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ABSTRACT

This paper presents a conceptual framework for the analysis of
school effects on learning. A differential equation model for change in,
academic achievement is derived from the conceptual framework. Numerous

implications for the evaluation of existing research is,derived and

preliminary analysis using the proposed model is presented.
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+Introduction B L - .

The freedom of.parents to cybose schonls foﬁ'their children has

become an ‘important political issue. [This would not be so0 if it

.
-

were believed that the school a child attends made little difference
to his or her educatton. In fact, almost everyone concerned with -

s schooling an%ieducatidnal policy seems to pelieve that school differ-

)

ences are important for the educational achievement of children.

, waeqq;, a considerable body of researcH accumulated over the last .

decgde has failed to establish strong school effects.1 Schools seem -

to make little difference in educational ot;fj::s’ when a child's
o "

ability and family background are adequately Coatrolled. Particularly
o a . ' . :
- research on the effect, of schools' instruc%ional resources (facilit&té,

a . .

-

curriculum and staff,cﬁaracgeriétics) has produced resuIts‘of this -
/' nature, wﬁile research on school environmental variables -- measured .

by student body cTaracteristics -- has bgen only slightly more

) ’ :
. Co

successful. o

3

Much of the research on school effects.has been among the methaa-
>

% ologically most sophisticated research in sociolog§, and it has been

carried out on large and seemingly adequate samples. The main thrust
* e . .

¢

of the research has been to show that apparent relations between school

5
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characteristics and the academic pérformances of children are in fact t

‘

“spurious when reasonable assumptions about the causal ordering of
o .

variables are made gnd adequate statistical methods are used. Of

significance has been the use of regressioh methods in (

conjunction with linear models to test the'relationships among variables.

“

These ara .powerful methods that have gained gene;al acceptance as a

‘;ery efficient way of handling quantitative‘data{

If the resear;h findings are valid, the widespread belief in the
importarnce of schools for diéferences in educational outcomes is
erroneous.’' An accep;anceqof these findings woulé havF important conse-
quenges for‘educa:ionaijb;lfty. Existing inequalities in educational.
res;urtes would be a much less salient issue, particulafly if the
injustice of tﬁzse inequalities\is argued to stem fr;m the unequal
‘eaucatioqal oitqomés they proncé. These policy implica&iona are
somewhat depressing: o }f only the family babkground:anagthe genetic
endowment of éhildren aﬁpear relevant for educ;tional achievement, *

2

1itt e can be done to remove ingquaiities in educa-

tional opportuhifies.

Itiié, howevér, not likely that a general acceptance of the
research findings on school effects will come ébout very readily.
: . .

A bglief in the importdnce of schools 1s Qidespread and sustained
E S . :
\by'the interests of groups -- teachers and educational administrators

v~ who benefit from attempts at improving the 1nstructicpa1;resources
, )
of schools. Chatracteristics of the pertinent research are also

'

important, in our opinion. While the research on school effects 1is

£\
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methodologically sophisticated and difficult to fault on, technical

‘ grounds, 1t is .ot a 1ine of research that has been much concerned

with the conceptual issues involved in establishing school effects

‘L“

or the absence of them. The emphasis has been on establishing
relations among variables, not on specifying the mechanisms
that would produce such effects. Thus, the apparent lack of school

effects is primarily an empirical finding for which a theoretical

rationale is lacking. This property of school effects research

hinders a widespread acceptance of the empirical findings, "as the

reasons for these findings remain uncledr. Therefore, the contro-
versy 1s %ikely to continue, resulting in new research and the re-

evaluation of existing findings. / 5 e T

{

The validity of an empirical finding {egarding the relationships
among two or more variables.is dependent on the validity of the speci-
fication of the functional form of the relationship among_the variables.
Invariably, research on school effects -has assumed a lineax relation—
ship. If this functional form is a misspecification, the validity of

+he findings is in doubt, regardless of how'hophisticated the estima-

:

tion procedures have been. The linear form has'beeﬁ chosen, it sedus,

; .
primarily because of its convenience. Thés 1is not a peculiarity
: J

of research on school effects, but a common feature of sociological

~¥eswarch. Still, the findipgs of this research would be much more

convincing 1f the functional form cou d be argued on theoretical
- -

grounds to be the correct one. To ma such an argument, it 1is necessary

L]

to specify the mechanisms.that would produce school effects

a0
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. and give these mechanisms a mathematical form.. This .

. . . ) . ’ l."

] ta

~

' means specifying the mechanisms that produce learning as a function °

‘-

gf the various relevant characterisf&cs of students and' their environ-

ments, [?cluding the teaching students are exposed to'fn“schoqls.

-

3

School effects, as well as any other effect on the academic.échieve—-

ments of chi%dren: are ultimately a qﬁpdtion of influencing the leatning™

M

process of‘children.2 - ' ‘ - ’

The purpcse of this paper 1is ‘to ’ . ‘

]

sﬁecify‘_ the -causal mechanisms that produce learning, i.e., too
\ t 7/ .
propose a conception of the learning process and to suggest its’

mathematical form. In this framework, the characteristics of the

'schoqlstchildren attend will be emphasized. The objective is not

-

- necessarily to prove existing research on school effects wrong, but

to sdgges; a framework for the evaluation of this regeafch and a
. -

point of départure for new research on the impact of schools'

instructional refources and thé environments they provide on the

amoﬁnz'that students will learn. Some findings oﬁ‘an‘investigation

using this framework will_be presented, but the inadequacy of existing

2
[

data available for the analysis make these findings suggestive rather
than conclusive. The main emphasis is.on the conceptual issues }
underlying the model and the methodological problems the proposed

model presents. .

A Model for the Process 'of Learning

Learning is a process in time: the amount of learning achieved
»

can be registered as‘change over gome time interval in an individual's

b
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knowledge, skills or values.' This section will pfopose a conception

of this process and a pathematical model designed‘to implement thdt s

conceftion. There are.}wo tasks inJolved ~- one is to ldentify the

* . .

relevant variables; the other 1s to formulatms mechanisms that link
. - - - /

these variables. It appears.uceful to be quite ‘elementary and to

[
propose a simplified model thpt clearly expresses the basic properties

desired. Further modifications are discussed in a subsequent ;ét:ion.

The objective is to propose a model that can ascertain school

_effects, if there are any. It should focus on learning that takes

.place as a result of students” exposure to school activities, 1i.e.,

-exposure to classrooms, teachers and textbooks. Further, it should
focus on lea;ning that 1s relevant for a student's further educational

and (perhapé ccupational career, for the question that ultimately

generates the interest in school effects is»whetﬁer
it makes a difference to a child's future attainment which school he

or she attends. These considerations imply tha:t the focus should be

on the learning of intellectual knowledge and skills that schools
try to teach and test for in academic achievement tests, examinations

and the like.

¢ ‘Schools may teach youngsters norms ‘and values thatsare considered

13

important to acquire by the community and may have a bearing on

N

future attainments. However, these socializing activities of the
school will not be considered here, as they also are usually excluded

from the existing research on school ef%ects.

