Committee 11 Third Draft --

Theoretical Empiricism: A General for Conference Distribution Only
Rationale for Scientific Model-Building

EVALUATION OF SCHOOL SYSTEMS USING PARTIAL LEAST SQUARES (PLS)
AN APPLICATION IN THE ANALYSIS OF OPEN SYSTEMS

by

Richard Noonan
Associate Professor of Education
University of Stockholm
Sweden

The Thirteenth International Conference on the Unity of the Sciences
Washington, D.C. September 2-5, 1984

@ 1984, Paragon House Publishers



-
.
wn
%]

paper cescribes an application of Partial Least Socuares
(F_S8) to the aralysis of open social systems. The analysic
cancerns science atn:evement at tihe lower seconacary level of the
systenr 1n Swecden. The data set used was collected 11 tne
=

stucy by the Internaticnal Gssociation for the Evaiustion of

Educational Achievemert (IER) in 1370.

Re & pari of the strategy leading un to this comprenencive
analys:iz, & mocel of school learning was developec in crder To

taticstical mocel. This conceptual mocel is holistic:

it externcs from the restiese euron of the individual stucert to

~

ine giobel forces of the society as a wnole.

The data set contains hundreds of variables. Altogether 131
indicators or manifest variables were selected. These represent-
eC  in  turn 41 underiying cimensions or latent variables. in
orcer to render such & comprehensive model also comprehensible, a
strateqgy of Mierarchically structuring the latent variablecs was
enpioyed. This leads to still creater cowmplexity but makes the
mocel easier to handie conceptually.

The Swecish school sysiem is described briefly. The sample
and the data files are also described. Eguations making up the
statistical model are given anc the hierarchical structure in the
iatent variadles is discussed. Selected statistical resuits are

presented. Special attention is given to the distinction between

macro—irodelling and micro-modelling and some of the possibilities



that PLS with hierarchically structured latent variables offers.
Finally some thoughts are given concerning the ut:lity of PLS as
a tcol for systems analyszie and as a tool for general scientific
ceveiopment worh in the social sciences.

Evaluation research must be based on theory. Theory 1s
reguired  at ali stages of research, from sampling design, to
instrument construction, to data analysis, to interpretation and
reporting. Section I provices an averview of the theoretical
model used in ithe present stucy. Section 4 describes the popula-
tion and the sample investigateo, the data set usec, ano tne PLS
miervarchically structured path model tested ir the analysis.

ection 5 reports some of the main resulis anc discusses tneir

48}

implications. The wain aim of Section 9, however, is neot to draw
sgbstantive conciusions but to illustrate the petential of PLS
for the analysis of social systems. Section & concluces with
some observations about the use of PLS path a&analysis for the

stucdy of open systems.
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EVALUATION OF SCHOOL SYSTEMS USING PARTIAL LEAST SRUARES (PLS):
AN APPLICATION IN THE ANALYSIS OF OPEN SOCIAL SYSTEMS

R. Noognan
University of Stockholm July 17, 1984

1. INTRODUCTION

1.1 Aims

This paper describes an application of Partial Least Sguares
(FLS) to the amalyis of open social systems. School systems are
highly complex open social systems, and no single approach to
evaluation can possibly provide all the kirnds of immformation
needed for policy making. PLE 1s well suitec to the analysis of
cowmplex open systems, however, and is super:or in many applica-
tions because it does not require the user to impose hard assump-—
tions on the model. In the present paper we restrict our view to
the evaluation of the impact of school variables on the measured
cognitive and affective ocutcomes in students. We shall try to
avoid the wuse of technical jargon as wmuch as possible, but it

cannot be altogether eliminated.

1.2 Organization of the Paper

The present study places evaluation of sc+ool systems within
a systems-analytic perspective. This puts extremely high demands
orn  the statistical anaiysis metnods used. Secticn  describes

some of the essential requirements for the statistical methods.



Evaluation research must be based on theory. Theory 1s
reauired at all stages of research, from sampling oaesian, to
instrument construction, to data analysis, to interoretation and
reporting. Section I provides an overview of the theoretical
model useo 1n the oresent study. Section 4 cescribes the popula-
tion ano the sample investigated, the data set used. and the PLS
hierarchically structured path wmodel tested in the analysis.
Section S reports sowme of tne main results and discusses their
1mplications. The wmain aim of Section 9, however, is not to oraw
supstantive conclusions but to i1liustrate the potential of PLS
for +the analysis of social systems. Section &€ concludes with
some observations about the use of PLS patn anaiysis for the

study of open systems.

