% of ‘variance, -
respectively), and - second, (17% and 40% of; variance) factors., 'The -
verbal test has a higher, though small, loading (s 306) in. the flfth
(echool problems) factor than the non-verbal test ( 198) '

. The difference in the amount of varianoe explained by factor‘
five (verbal ‘test, 9%;. non-verbal, 4%) ‘could’be an early indication of’
the effects of. etudent motivationt*

.......

motivational patterns. L

Non-verbal tests are conetructeo in .
such a way: that they teno to weight:native ability higher than school-_ R
relateo phenomena. Therefore, the higher loaoing For the verbal test
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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. Howsver, cer-
tain broad outlines in the process of sducation 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 dlagram show the
postulated directions of causation'

FIGURE 1

I

+ .. |Student Aspiration|

Socioeconomic ' ' ‘ . L
Status of +. [Student'motivation[ + | Student’
Parents , . C , I Achievement

S - : + _
[Pra-school Readin§1//2f .

The relationehlp between parental statue and student aspiration
and achievement evident in this factor may be caused by several
related conditions: (1) High status parents. tend to motivats the
student directly by stressing the lmportance of academic achxevement‘
(2) high status parents provide parental models which delineate a
wider apparent rangs of: opportunitles open to students, thereby
enhancing student aspirations; and (3) high status parents tena to
provide a home ‘environment ‘that. better ‘prepares. the student for school
by such things as pre-echool reading to the: student.g Student aspira-
tions and motivation interact in a- mutual: pos;tive faedback : relation-
ship which together mith pre-school preparatlon determlnes etudent
achievement. ‘ R - : S

In the second factor, the lnterrelatlonships between student
achievement and other school ana: background varlables stem from racial
d;fferences among schoola.‘ The postulated causal relationships under-
lying the associations among ‘the. variables iy the second factor are S
-shown in the follow;ng diagram. : - :
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FIGURE 2
. Student . Student
Student _____.———“""— flotivation »! Achievement
Race A
4 + T Teacher
' + Verbal + +
Teacher | | \pi1sty

School _ﬂﬂ;:_.———"”*” Race ‘
Segregation \\S\\\‘\\\\\\:\\‘_ ‘
Teacher

Education

School segregation (ev1oent in variable 28) has both a direct
end an indirect effect upon average student achievement. The direct
* influence stems from the aeffect of the structure of the black family
(variables 30.and 31) upon student motivation (variables 19 anag 20),
The indirsct influences stem from peer group, interact;ons, which
result in an indirect impact of the racial composition: of: the class-
room upon individual student achievemente, and from the consequences
of a racial matching of teachers and stuoents (variables 23 and 24).
" Black teachers are better able to motivate black students: than white
teachers, and evaen though they tend to have lower verbal scores-than o
their white counterparts, this results in higher student achievement.

4 .

The relationships in the thiro factor can be shown oia- v“
gramatically as follows: , :

FIGUREVS
- Wages| = R , ;; Teachers
- B o S Uerbal
‘Hours| . - Ability

The loaoings in this factor suggest that higher saleriee and .
a lower number of in-class hours can be useo ‘to attract: teachers with
high verbal ability. Homever, the ceteris Earibus nature of. the o

The racial matching ie part voluntary (variable 26).

‘ 5The 1ower verbel ecores of black teachere are compensateo in
part by a 1arger number of semesters of eoucation.;ub;_
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within~factor relations implies that it is entirely poassible that if
school A is a high~-problem school and school B is a low~-problam

school, school B may attract bstter teachers sven if it offers lower
wages.,

Factor four contains only variables which measure per pupil
facilities and semems to rsflect 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-
ivenass of the schcol to teachers. The moderate loadings in this '
factor of the varisbles that measure student motivation suggest the
following structure:

FIGURE 4

Stuoent Motivation}| «+ Lack of School ; +° Teacher Exoerience
~Problems . 1 '

Experienced teachers with seniority prefer to work in schools
with fewer dlsclpline problems. By the same token, however, ‘the more .
experienced teachers are also more adept at handling discipline prob-
lems and at enhanclng (dlrectly and indlrectly) stuoent motivatlon.-

The causal structures suggested by an examlnation of the ortho-
gonal factors can now be" comblneo in a single structure to daescribe
the interrelatlonships occurrlng in the complete factor analysis.

(See Figure 5. )
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From the point of view of policy, the interssting groups in Figure S
are thosa that can be changed by echool authorities. The groups aro:
(1) teachers! wages and hours of required workj (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
acore of the average black student on an achievsment test. 0One con-
ceivable policy measure would be to decrease the extent of recial
segregation. The effect of this would be to decrsase the proportion
of black students in the school, which would indirsctly increese
average student motivation, thereby decreasing student-associeted
problems in the school, By this means, the average level of qualifi-
cations of teachers willing to work in the school would be incrsased
and achievement scores would incrsase.

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 achievemsnt tests. e

CDNCLUSION j' '

This study identifies by means of factor enalysis the under-_
 lying: regularities in'a set of fifty—five variables relevant to: the .
education process. The regularities are used’ to suggest hypotheses'
- from. which a: set cf tentative policy measurss can be derived.

. , The factor analytic intorpretation of the educational process
“in the present study is strikingly consistent With the: major findings-

_deficiencies°““

S iDL

: of the Coleman Report even though free from some of its methodologicalxﬁifi;
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(1) Family background explains much of the varlence in
student achievement;

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

(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 axplained
a large proportion of the variance in individual student achievement)
could not bs directly corroborated by the present study, but is
entirely consistent with it.