\
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Tgachiﬂg is a communication process where. kripwledge and skills
are treansmitted to students who to a varying degree acquire the

material taught. The varlaq}on among students in their learning is

’

dependent ‘on attributes of these students. In existing research, a
host of characteristics of gtudents have been assumed relevant for
learning. Foremost of course is T.Q., but other cognitive attributes

such-as creativity and curiosity have also been suggestédd

A}

A '
and’assigngd varying degrees of importance. A similar list of

personality.attributes -- such as' anxiety, need for achievement, level

of aspiration and attitudes toward learning'-— has been suggested.

These latter variables, im addition to ability variables, will be,

relevant for the amount a student learns. It appears that the intro- *
: 3 7
duction of these variables is primarily motivated by thé need to account

for variation #n the degree of effort students will exhibit. More

simply, we may say that variation in student léarning is influenced .

by two broad sets of individual variables -- those determining ability

and those determining effort.

Almost all -research in educational psychology and sociology has

£

focused upon individual determinants of learning and on the

c .

relevance of certain aspects of teacher behavior and teaching methods
\

that would determine how effective teaching is. Implicitly it is

assumed, 1t appears, ‘that the amount of material communicated in the

teaching process is a trivial variable for the ﬁmount of learning that

takes.place. But, however trivial this quantity is, it is nevertheless




§ T

of crucial importance.. No child will learn material he/she has not

©

been exposed to regardless of how mucn ability and effort is displa&ed.

Learning only takes place if there are opportunities for learning

present. Variation in such opportunities w;%& produce variation‘!h
learning independent of the abilities and efforts of children.

Teacher behavior anq teaching methods may be seen aé ingredients in
determining such opportunities. Other relevant feqtures are,curriculum
organization and the amount of time spent in teaching as opposed to time
spent iﬁ recreation and oh keeping discipline.

- we have identified three basic concepts -r ability, effort and
opportunities for learning. These variables may in turn be linked
to other variables like family background; characteristics of peer

.groupc and school and teacher characteristics. First,

however, we need to specify the interrelationship among these three
A} t

. ’

concepts in producing learning. . \

Specification of the Model

~ N
've expect that ability, effort and opportupiéy produce variations

1

\
in leafﬁ%ng. One could carry out research where some

measure of academic achievement 1s used as the dependent variable 1in
an atalvsls where measures of the three main concepts are used as
irdependent variables. The amount of variance explained by the three .
séts of vsariables would be focused upon. In fact, this is what most

" existing research on school effects has done, although a concept

5.~ilar to "oppertunities for learning" has not been employed.




8
However, an additive mode} for the depe;dence of learning on
;bility, effort aqd opporgunities'is not conceptually satisfactory.
Such a mo&el implies_that the three sets of variables can compensate
for e;ch other, 1.e., few opportunities for learning can be compen-
sated for by high levels of ability and/or effort. But this seems
unlikely. No one can learn material that he or she has not been
<exposed to. Hence, 1f opportunities for learning are nonexistent,
. no léarning can take place. In general, the level of opportpnities
will determine an upper limit for how much learning can take place.
‘Perhaps no one will reach that limit -~ how much material a Séudent
Y. (
acquires will depend on his/her ability and effort.

A more reasonable specifica£ion of the interrelationship among
the three concepts would be some multiplicative form or a mixed
additive and multiplicative form. The multiplicative formulation
would capture the desired conception of the role of opportunitie§ for
learning. Howevar, there are numerous alternative ways in‘which to
capture this notion In this situation, one may proceed by trying
out alternative formulations and choose the one that seems to fit the

A data best. Measurement problems and data limitations are likely to
cause an indeterminate outcome of such a search. Furthermore, a
form that happgns to be well fitting need not necessarily‘be the
most theoretically meaningful, and/or this form can be given different
interpretations.3 Instead, the most productive approach seems to

be one where a specification of the fundamental mechanisms of the

srccess 1s used to derive the functional form. This approach

@ 11
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necessitates a clear specificafion of the fundamental assumptions so -
th.at theoretical adgquacy as weil as empirical adequacy can be a
guideline.

To specifyv the fundamental mechanisms underlying change-in aca&;mic
achievement, that is learning, amounts to specifying a differential
evquation for change in achievement. Solving this differential equation
will then give a functional form for the interrelationship among
variables that can be used in empirical analysis.

Let us assume that achievement is measured as a continuous variable,
and denote the level of achievement disp’ayed after exposure to a
t tearning process of length t by y(t) . The amount of learning

in 4 small iaterval of time, dt , can now be represented by the
change in () , or dy(t) , that occurs in dt . The quantity

dv(t)’dt 1is the rate of learning to be explained by the opportunities

for learning presented to the student and by his/her ability and

-

SNeffore.
“pporturities for learning are determined by another cﬂange
variable. EKnowledge and skills are communicated to the student in \ )
the instructional précess" In some period t , a~certain amount 1.

v(t) has been communicated. It ‘can be assumed that there will be
bl . - N
/ M . \
. 2 certain total amount v* communicated in some subject .(say,

¢

algebra, history, etc.), where this amount represents what teachers
and schools deem an adequate coverage of the subject area.
The quantity v* - v(t) represents the amount of material
' \

~ot vet cormunicated by time t . The amount presented in a small

12
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time interval, dt , shall be denoted dv(t) . A student will .

-

learn a cevtain fraction of this material -- how much depends on his/her

o
.

ability and effort. Tﬂ; amount learned in dt is dy(t) . The

influenée of ability and effort may ﬂe formilated as df(é) being

proportional to dv(t) with a constant of proportiqﬂaiity determined ¢
¢ : by ability and effort. Denote this constant s . Hence, A
. ,/
: " . dy(t) = sdv(t) ’ (1)

v

. -~

This expreséion states that the amount learned is linearly ‘

.
<

dependent‘oh the amount of new:material presented. One may‘direct%y

‘a
-

try to measure ‘v(?) and in this way test this sfmple expression, J

Fé?ever, it seems difficult to operationalize_ v(t) , and it will .

‘

usually.only be possible to obtain informgtion on y(t) at different
. . ‘-.Q P - Ce .
points in time. It 1s then necessary,to spe!ify the depen&bpcy , "

\ N .. . . .
of & y(t) on time. This means that v(t) 's dependency on time should

-t be specified. - - f '

) . v Al

" Teaching consists of both. the Tepet&ttbn of-o0ld material and the
\ v L + 1 . . )

presentatign of new material. When a new subject is presented, most

&

P

. of the matefiaL will be néW§ toward the en@-pflthe pgrioJ’allotted \ v,

to the subject, most material éﬁy be pssuméd to be :epetitioﬂ. 1f-

b

*his 1s correct, then the .amount qf new materialaprgeented should

depend on the quantity v* -\v(f) . Tbis dependency E be formulated

e :

' in the differential. equation; o

%‘?Qw'[v*-v(t)} b' >0 . @
r . N i‘ .

y
= ‘ | 13
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The quantity b' 1s a parameter that;determines how much will be

{ . taught per unit time. As such, it ‘expresses the amount

of effort displayed in the teaching Rrocess. It is reasonable to

assume that b' is related to the total amount of material that has

L

to be covered within the period allotted to ,the subject matter, shat

-is

‘b' should be determimed by v* .