2. REQUIREMENTS FOR THE STATISTICAL METHODS
2.1 Causal Modelling as Systems Analysis

The term "systems analysis" is widgely used to cover a number
of different aboroaches to the studvy of phenomena. Common to
these approaches 1s a holistic view of the phenomena. Studies in
the field of education falling under the heading of systews
analysis have typically examined one of three areas:! (1) flows of
students through the various stages and types of schooling, ()
flows of resources, such as financial resources: and (3) flows of
information, for example in decision making. In line with the
pioneering work of Wright (13934: 1934), H. Wold (1352: 19354),

Simon (1937), and Elalock (1964) and Duncan (1971), we wish to



include a fourth category, namely (4) flows of causal effects
through the system, such as effects on student learning outcomes.

The bresent paper treats school system evaluation as a kind
of systems analysis which focuses on the flow of causal influenc-
es through the school system. Such analysis must of course rely
heavily on statistical wmaterial derived from nonexoerimental
research. The size and cowmolexity of school systems has several
implications concerning (1) the relationshio between the meas—
ures anag the underlying phenomena, (2) the dimensionality of the
school  system, and (3) the wmultiplicity of goals of the school
system and of conflict among these coals. These areas are tasen

o below.

2.2 Manifest Variables and Latent Variables

Many of the theoretical constructs of greatest 1nterest in
educational evaluation carnot be measured by single observations,
such as ouestiomnaire items. Constructs sucn as Achievement and
Attitudes are exawnles: they are tyoically measured by batteries
of instruments involving tens or huncreds of i1tems. The wuncer-—
lying dimensions are often inferred only witn the helo of factor

analysis. These theoretical constructs are referreg to as latent

0 as manifest varia-

bles. In stuoying school learning, tne school variapbles cannot
be studied in isclation from variables cescribing the students
ang  their environments. Measurement of these constructs or la-

tent variables can ownlv be done indirectly throuoh wmultipole

2



ingdicators or manifest variables. Thus statistical estimation
methods for the analysis of school systems must be capable of

handling manifest variaples as estimators of latent variables.

2.3 Dimensionality of the School System

School systems are highly complex. To 1llustrate the gimen-
sionality of the schooling exoerience, 1T mav be noted that the
IEA studies of national school systems and student outcomes
involve thousands of distinct measures (rusén, ea.. 1967: Comber
& neeves, 1873; Purves, 19733 Therndike. 1373:; Carroll, 1975:
Lewls & Massad, 1975: Peaker, 1975: Walker, i376). A st ructuring
of these variables into conceotualliy homogeneous arouns is a
hooelessly large task unless a hierarchica: taxomnomic system 15
used. Otherwise either the number of grouos becomes so large
that 1t is impossible to obtain an overview, or else the wmore
limited number of groups are so large and heterogeneous that they
are uninteroretable. Thus statistical estimation wethode for the
analysis of school systewm evaluation data must be capable of
handling large rumbers of dimensions, oreferacly within a hierar-
chical conceptual framework, and must at the came time enable the

expioration of the interrelationshios among tnem,

2.4 Multiplicity of Outcomes of the School System
The school system 1s a matter of imbortance to the whole
society. Many different interest croups influence educational

decision making. The system itself is made up of manv levels of



participation —— from the top administration to the classroom,
the teacher, and the student. Thus the school system has wuli-

tiple goals, and there 1s inevitably tension and conflict betweern

goals. For example, there are both guantitative and qualitative
goals of schooling. Trace-offs are i1nevitabie where resources
are scarce, and all resources are more or less scarce. Mualti-

plicity of goals and conflict among the acale is a common charac-—
teristic of social systewms in the real world. Thus statistical
estimation wmethods for school system evaluation must be capable

of handling multiplicity of goals and conflict amona the goais.
g p h a a Q

2.5 Partial Least Squares (PLS) as a Tool for the Study of Open
Social Systems

Partial Least Sguares (PLS) path analysis with latent varia-
bles (Wold, 13823 1984) 1s a family of methods that fills well
the reguirements referrec to above. The definitive work on PLS
is given by Wold (198Z), anc the largest collection of studies
involving PLS is given in Jéreskog ana Wold (eds., 198%Z, Vgl. o).
Educational applications are found there and in Noonman and Welc

(13980; 1983;1984) and Noonarn (1578:i982).