Without loss of generality,
¥

we may set b'

v(t)

assuming v(t)

Lq-ePhy, -

%; .4 This gives as a solution'to (2):

.
vk(l - e ™y

7

-bt
b

0 for t =0 . This is the desired expression for

the dependency of v(t) on time. . o . L :
Equation (1) has the solution y(t) = sv(t) , gssuming y(t), =

] * . )

at the start of the learnidg process. Inserfing equation (3) in (k)~

and defining b = -b' gives:
»

- 4 * L)

(ebt -1) b<0. (4 -

i
This expression tells us how achievement depends on time, on .

y(t) =

oo

- .the opportunities for learning, and on the ability and effort of the /
studegt.

It 1s useful for what follows to differeptiate (4) with.respect

to time. This gives, T LI
L ] ) ’ ‘
dy(t)
= 5.+ by(t 5 :
TS s.+ by(t) (5) =




i o

%)

12 ,

Hence the process formulated imp;ies that the rate of change {
academic achievement or the rate of learning will be a linear function
of the ability and effort of the student, s , and the level of
achievement o;tained by time, t . The level of achievement will
ha&e a negative 1mpacf o; growth in achievement since b < 0 .
Therefore, the quantity b constrains learning, and it expresges a
negative feedback brought about by the opportunities for learning.

The negative feedback will be greater the larger the absolute magnitude
of b , that ié, the smaller v* , sinc% b=~ %;

While b 1s a characteristic of the t;aching that takes glace

-

"in.a school, s 1s a quantity that depends o; individual students.

Unless all students ate identical, there will be variation in s that

I3

will have to be taken into *: ¢count. More importantly, it is

. )
of major interest to specify how s depends on various character-

istics of the students and their backgrounds.. The simplest formulation

N »*

of the dependencr of s on other variables -- and here we follow the

h
tradition of most research -- is to assume linear dependency,
s = aj +'§a1xi R (6)

where the x

1 variables are individual characteristics such as the

student's I.Q., need for achievement, family background, etc. The

linear formulation assumes that these charscteristics can compensate

\
3 .
for each other. This seems more reasonable than to assume a -

linear dependency of achievement on schopl characteristics, since this
amounts to assuming that learning can take place even in schools where

no opportunities for learning exist.

15 .
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Inserting (6) fpr s 1in (5) and solving the differential
cquation will give an expression similar to (4). This expression
assumes that t 1is measured from tﬁe start of the teaching process.
In empir;cal applications, it is more convenient to obtain an expres-
sion that relates achievement at two arbitrary points in time. 1In

the sequel, we will therefore define t as t = t2 -t where

1 ’

t, ang tl are two points in time, and further assume y(0) # 0-.

This gives as the solution, o,

a a
" - 1) + "y + L Pt - Dx, + 2 (€°° - Dx

U‘lﬁ)
(=]

y(t) =

(Y]

et - Dx_ . 7)

U‘|=

Equation (7) may be used to obtain estimates of the parameters

using the formulation,

= g% * * + a* « e e * .
y(t) ak + b*y(0) + atx, + ajx, akx (8) )
% bt l
where 36 = T (e”” - 1) etc. Using least squares techniques to
estimate 36 . bf . af s e e ,'a; » the fundamental parameters may be .

cbtained .as (see Coleman, 1968),

p = 1o& b*
t
36 log b*

3 T t* 2 1)

af log b* ’

al = ?(‘b;*_——f) N etc. (9)

16
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The model should be estimated separately for each school (or
classroom) -- variations between schools in b then will provide the
desired information on variations in opportunities for learning.

The model formuléted in ;his section 1s a simple and, it seems,
reasonable representation of the conception of the léarning process
proposed in the preceding section. In the next sections, thé assump-

/ tions necessary for this formulation to hold will be described and
§oﬁ; of 1its properties'and implications will be outlined. The speci-
ficqtioﬁ of the model presented here 1s clearly not the only possibility.
In later sections of tﬁe paper, the model will be evaluated in relation

to exisying research and some preliminary results from an analysis Vo

will be presented. - \

>

Assumptions - P
Certain assumptions are necessary for the solution (7) to represent
the relationship among opportunities for learning and the various
ﬁeasufes of«ability and effort. First,-it 1s necessary to éssﬁme
that the par;meters are ident;cél for all individuals and that tgey are
« constant over time. Second, . it must be assumed that the independent ’
variables; X, » are constant over time. The assumption of no varia- |
tion in parameters actossAindividuals demands that all relevant
variables measuring directfy‘or indirectly a student's ability and
effort are included in the 1list of Xy variables. Further, 1t

N

must be the cAge that any member of a group of students for which the

‘y

model 1s estimated has been expnsed to the same set of opportunities

gor learning, that 1s, exposed to a process governed by the same value

17
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of b . This means thit all members of a group should have been
¢xpoued to the same teaching process. Ideally then, analysis at the
clabaroo$ level should be performed.

The last mentioned requirement implies that y(t) should measure
learning of material presented only in schools. Insofar as y(t)
measures achievement in material also available outside schools,
Jariation in b 's among students within a school (or classroom) will
take place, and the model will not be empirically adequate. The most
likely alternative learning agency to schools is the family, but its
importance will vary with subject matter and perhaps also grade -
level. This problem introduces constraints on‘the‘choice of
achievement test to be used as a measure of y(t) . Clearly, school
effects cannot be found on learning that primarily takes place outsi@e
of the school.

A related pfoblem stems from the fact that in investigations’
using the model presented here, students in different échools obviously
should take the same test. Because there are varia{ions among schools
in curricula, there is a tendency inh test construction to measure
more general aptitudes rather than the learning of specific materials.
However, such measures are not appropriate dependent variables for the
nodel proposed here, as they confound actual learning with ability.

Variation in parameters over time would occur if the model was
misspecified, i.e.} if the mechanisms postulated abo;e do not correctly
represent gﬁe learning process. “It would élso occur if one or more of

il

the independent variables change over time. The simplest situation is

(\' | ' - 18

"
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where one of” the independent variables changes over time due to forces

- PN r
.

1
not related to the System specified by the model. In this instance,

?

the change over time will have to be described by 'specifying the depen-

dency. of the vafiable on time. Procedures for doing so are described

by Colemfn (1968). A more complicated situation occufs if the c&ange-
_in the independent variable 1s endogenous €b‘the system, i.e., 1f

learning produces change in one of the independent variables. In

this ihstance, a simultaneous differential equation m?dellis needed

so that the interdependency among variablés can be mo&eled. Faildgé

to use such models will introduce a bias in b =-- the measure of oppor-

tunities for learning -- as we will show in a later section.

In the bresent context, thg assumption of no endogenous change in
independept variables implies that the ability and effort ofxstudents
are constant over the period of observation; in particular, ability

and effort are not influenced by learning. This seems a questionable
assumptién. Mos. will claim that ability ﬁay change as a result of
le;rning, and similarly it-:seems‘ reasonable that effort should depend
on past success, particularly if this success is rew;rded with grades
and encouragement from teachers.

fhe latter implications of the simple model (5), seem to tall for
revisions of thé model. Such modifications‘will be discussed later
in this paper. { These complications may be avoided ff‘observations are

spaced closely enough for the assumption of no change in ability and

effert to be reasonable, but such a solution may have other drawbacks.
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Measurement error presents a serious problem in models that focus

on change. what appearq to be change may actually only be regression
toward a mean due to measurement error. Such a phenomenon will bias the
parameter b of equatiyh (5) that 1is of such crucial importance for
the argument presented he;e. Coleman (1968) has shown how it 1s possible
‘ to separate measurement error fré; true change ip deels such as the
'959 proposed here.. Observations .at three or more points in time are
needed. [f this separatiah ok change and error cannot be made, 1t
s is necebségghto assume that errors ar? identically distributed for ’
all subgroups.gmntg which comparisons of b 's are madeL . |
All the'various assumptions and requirements discussed will'affect

our ability to draw valid®nferences from the variation among schools

in opportunities for learning. Omitted variables measuring ability and effort

will bias b’ due to the correlation among these variables and achlevement
. . and ability and effort. -Varlation in opportupities for learning within

schools due to the operation of otﬁer leaéﬁing agencies, will have

similar results, as wiil the use of achievement measures that confound

ability and learning. Finally, measurement error will also bias b ’

as just described. .

Proper design of the research using the proposed framework

will be essential to overcome the probléms discussed here; in particular,

the proper selection of measures of achievement and ability and effort

should be emph§512ed. A fairly extneisve literature on lagged models

of the type exemplified by eéuatlon (8) 1s available (see Grilliches,

-

1967, for a survey) for use in selecting proper estimation procedures.
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" o lareely technical issues will not be ddscussed here, as they do
! *

not demand revisions of the basic model. Tn contrast, the presence,

ot $udugenous variables among the measures of ability and effort

does lemand a revision of the model. For the present purposes, we T
‘ L]
will accept the simple model "(5) with the expansion of b given in
%

. 4
') s a reasonable specification of -the conception of the learning

process advocated here, and discuss some important implications of ’ /
. >

treis nodel.

Irmplications

fhe model mirrors a mechanism where growth in academic achievement

.
N

t> wonstrained Ly copportunities for leurning. The latter is 4 character-

1-11e i tav sonool or more «<orrectly of the teaching process the student

'
\

Ls exporea toe. Tue impact of schools through » creation of oppor-

tunitres ror learuinyg is an interactive one. This mav be seen by

ening the equilohrium level of achievement, i.c., the value of y(t)

Tur vioooh Jr(t)7dt = 0 . This value can be obtained by taking t .
) )
t .‘f:néty in equation (Mg .
L]
% a a a 1 \ .
A (e) 0 L 2 X n x ’ (10)
@) = v = e e KL, e e . =
7 b h 1« b 2 b -'n
. a,
Coefficients of the independent variahles di = - may be
) S

obtained. [hiese coefficients are thuse estimated in cross—sectional
research as measures of the effect of independent variables on academic

atievement. Tﬁey will be positive in sign (since b < 0) and their relative

magnitude will correspond to the a, coefficients. However, in absolute magnit
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they will depend on b . The larger the shsolute value of b --
that is, the fewer the oppogtunities for learning -- the smalter will

-

be the effect of an independent variable on the level of achievement.

In other words, the level of opportunities for 1earg}ng will determine

'

how much change (that is, learning) there is for the independent variable
to act on, and thu; defermiSe th much Lf an effect these variables
may have. |

It further follows that the opportunities for learming will
determine how much inequality in achievement will be generated by

schooling. This is most easily seen if the existence of a comprehensive

-

measure of ability and effort is assumed. The equilibrium value of

. , , s ,
achievement with such a measure will be y(e) = - b The variance in

., s

y(e) , for a fiven variance in s , will then be greater the closer

. . 2
b is to zero, as var y(e) = (- %) var. s . The opﬁortunities for

s

learning determine the extent to which schools reinforce inequality
in achjevement resulting from inequality in ability and effort.
Family background is certainly an important cause of variation in

ability and effort. If the relation between family background and
1
achievement (s assumed the same across schools, it follows

A Y

from this and -from the previous result, that good schools (i.e., those with

many opportunities for learning) will increase inequality in achieve-

ment and intrease the inequality among students due to family

’

»

bacanground.  [n other words, inequality of educational opportunity

will pe increased.
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lhis is aot a result-usually looked for 1in research on school
effects. Instead, school effects are most often conceived of as effects
4
tiat modify the'effect of ‘family background on achievement and reduce
inequality in academic achievement. Such effects are compensatory.
. N
lhey are cyéarly not produced by increasing opportunities for learning,
tut -- in the framework suggested here -- obtained by modifying a
child's ability and effort. Characteristics of schools that have
compensatory effects should be included along;ide measures of individual
attributes as independept variables adding to, a person's ability and
vffort. They would not be characteristics that determine opportunities
for learning. Since compensatéry effects act on a child's abillity and
effort, they are probably effects of the interpersonal environments
scheols provide and not of the instrucatiohal resources provided.
THus, the conception of the learning process proposed here
“uggests two‘typea of school effects —- effects of the opportuniéies for

¢

learming provide. by schools that are interactive effects, and additive
or ccmpcnsator§'effects produced by school environments as a result of
taeir impact on students' ability and effort. The opportunity effect

- increases Jifferences among studenty in learning and increases the
absglute effect of studen;s' backgfbund. Acting on yariablés that
influence opportunities for\lea{ning will only produce increased
vquality in achieéement by reducing opportunities for learning --

$

where no one can learn, the gifted will learn is little as the dull

. L
c.ild. Acting on school environment variables may reduce inequality,

vther things equal, bv reducing inequality in ability and effort.

L3
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A further implication of the model should be noted. Equation (10)

]

only represents the Iinterrelationship among aqhievement and measures
of ability and effort in equilibrium. Cross-sectional studies using

~a linear model therefore implicitly assume equilibrium; In other hords,
it {s assumed that no growth in achievement takes‘place at the point
in time ’here the cross-sectional study is carried out. This is o A (
obg;éusly a very dubious assumption. In the situézion where change is
still taking place, the coefficients that would be estimated using

equation (10) would be functions of time. From equatibn (7) 1c

4

follows that coefficients of the xi variables, when the process is
not in eduilibrium, can be written:
a
i , bt ] .
= == - . 11
di(t) 5 (e 1) ( ?