3. SCHOOL LEARNING: MODEL OF AN OPEN SOCIAL SYSTEM

3.1 Introduction

. 1.1 Schopl Learning. To learn 1s to cnange. School learning

is distinct from other kinds of learning by virtue of the central

formalized role that schools play in the transmission of culture
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and the preparation of young people for work. It involves the
learning of some particular task or set of tasks which take blace
within a formal instructional setting, involving a teacher, a
group of students, and a formal (more or less explicit) curricu-
Tum. The archetypical example of school learning is the develop-

ment of literacy and numeracy in school children.

S.1.2 Toward a General Model of School Learninag. The purpose of

the present model is to explain variation in school learning. We
pose several reguirements on our model. First, it must be gen-
eral or holistic, ie., comprehensive, involving a wide range of
variables, from the most proximal to the most distal in relation
to school learning. Second, 1t must explain a wide range of
empirical observations, indicating not only which variables are
most relevant but alsc the relative strengths of the effects.
Third, it must embrace a causal mechanism sufficient to explain
the observed phenomena. Fourth, it must provide a parsimonious
conceptual structure. The model described below is illustrated

in Figure 1.

3.2 School Learning: The Orderly Combination of Structures and

Processes to Achieve Learning Goals
S.2.1 A Student Centered Model. Schooling is an enormous under-—
taking 1involving coordination of massive amounts of financial and

human resources in order that students may achieve selected kinds

of cognitive, affective, and conate outcomes. Ultimately, how-



ever, the outcomes of this massive unacertaking are crucially
dependent on the student. It is not the classrooms or the
schools which learn; 1t is the student. Thus the first essential
feature of the model of school learning is that the primary actor
is tne student. Moreover, tne student is not an obiect but a
suplect —-- a thinking, feeling, active human being who has a will
of his own.

J.2.2  Student Learning Activities and the Restiess Neuron. In
its most covert forms, learning i1nvolves mainly the neuroliogical
orocessing of information -— perceiving new information, rewem—
bering stored information, analyzing. synthesizing. In its most
overt forms, learning 1involves overt practice and the gradual
establishment of nrew behaviors. The minimal recuirement for

learning to occur is neurclooical activity. Students 1learn

through a cowplex of activities referred to here as learning

activities. School learning is largely an overtly active pro-
cess. To be sure, sometimes learning occurs without conscious
effort on the part of either the student or the teacher. Scnhool

learning, however, is formalized, institutionalized, ano offi-

cially sanctioned in such a way as to minimize the chance element

in learnino. Curricula are written so as to guide the teaching-
learning process. Teaching is structured so as to cuide student
iearning activities. The ceaseless activity of the restless

neuron 1s to be carefully guided and directea, for witnout it no

cuality or quantity of teaching can lead to learmning in  the



student. Thus the secong essential feature of the model is that

it 1s student learning activities which are the creative factor

3. 2.3 Student Characteristics. KRrnowledge of student learning
activities alorne is not sufficient to explain variation in stu-
dent outcomes. The effectiveness of a given learning activity
varies among students, and this variation is a function of such
characteristics of the student as orior learninos, aptitudes and
ability, and affective characteristics, including motivation.
The student is, to be sure, to some extent plastic and can "learn
to learn”. While the teaching-learning process is going on, how-
ever, the student’s ability to understand instruction and his

capacity to respond is restricted. Thus the third essential fea-

ture of the model is that the outcomes of the learning activity

Z.2.4 Significant Others in the Near Environment. The student
does not operate in isclation from his environwent. At school,
the teacher strives to guide the student’s overt and covert
learning activities by the teaching process. At home, the parents
and other family members strive to guide tnese activities by
encouraging and helping and by expressing attitudes and opinions.
Outside the home and classroom, peers exert a guiding influence
(positive or negative) by oproviding encouragement, expressing

attitudes and opinions. Thus the fourth essential feature of the



model 1s that student characteristics and behaviors are influ-

ronment. Moreover, 1t only through influencing student charac-

teristics and behavior that others 1 the environment can influ-

ence student learning.