The coeff;cients will be increasing in magnitude in time until
a
they reach their maximum value of - El at equilibrium. In general,

we should then expect that the effect of independent variables on

aéhievement will increase by the amount of exposure to schooling.
The implications of the model presented here suggest certain

patterns of results of empirical research,.even though such research

.

has not used the framework presented here. The next section provides

. ] '
a survey of existing research, which in indirect way, has a bearing

on the plausibility ¢: the model.

Fvaluation of the Model

Equation {10) for the equilibrium level of academic achievement,

a

is an additive static model 4n which the parameter b cannot be identified;
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that’ts, a direct measure of the opportunities for learning cannot be
obtained, Furthermore, equation (10) assumes that if academic achieve-
ment is Iin equilibrium, no further growth in achievemeﬂt occurs at the
time observations on the variables are obtained.

Nearly all research on school effects has nevertheless used.a
model that is formally identical Fo equation (10). In these applications,
school characteristics are introduced as independent variables assumed
t; add to the effect of individual level measures of ability and effort.
Since school characteristics are correlated with the individual level
variables and consequéntly there 1s a substantial portion of shared .
variance, mugh attention has been directed to the problem of the order
in which to introduce the variables. This problem has been particularly
important in the controversy surrounding the massive study, ﬁgualitz of

Educational Opportunity by Coleman et al. (1966). In the Coleman

study, the problem of shared variance was handled by int}oducing
school characteristics last, after the individual level variables; in this way,
bnly the variance not accounted for by individual level variables and not
but shared by individual level variables and school character£stics is
left for the school characteristics to act on. This gives a conservative
estim?te of the effect of school characteristics. Later reanalyses have
used different orderings of the variables (e.g., Bowles, 1968), and
found scmewhat more substantial effects.
However, ;}“fﬁe model suggested here is a reasonable approximation

‘to the learning process, it is clear that the major problem in represent-

ing schocl effects i{s not one of the causal ordering of the variables.

N

L]

~
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Variabhles measuring school characteri?tics that determine opportunities
for learning should not be.included as inde;;ndent variables in an
additive specification at all. Séhgol characteristics that influence
opportunities for learning determine the magnitude of b of the model
and thus determine the effect of variables that are direct and indirect
measures of ability and effort. Only those school chatlctetistics that
directi affect ability and effort should be used as independent
variazies. For those variables, the collinearity problem is relevant,
* and sinultancous eguations may be useful to mirror their effect on
abilit~ and effort.
T-us, nmost of the research that reports no effect of schools on
Loirtire, fnovarticular the research that reports no effect of a

ohoot' Lratru tilnal resources {per pupil expenditure, library

oldings, s fence labs, erc.), provides no evidences against the model

wropised ere. Tt {s further consistent with the deel that those
school lewel variables for which an effect has been established are

those thit measure student bodv characteristics or provide other

“

{ndicators of the interpersonal environments schools provide. Hence,

ichools' racial composition did exeYt some influence on achievement

as a ma'or result of the FEO study (Coleman et al., 1966). Studies

(&4

hat ewplov more direct measures of school environments -- for example,
Meditl, Rigsbv and Mevers (1969) --.find significant effects on achieveﬁent of
aducational climates when controlling for a host of individual
characteristics. ‘In the framework we propose, this finding suggests

~

27 ¢ L.rantents nodifs students' abillity and effort and therefore
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will add to the variarce ac ounted for bf’individual characteristics..

It is further consistent with the model that cross-sectiona
- ¢ ’

studies carried out at different grade levels find an increasing relation
among achievément and family backgrouna and other 1ndependeﬁt vari;bles

as studenp age increases. The most massive documentation of this pattern

is eétablishediin Mayeske et al.'al(1969) reanalysis of the EEO study. This

‘ . t
result is to be expected from equation (11) because ~ the dependency

of di(t) on time, : ! .

Even using the séatic formulation, 1t might be expected that
siénificant differences in the size ofiparameters between schools should
be found. Such an inieraction has been tested for in a study of
Wisconsin higﬂ schools by Hauser, Sewell and Alwin (1974) . They found
no between-school q1fferences in the effects of sex, I.Q.;—SES, high
schéol curriculum, peer and adult influences, college plans and occupa-
tional aspi#rations on educational*attainment. Presumpbly this result
casts doubt on the goaei proposed here. Héwever, the dependent vafiable
in the analysis carried out by Hauser et al., is educational attainment
measureq_in years of schooling afte; high school. The model proposed
here focuses on learning as measured by some fqrm of academic
achievement test.  Academic achievement 1s of course relevant for
attainment, but a host of other variables influence attainment. The
evidence against the model from this research is therefore not very
convincing. )

€

Hauser et al. (1974) did use a measure of achievement in their
!
model, and found no school interaction for that variabhle either.

(3
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However, the measure was rank in high gchool.'i.e., the relative

standing of a student "among his/her peers. While this may be an .
éppropr}ate dependent -variables in testing for a differentialncompenh

satory effect of schools (i.e., a differential impact of schools

-

on, say, the influence of family background), it is clearly not an

appropriate measure of the dependent variable for the model proposed .
2 . .

here.5 - - .

Research that directly focuses on change in achievement at least
4 ’ ,
recognizes that learning is an ongoing process and is a more appropriate
' ’ .
" formulation of the model even though 1t might still be.misspecifiell

with respect to hﬁw variables measuring opportunities for learning are °

introduced. Such reséarch is sparse, but it does provide some encouraging
results for thg framéwork'proposed here.

Shaycroft (1967) analyzed achievement gain scores from grades
9 through 12 in the Project Talent Data. She reports significant

between-schooi variance 1n achievement gains consistent with the argu-

mént presented here for the impact of opportunities for learning. .
However, her analysis focuses on the overall magnitudes of the gains
and does not introduce explicit modeis for the impact of individuai
measures of ability and effort on the determination of the gains.
The analysis 1s therefore vulgerable to criticism concerning the
possible confounding of individual and school level variables. )

Hanushekv(lg70) analyzed reading achievement gains of elementary

school children in relation to teacher characteristics and found

signif{cant effects, where the magnitude of effect depends on the SES

. :BE; ‘ ) )
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background of the students. Also relevant is the study by Summers and
Wolfe (1974) on school children in Philadelphia. -This study reports
a'numbéf‘of significant effects on gains in achievement of school
characteristics. All school characteristics are introduced as additive
variables in the lagged models ysed, and all schools are pooled in the
analysis. Hence, a direcg test of the model proposed here 1is not
possiblé. A number of interactions among school Eharacgeristics and
individual level characteristics are however e?tablished, and some
support for the model may be derived from|this finding.

Overall direct support for the model proposed here is not avgllable
in the research on ;chool effects, but some findings are consistent
with what shoulq be expected from the model, and nothing in the
existing research contradicts it. However, no existing research 1is i
directly désigned to implemgnt the framework pfoéosed here. This would
demand estimating equation (8) on groups of students where each group
vas exposed to identical levels of opportunities for learning.

Further, only measures of students' ability and effort -- or ;ariables
assgged to affect those attributes -- should be included as exogenbus
variables. Finally, the dependent variabie should‘be a measure of
achievement that taps what actually 1is taught in séhools.

Not only does existing research not fulfill the requirements
demanded by this model, but existing secondary data sowces available
to us suffer from a variety of limitations if a direc£ test of the

model and 1its implications is t6 be carried out. In the next section,

some findings from an analysis using the framework proposed here is

29
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presented. They are howe§er, because of data limitations, preliminary.

IS

Preliminary Findings

: As a first step toward testing the proposed model, equation (8)
was fitted to over-time‘d;ta on academic achievement from the Project
Talent study.6These data contain information on the achievements in
various subject mattérs of a national sample of secondary school

students. The data were collected in 1960 and again in 1963 when the

4

students were in the 9th and 12th grades, respectively. In addition,
information on the students' family background, I.Q., and sex is

supﬁliea, The latter variables provide measures of the x; variables

of equation (8) . The achievement test variables provide measures

of wv(t)

For the present analysis, we use a subset of the Project Talent

Y

sample consisting of all students whom-we know were in the Bame

school at both points in time: 2234 students from 63 schools meet
this requirement. Net all of the students took the same battery of

achievement tests. For any one test,'the number of respondents is

about 700.
The Project Talent Study tested for achievement in a number of

areas (52 tests were given). Among these tests, two measures of

achievement were chosey{ for the present analysis: (1) the score on a
% .

mathematics information tyst and (2) the total score in English
achievement were obtained as a sum of scores on tests for spelling,
effective expression, punctuation, etc. These tests cover material

¢
that very likely was presented to all respondents.
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. ([
Ordinary least squares was used to estimate equation (8).

Table 1 presents the results of such an estimation for all respondents

who took the mathematics information test in both years.

Table 1

|

Estimation of y(t) = a* + b*y(0) + § a*x
0 ; N 171

for Project Talent Data

using Mathematics Achievement as a Measure of y(t) i

T Y s e o s o s D i D S W [P ——

Independent Raw Regression -
Variables Coefficients Standardized F
Mathematics

Achfevement .634 ‘ .348 98.8

Sex® -2.372 ' -.182 43.6 ’
I1.Q. .054 .407 - 102.2
Socioeconomic - '

‘BackgroundP .070 .107 12.9

) a -- '"Male" is coded 1; "Female" 1s coded 0.
b -~ An index

N '
. , Ly < ‘
. The estimates presented are the quantities, b¥ at , 85
£

. b .
of equation ( 8. Since b* =¢e t » one obtains that b = 1lnb*
.

. setting t =1 . Inserting the gbpirical estimate for b* gives a

-~
« e

value of b = -.425. As expgcted,',b is negative, indicating,
according to the modei, finite?opportgnities for learning. Using this
t estimate for b , the values of the remaining fundamental parameters

can be obtained. Their absolute magnitude is of less interest here,

2

b
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but the standardized coefficients in the second column of Table 1 show

that the largest relative effect %s of I.Q. while sex and the socio-

-~

economic status of the family are of somewhat less relative importance.

.
4 .

The signs of the coefficlients ‘support the framework derived here.

9 - Hqwever it i{s a very weak support. The coefficient b would probably
be negative with a variety of specifications of the model: measurement
error alone would produce-this resvlt. As the available data only

contain observations at two points ir time, it 1s not possible to

-

C
isolate the contr bution of error to the results obtained in Table 1.

More firm support for the model would be obtained if indeed the

by

parameters of the model, particularly b , showed meaningful variation
>
- across schools. Recall that b , according to the model, measures

opportunities for learning. If this is so, then the size of b should

£ L

vary with variables that may be assumed to measure or cause opportunities

4
’

for learmding. School resource measures available in the Project Talent

&

Data are: percent teachers with M.A., number of 1ibrary books,

teacher experience, and expenditureé per pupil.

it would be preferable to estimgte equation ké) in each ;f the
63 schools and then demonstrate how the measures of schqol Tesources
relate to the obtained estimates of b . However, the small number of
. students in each school who took the shme test ;t botﬂ points in time
make this procedure impractical. Instead, schools were divided into -
categories based on school characteristics, and b compared
\

across categories. This is a less satisfactory procedure as it probably

introduces some heterogeneity within categories.

32




30
/) il
The results of estimating b " in the various categories of the

school resource variables for the two tests are presented in Table 2.

Table 2
dy(t) ¥
Values of b in It a+ by(t) + ¢ cixi Across School Resource

’ .
/

Sample Size in Parenthesis .

School/Resource Math: Info I " Total English
Perceéﬁ Teachers Low (< 54%) | -.435 (254) -.464 (2&1)
with /M.A. ~ Med. (55-84%) =.327 €145) -.962(277)
* High (85-100%) =.311 (264) -.274 (245)
Number of L Low (< 2700) -.697 ( 81) =.327 (166)
Library Books /High (> 2700) . -.334 (547) «.395 (538)
Teacher Low (3-8 yrs.) -.246 ( 86) A @
Experience Med. (9-14 yrs.) -.329 (233) ~.828 (453)
High (> 15 yrs.) ~.493 (401) -.168 ( 82)
Expenditure Low ($50-266) -.635 (396) -.381 (277)
Per Pupil Med. Low (275-398) -.516 (105) ~1.343 (152)
Med. High(418-573) =246, (180) T -.486 (147)
High (696-1870) +.1227 ( 39) -.155 (116)
a -~ The absence of a b value indicates an insufficient number of

cases in the category.

b -- The positiﬁe value of b may be due to measurement error stemming
from the small number of cases in the category.

In Table 2, the sample gize differs for the two tests in the various
i
categories Gihthe school resource variables because different schools

are present for the analysis as a result of the way the tests were

administered.
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The expected pattern for the b 's is found for the mathematics
information test for three of the school characteristics ~- percent
teachers with M.A., number of library books and per pupil -expenditure.

The fourth variable -- teacher experience -- also sup%orts the  model
. . .

if the predi;tion 1s that teachers with less experience ptovide more

-

opportunities for learning math because of their training and pedagogical

techniques. The results_for the Total English test are less clear-cut. 4
The expected pattern is found, for per pupil expendi%ure except for the ‘
low category. For teacher experience, the pattern found is the opposite .
of -that found for the mathemétics test. This may of course be given
a post hoc explanation in terms of different teacher characteristics
being appropriate’in the two subject areas. The results for the two
remaining school resource variables are also inconsistent with predictions.
The ambiguous results optaineq, using the English achievement
Eest, may be due to the nature of tﬁe m;;erial taught. It 1is, as
shown earlier, a requirement for the model that achiévement reflects
learning of material presented only in schools; otherwise, between-

student variation in opportunities for learning within schools will

invalidate the model. This may be more likely to occur for ‘English

E

achievement than for mathematics. Background variables, such as encourage-

ment to read by parents, may influence English achievement whereas

schools may have more of a monopoly “in teaching mathematics,

In conclusion, some evidence for the validity of the model has
been found, but the evidence is not strong. Several limitations in the

suitability of the Project Talent Data for this kind of analysis may

]
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be the reason for these results. Unfortunately, longitudinal date
that include appropriate measures of achievement -as well as individual
level variables and measures of\a'number of school resources are not
available. Such data are needed before an extensive test of the model
is possible,
' Measurement error and unmeasured variables have influenced our
results, but the importance of error cannot be sgpecified, Clearly, the
’model could also be Qrong and misspecified, .%ssumptions about the
homogeneity of parameters and the stability of exogenous variables
over time may have been violated in the above analysis. Further, the
variables use& here as exogenous variables, though constant in themselves
over time, may be indicators of ﬁnmeasured endogenous variables that
change over time to the extent that ability and effort are affected by

growth in achievement. Such phenomena demand revisions of the model.