R Characteristics of Siagnificant Others. What students
gerive from others is largely a function of interaction Dprocess
1tself. It is not what people are but what they do which influ-
ences students. What people do is, of course, partly a function
of their characteristics, such as their cognitive structures -——
Knowledge, understanding, beliefs, attitudes, options, etc. For
example, teacher training itself does rot directly 1influence
student outcomes, but it does influence teacher does, which in
turn influences student learning behavioar. Similarly, parental
socioeconomic status or educational level does not in itself
influence student learning, but it does influence their interac-

tion with their children. Thus the fifth essential feature of

the wmodel is that the interaction orocesses in the pear environ-

e 2. 6 Objects in the Near Environment. The student interacts
not only with persons but also with obaects i1n the near environ-—
ment, such as textbooks, laboratory equipment, magazines, tele-

vision sets, chemistry sets and so on. Student learning behavior



1s both enabled and constrained by the availability ang nature of
the objects in the near environment. Thus the sixth essential

point about the model is that student behavior 1s influenced by

the objects. Availability of textbooks and laboratory eouioment
is in itself mnot a condition which directly promotes school

learning, but the student’s interaction with them.

3.2.7 The EFar Environment. School learning takes place not only
in the near environment of the stucgent but alsc in a more remote
or global environment. This far environment includes the society
at large, the economy, the legal system, the polity, the culture,
the physical environment, etc. In the far environment, as in the
near environment, there are both people and objects. The peonle
are all actors —— thinking, feeling, active human beings who have
wills of their own. The environment both enables and constrains
social behavior. Human beings also construct the environment,
within the realms of the possible. The olobal social processes
influence students, but their influence on school learning is
much less direct than the influence of the interactions which

take place in the near environment. Thus the seventh essential

feature of the model is that the far environment of school learn-

10



3.3 A Conceptual Framework

3. 3.1 Factors. In the above description of school learning can
be found many elements and relations amona elements. This com-
plexity can be greatly reduced by & nierarchical structuring of
the elements. First, two categories of factors are conceived of:
(1) Processes, which include learning activities and social in-

teraction, and (2) Structures., whicn include the availability
and nature of objects as well as characteristies of i1ndividuals,
groups, or societies. Structures and Processes are the oroduc-
tive factors which combine to influence, botn directly and indi-
rectly, student outcomes of school learning. Second, these two

categories are further divided into three levels: (1) Individual

or Intra-personal, referring to the student; (2) Social or Inter-

personal, referring to the near environment of scnool learning
and the persons with whom the student has direct interaction; and
(3) Societal, referring to the global environment of school
learning and persons who indirectly influence the student but
with whom the student has no direct interaction. At the Individ-
ual level, the student combines Structure with Process to direct-
ly produce learning outcowmes. At the Social ilevel, Structure and
Process are combined to influence learning outcomes indirectly by
influencing the characteristics and benaviors of the student. At
the Societal level, Structure and Process are combined to influ-
ence learning outcomes both through girect influences on the

student and through indirect influences through others in the

near environment of school learninag.

11



3. 3.2 bGoals. Learning behavior i1s neither random nor combpletely
determined by external factors. Explanation of learning behavior
requires reference to the goals of the learner. Goals are mul-
tiple and complex and can involve 1nternal contradiction. In
addition, the actors at the Individual, Social, and Societal
levels combine Structures and Processes in order to attain their

own goals or their own perception and understanding of the aqoals

of others. Thus accorging to the model, Structures and Processes

3.3.3 Rules. The actors do not combine Structures and Processes
in cowplete freedom. They are guided by laws, regulations, their
understanding of the way things work, culture, conventions, tech-
nology, etc. These are referred to as Rules. Thus according to

the wmodel, Structures and Processes are combined in accordance

with Rules in order to attain BGoals.

3.4 Principles Governing Empirical Observations

The taxonomy opresented above for Elements (Structures, Pro-
cesses, Goals, and Rules) and iLevels (Individual, Social, and
Societal) provide a framework for the collection of ewmpirical
data, but theve is riothing in the model yet presented to indicate
the relative strencths of. . the i1nfluences predicted by the wmodel.
There are seven principles wnicn enable prediction of the ewmpir-

ical strength of influences.



S.b.1 The Proximity Principle. Only student characteristics and
behaviors influence learning ocutcomes directly. Others operate

only indirectly through influences on learning behavior or char-—

chains. leading from more distal through more proximal variables,

to student characteristics and behaviors, and finally to student

learning. Through each link in the chain, however, the influenc-—

training, for example, can promote effective teaching behavior,
but there are many other influences on teacher benhavior. Effec—
tive teaching behavior can lead to effective learning benaviors
by students, but teaching behavior 1s only one of many influences
orn student learning behavior. At each link the influence of
teacher +training becowes progressively modified by the influence
of other factors. This may be expressed in terms of the Proxim—

ity Principle: For eaci

other words, in general the cleser a predictor is, causally, to a
predictand the ogreater the influence will tend to be, ceteris
paribus: the more remote a oredictor is, the less its influence
will tend to be. It follows from the Proximity Principle that
the effects of student characteristics and behaviors on student

learning will be powerful, teacher-student interactions less

powerful, teacher behavior sti1ll less powerful, teacher training



sti1ll less powerful, and expenditure on teacher still lesc power-

ful.

3.4.2 The Multiplicity Principle. Some factors influence learn-
ing via simple causal chains while others exert influence via
more complex causal chains. For example, the influence of teach-
ing behavior operates primarily via student iearning behaviors.
The 1nfluence of parental behaviors, however, are much more
comolex and proceed via a wmultiolicity of paths —- through verbal
ab.lity, attitudes, help with homework, encouragement, etc. This
confluence of forces on student learning behavior may be wmore
powerful than the simpler influence of teacner behavior, even
thougn the influence of teacher behavior on student learning
behavior is more direct. This mav be exoressed as the Multiplic—
ity Principle: In general, the greater the number of paths by

effect variable, the areater the total effect, ceteris paribus.

oilows from the Multiplicity Principle that the effect of the

by
o+
]

home Structure and Process variables on student outcomes are
likely to be stronger than the effects of the school and class-—
room Structure and Process variables, urless the latter are

extraordinarily effective.

Seb.3 The Continuity Principle. Some links in a causal chain

are more powerful than others because of the continuity of the

infiuence. For example, student attituces are more powerfully

14



influenced by the attitudes of parents than by the attituges of
teachers. This is because children are tyoically subject to the
influence of their parents over much longer periods of time, more
continually or permanently, and more frecuently than to the
influence of their teachers. Children enter the school at the
age of five or six or seven, by which time the craracterictic
features and behaviors of the child are already well estanlished.
The child attends schooil tyoically fewer tnan half the davs of a

calender vyear. The tynical school day represents about half or

fomt

iess of the waking hours of the child. Thne cnild tyoicalily

constitutes a major focal point in the the activities anc inter-—

actions in the home. By contrast the same chilc at schocl tyo—
ically claims one-twentieth or less of the attention of the
teachers time. The child typically changes teachers ofter. in
primary school the child typically changes teacher yearly. in

secondary school the student typically meete a given teacnher a
few hours per week during a single school year. Even in broken
homes the child typically lives with one parent and has cortacs
with the other. Even other adults with whom the chiid has ron-
tact within the framework of the family tend to exert an infiu-
ence similar to that of the parents. Thus the observed effects
of parental variables actually represent the cumulative effects
of freguent and continucus interactions over a iong period of
time, while the observed effects of teacher variabies actualy

represent the cumulative effects of infreguent anc discontinuous

contacts over relatively short periods of time.