Some possible revisions and extensions are discussed in the next section. -

. | .

Extensions and Modifications

The conggp;ién of the learning process proposed here has been
shown to be consi;tént with the results of existing research, and the
model that specifies this conCeption has received some support,

‘ although not unambiguous support, from a preliminary data analysis. No
direct and stringent test of the mode] was possible, howevef, and the
specification presented here therefore remains a first suggestion to be
modified in subsequent research. This section will poi;t to some
modifications obtained at a price of having to deal with more compli-

cated models, but possibly realizing a gain of a more valid specification.
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The basic conception of learning as the outcome of an interplay between
opportunities for learning and the ability and effort of students will
be retained, but there are glternative ways of implementiné this
conception using less stringent assumpéions than those made above.
Among the various)assumptions that have to be made for equation (7)
to be valid, one in particular seems in need of modification. This is

the assumption that the' x variables are exogenous variables not ~

i
affected by change in achievement. This assumption means that a
student's ability and effort is’unaffected by his/her learning. Howeverj
1éhrniﬂg is p;esumably rewarded in schools and those rewards likely
affect alstudent's motivation, i.e., effort. Further, a gtudent's
ability to comprehend and learn new material is always ultimate}y
dependent on wha} is already known. Both phenoména mean that ability
and effort will depend on change in achievement. It may be argued
that this problem will not occur 1if oniy background variables such as
SES, sex and race are introduced as xi variables 1in equation n.
However, these variables serve as indicators of the unmeasured
quantities -- ability and effort. Hence, while a student's SES and -
other background characteristics remain unchanged, their relationship
to abiiigy and effort might change as a result of the learning process,
and the model (7) remains misspecified. .

The failure of other assumptions -- such as the assumption(of
identical parameters across individuals and qver time -~ obviously

may alsc call for modifications in the model. However, insofar as

the failure of these assumptions is not due to the interdependency of
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achievement and variables measuring ability and effort, the problems
presented are of a more technical nature that may be overcome by using
appropriate estimation procedures. In contrast, the problem of
;nterdependgncy, or reciprocal causation among the main variables,
d;mands a conceptually different mﬁdel. |

A simple solution to the problem of modeling the interdependency
among ability, effort and learning would be to let the measure of
ability and effort, s in equation (5), be a linear function of y(t)

A

-- the amount‘learned by time t . Let s(t) = s(0) + ky(t) ; that is,

L]

the ability and effort at time t 1s assumed determined by variables
other than learning (i.e., background factors) through s(0) and by

. learning through ky(t) . Substituting in (5) gives,

) < 50) + v (e) + by(o) (12)

where k 0 . This equation has the solution,

1

y(e) = ZXO gy y ) ks 0. ad

__This expression is identical to the solution obtained earlier
except ihat b 1s replaced by k +b . The quantity s(0) could be
written as a linear function of independent variables as gefore (cf.,
equation [6]).

In (12) it must be assumed that k +b <0, i.e., k < -b;

otherwise, achievement will increase forever. Ever increasing achieve-

G

ment is of course inconsistent with the conception proposed here, where
it 1s assumed that.there are finite opportunities for learming (which

determine the size of b).

37




LEN
while the empirical analysis ‘oqld take place using (13) in a
manner similar to the analysis using (8), th;re igs an important
difference. The quaﬁtity k cannot be identified using (13) Becausé
only the sum k + b can be estimated. It may, however, be ;rgueq

that k should te assumed identical for everyone, in which case the

relative magnitude of the s;hool—specifié b 's still may be evaluatad.

The formulation (13) shows that if there is some depeqdenc; of ¢
aPility and effort on learning, the parameter b -- estimated from .
(13) -- is likely to be biased, that 1s, reflecting k as well as

* opportunities for learning. A more direct evaluation of that inter-
dependency will, however, demand that simultaneous equations be used.
Such a formuiation will not only enable a direct identification of the
magnitude of the dependency of ability and effort on learning, i.e., k ,
it will also permit a more fléxible,specifngtion than the one

suggested above. -

It will be convenient to change the notation slightly. Let yz(;)

denote s , i.e., ability and effort, and let yl(t) denote achieve-
ment. A simultaneous differential equation for the interdependency of
y,(t) and yl(t) would be,

LY

‘ —q = a1’+ bllyl(t) + b12y2(t) H (14)
d.vz(t) .
ST T 2 T By (B) T byyyy(e) (15)
Here ‘bll expresses the negative feedback of the level of achieve-

mert on learning; that is, b measures the opportunities for learning.

11
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The quantity b12 expresses the contribution ability and effort make

to learning. Similarly, b21 expresses the effect of achievement op
ability and effort (in the same way as the parameter k above);

while b;z expresses feedback of ability and effort on itself.

|
In matrix notation, equation (14) and (15) can be written:
|

QﬁéEL . A+ BY(E) , (16)

. K 4
where Y 1s a vector with elements yl and y2 B 'is a matrix of
coefficients, and A 1s a vector. The solutione this system of

differential equations is:

Bt

v(t) = (Pt - DB7IA + 2%v(0) , | %)) :

parallel to the expression for the single~equation model.

Tﬁe system (17) will achieve an equilibrium only when the parameters
fulfill certain restrictions. The restric:ioné are derived from the
condition that a s'.able equilibrium will exist only if the real pifts

of the eigen values of the matrix B are regative. This parallels

the conditions mentioned above that b + k < 0 1in equation (14) for

1] , /
a statle value of achievement to obtain.

b
: /
Direct use of equation (17) to esrimate coefficients 1s possibéer
but assumes that a comprehensive measure of ability and effort exists.
This 1is. not likely to be the case. It is possible, however, that a

direct measure of motivation may be obtained at two or more points in

time. One may then restrict the attention to an interdependency between

1

motivation and learning, and let the constant a, of equation (145
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.
express ability and unmeasured components of effort assumed to be
constant over time. This quantity could in turn be written as a
iinear function of background cparacteristics, 1.Q., and other indicators
of ability. In this intetpretatién, thg‘constant a, would denote’

: .
unmeasured contributions to a student's motivation, and this quantity
could also be written as a function of indepenaent variables (background
characteristics, sghool environment variables, etg.).