In other words, because of the sustainec anc stable nature
of the parental influence, the observed effects of operental
variables on outcomes would tend to be higher than the observec
effects of the teacher variables even if thne infiuerce of any
given single isolated interaction were the sawe for both parents
and teachers. This mav be expressed as the Corfirmuity Prancinie:

. 4.4 The Effectivity Principle. Some links in causal crains
are stronger than others. Some parental benaviors, for exawcle,
have stronger effects on student outcomes tham others because
they leave stronger and more i1moressions. Similarly some teacher
behaviors have stronger effects because they wore powerfully

stimuiate thought, provide insights, raise interests, lead to

more effective practice, etc. This may be expressed as the
Effectivity Principle: In general. the stronger 5r-= direct causal
effects of the links making up the causai chain seaments. the

S.4.5 The Specificity-Generality Principle. Sore phenomena are

=

relatively general, in the sense that they az_zar in a wi

variety of contexts. They are resconses to a wide range of
stimuli. Others are relatively specific, in the sense that Tt hey
appear 1n only a few contexts. They are resoonses to & narrow

i&



range of stimuli. For exawple student attitudes towarc education
(ie., attitudes toward school education in gererai) are more
general than student attitudes toward scierce (ie., attituces
toward school education in science). Foliowing the same reason-

ing, parental attitudes toward education are more cereral than

parental attitudes toward science. Rccoraing to the rooei, nar—
ental attitudes should influence student attitudes. The  influo-
ences are varying and complex. More genera: onenomena tend to

constitute wmore general stimuli and to elicit more gerneral re-
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S.4.6 The Rules Principle. Thne principles discussed above con-

cern tne magnitude of causal effects, where the notion of "causal

effect" 1is understood in the same sense as the outcome of a
controlled experiment. In the bresent section we shall discuss
norn—causal association. Non—-causal association is one of the

characteristics of open social systems, and can have a bprofounc
influence on the observed relationshnips in social settinas. They

are also among the most difficult to uncerstand and to ceal with.

17



Factors directly involved in schooling can usually be wmore
or less readily manipulated by school authorities, sucn as the
length of the school year, the availability of instructional
material ane eocuwioment, class size and level and type of staf-
fing. Three classes of manipulation are possible: (1) chawoing

able: (2) cmarpirg

[

the overall level or voiume of resources avai
the mix between ocifferent factors:; and (3) changing the oattern

of allocation of resources among schools or students.

Consicder, for example, the allocation of financial resources
avmong schools. Three cases can be :dentifiec. First, in some
countries, resources are allocated in such a way that school mean
expenditure per student is in practice positively correlated with
the socioeconomic status of students, for examole where fimancing
is based to a high degree on local taxation and residential
patterns reflect social segregation. Second, in other countries
resources are allocated more ecually, for examole where financing
is largely centralized {Noonan, 157e). Third, in some scHool
systems scrnool resources mav be aliocated in sucn a  wav Tnat
school mearn exoendture per student is in practice negat:vely
correlated with the socioecomnomic status of the students, for

example wnere .ow achieving students receive rewedial 1iMstruc—
tion. Causal effects of expenditure are not identical for ail
students. Thus in a schooi system, the cbservec effect of ex-

penditure, 1e., the asscciation the researcner observec between

expenditure per student and the level of student outcomes, is
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confounded with the way in which financial resources are allo-
cated. In other words, the way in which school systems allocate
their resources has a profound influence on the observed correla-
tions between expenditure per student and student outcomes. Al-
though the discussion here has concerned the effects of school
financial resources, the same problem appears in all areas of
research in which allocation of treatments can be steered by
human will. In such situations, correlation and even regression
coefficients can be capricious -- they can change from sample to
sample, and they can change over time as the rules of the game
change. The problems discussed here can be expressed as the

Rules Principle: The relationships observed in open social SYySs—

S.4.7  The Measurement Error Principle. The principles given
above in Sections 3.4.1 to 3.4.5 concern the magrnitudes of the
causal effects, and the principle discussed in Section 3.4.E
concerns the impact of non-causal association on the observabili-
ty of causal effects in non—experimental settings. The present
section concerns the impact of measurement error on empirical
estimates of causal effects. Complex social phernomena are diffi-
cult to measure. Multiple indicators, or manifest variables, are
used in order to estimate the underlying latent variables. R1-

though this approach improves measurement, the survey researcher

is often faced nevertheless with measures containing a great deal
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of error. Usually very little is known about the error. In the
area of educational evaluation, wmeasures of school achievement
are relatively well developed after decades of work in education~-
al testing, Measurement of affective outcomes of schooling is
more difficult, and measurement of student learning behaviors is
st1ll more difficult. Measuremwent of teacher, class, and school
variables suffers from severe definitional problems. School
measures available to researchers often originate in the routine

data collected by the school administration.