Assuming ability unaffected by learning 1is' ouly réasonable is
if wh;t is being learned does not depend on what already has been
learned in the period over which change ;n achievement 1is established.
T“hi:s i{s a matter that can be controlled by choosing appropriate
perion for obscrvation in relation to a particular subject matter.
“hearly, it iy impossible to learn, say, trigonometry withéut knowing
some elementary algebré: by learning algebra,.one's ability to learn
trigonometry therefore grows. Howevgr; over the period in which only
~rigonoretry is presented, growth in achigvement may be assﬁmed to
cake place without correcponding cﬁange in "ability."

It shoula be noted that if b22 = 0 1in equation (15) the system
can be reduced to an expression identical to (12). In otﬁer words, the
first suggestion for modeling the 1hterdependency between agzlity and
effort and learning assumes no feedback of change in ability and effort
on itself. Such a feedback is, however, likely to take place, and the
formu}ation.that incorporates this term appears more reasonable.

¢

"we {ntroduction of the sinultaneous differential equation presents

a number of complications with respect to estimation. It is therefore




38
likely that the single equation model (5) will be preferred. If the
mechanisms expressed in the simultaneous differential equation r
- operate, the single-equation model therefore will be a reduced form
of the system. Tt wii; then not be possible to separate the components
of the estimated b 's due to opportﬁnities for learning (b ), and
the component due to the dependency of ability anq effort on learning’

(the parameters b 1f feedback is

. 21 22

allowed). sStill, infqrences on the estimated variation in‘'b 's --

= k of equatjon [12]) and b

due to opportunities for learning -- ma§1{e made 1f it is assumed that
the interdependen¢y between y2(t) and yl(t) operates with identical

parameters across all schools. The situation is similar to the problem

caused by measurement error, where -- if the error cemponént cannot be

estimated directly -- 1t 1is necessary to assume that error operates
4 N 7

identically in 411 schools and therefore tontributes the same amount

'
t ‘ 4

t0 the estimated b's .

Conclusion.

'

This paper has broposed a conception of the process of learning in
terms of the opportunitiés for learning provided by schools, and the

-

ability and effort of students. The conception has been modeled in a
simple linear differential equation, where measures of ability ‘
and effort form the exogenous variables and change in a measure of

achievement is the dependent variable. In this modlel, oppartunities

for learning determine the extent to which growth in achievement (that

is, learning) 1s constrained by the level of, achievement already

" . ' N
V4
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_obtained. This formulation was derived by assuming that the amount
of new material communicated in a small interval of time depends on
how much has already.been presented. Thg total amount presented in

turn is a*quantity that represents the overall level of opportunities

v‘//fgi learning.

In this fgamework, school effects due to variation in opportunities
for learning can be measured by the coefficient of the endogenous

variable -- achievement -- in a lagged equation that represents the
{

solution to a differential equation model. The magnitude @f this co-
5 efficient will determine the observed magnitu&es qf coefficients of
exogenous variables that are measures of students'* ability ‘and effort.
Thus, school effects due to opportunities for learning are interactlve
effects that determine'f%e effect of ability and effoft on learﬁing.
It ﬁas béén shown furthér that schgols that provide man; opportunities

will be schools where differences among students in academic achievement

-- or inequality-of achievement -- are large. In poor schpols where -

- -

no opportunities are provided, no one will learn, whether dul) or

gifted.. ) ‘ . .

- The school effects due to opportunities far learﬁing sﬁould be

distinguished from school effects due to.the,ipterpersonai environments

schools provide. The school'environpen; may agfect‘stuﬁént motivation and

+

in this way influence learning. This is an additive effect of schools -

on. achievement; the relevant school variables should be introduced

alongside other measures of ability and effort as independent variables

%Stermining growth in achievement.

5 L
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There are thus two types of school effects: - (1) opportunity

¢

effects that determine the effect of a student's ability and effort

-«

on learning and that produce inequality in achievemebt resulting from

differences among students in ability and effort, and (2) additive

effects that directly influence ability and effort, and that may be-

A
compensatory, and reduce inequality. Only the latter‘effects can be

identified directly from the linear additive models applied to

&

- ‘ ‘
cross-sectional data so common in research on school effects. Direct
estimation of the level of opportunities for learning provided by schools

is not possible using linear models on cross-sectional data.

4

No existing research has utilized the framework suggested here.

¥
However, it was shown that certain implications of the model:ara gupported

-
i

by existing research on school effects. It is thus consistent with the

model that research has found largely no effects of schools' instruc-
[}

tional resources on achievement, but has established effects of student
' \A - !

“

body characteristics and other indicators of schools' interpersonal

environments. Only the latter effects should be reg&i:ered-iqffdditive

models according to the argument presented here. Alsé, the model's

lprediction regardigz the change over age in the parameters is supported
. .

by existing research. . - k

The results of a greliminar§ investigation using Prqject Talent
Datg gave some support to the model, partiéularly for Owe of the test
used -~ a mathemaf%cs’achievement test. The results using ah English

achievement test were more dubious. This may be explained by the {

lack of monopoly schools have in teaching language achievement;

43 . '
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but, the secondary data available for analysis, in general, suffer from
a number of limitatiot'ls for the kind of analysis suggested here. Therefore,
no conclusive test of the model can be made at this time. Only new data
collection can establish more conclusavely the validity of tllle con~-
ception of the learning process and its matl:fematical specification presented
in this paper. As 1t stand_s, howeve the model does provide a*
number of qualitative implications tha cast <.ioubt on the prevailing

belief among sociologists of education regarding the importance of

schools. -~ > )

44
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) . rFootNOTES . N

[] /4 -
For a review of the literature, see Spady (1973) and for a survey
of methodological issues, see Herriot and Muse (1973).

—
.

ro
.

Harnischfeger™and Wiley argue this point forcefully. They
conceptualize the learning process as one in which the amoynt a
; child actually learns, and therefore his level of achievement, is
/ constrained by institutional resources and structures, teacher
characteristics and activities and student characteristics and J
-~ pursuits.

3. A well-known problem of this kind is the problem of separating
heterogeneity (i.e., differences in parameters among individuals)
from nonstationarity (i.e., change in parameters over time) in
work with stochastic process models. For a recent statement of
the problem, see Taibleson (1974).

4, Setting b' = }} implies that the more that must be taught, that
is, the largerv v* , the smaller is b' and the faster the
teaching process. ’ . .
5. Hauser et al., (1974) tested each interaction separately for:-
computatiocnal reasons. This is not an entirely appropriate test
for the model proposed here. A simultaneous test of between-
school variation in all parameters would have been more appropriate. 5 -

6. The 1963 retest of the 1960 ninth graders that was part of the
Project Talent Study forms the data base for the results to be
presented. The data were obtained from the American Institute of
Education, whose cooperation 1s appreciated.
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