In a multivariate analysis, the effects of measurement error
can be exceedingly complex even for the simplest kinds of errors.
In school evaluation research the measurement problem concerns
primarily variables used as predictors of achievement, and above
all teacher, class, and school variables. Despite the complexi-
ty, two rules of thumb can be given for aiding in the interpreta-
tion of empirical results in the face of severe measurement
problems. Suppose X1 and X2 are both causes of Y, that the
causal effects are of the same magnitude, and that X1 and X2 are
correlate with each other. First, random error in X1 and X2 tend
to attenuate the respective parameter estimates, and the greater
the error, the greater the attenuating effect. Second, random
error 1n X1 tends to reduce the value of X1 as a "control varia—

ble" and thus tends to inflate the parameter estimate for XZ.



4. CASE STUDY: THE TEACHING AND LEARNING OF SCIENCE IN SWEDEN
4.1 The School System in Sweden

Compulsory schooling in S5weden is made up of 9 years of
comprehensive education, beginning at age 7 and ending at age 1€.
It 1is divided into six years of primary and three yeare of lower
secondary schooling. Compulsory schooling is followed by volun-
tary upper secondary schooling including a wide range of acadewic

and vocational programws, generally ranging in duration from two

to three years. The present study investigated students at the
lower secondary level. At this level virtually all children
attend regular public schools. At the time of the data collec-—

tion (Spring 13970), the school system was highly centralizeg in
most essential respects, including curriculum, financing, and
teacher training. Compared with many other countries, Swecen is
relatively homogerneous culturally and socially, and variation

between schools is lower in Sweden than in most other countries.

4.2 The Data Set

The data used in the present study were collected in Sweoen
in 1970 as part of the Six Subject Study of the International
Association for the Evaluation of Educatiornal RAchievewent (IER),
carried out in twenty—-two countries (Peaker, 13975: Waiker, 197€).
That study included science, reading comprehension, literature,
English and French as foreign languages, and civics. The present

“udy concerns science education (Comber & Keeves, 1373).

21



The population investigated here included all students of
age 14.0 to 14.11 at the time of testing who are enrolled 1in
regular schooling. These students were 1n grades 7 and 8. The
sample includecd 2360 students, €ZI teachers, and 95 schools. The

response rate was approximately 3% per cent.

4.3 The Analysis

The GSwedish data file from the IER archive set MIZ00Z was
used. In this file the student data were linked to the school
and teacher data. Thus analyses with the student as the unit of
analysis, concerning school and teacher effects on student learn—

ing, could be carried out.

In the selection of variables for entry into the analysis,
two wmain sources of guidance were ewployed. The first was the
model presented in Section 3 above. This mocel provides a hier-
archical conceptual framework in which virtually all variables in
the IEAR study can classified. The seconc source of guidance was
previous studies involving the same data set (eg., see Noonan,
1978; Noomnan & Wold, 1980; Noonarn, 128Z: Noonan & Wold, 1283).
Altogether a great deal of exploratory analysis was carried out.
Variables were chosen for both conceptua: and empirical guali-

ties.

In all, 191 wmanifest variables were finally selected for

entry into the analysis. These variables were distributed over

R L3
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41 basic blocks, representing basic latent variables, each block
containing between 1 and 17 manifest variables. This alone
represents a great reduction in complexity, but even 41 blocks 1s

far to much to handle conceptually.

Hierarchical structuring of the blocks reduced the cowmplex—
ity still further. Thus althnough the total number of blocks was
tnereased from 41 to 53 (including 18 blocks representing "higher
orcer" concepts in the latent variable hierarchy), the total
naviber  of predictors of science achievewent was reduced from 40
to thirteen. Table 1 shows the nuwmber of manifest variables used
to measure each latent variable. Conceptually higher order var-
rables are denoted with one or more asterisks (¥, %%, or ®¥¥)
each additional asterisk representing a higher conceptual level.
There are eight hierarchically structured latent variables, tax—

oromically arranged below:

1. HOME STRUCTURE
1.1 Siblings
1.2 Reading resources

2. PEER STRUCTURE
1 Mean Level
1 Socioeconomic status

.
T

Variation in Level
2.1 Socipeconomwmic Status

RN
YN

P



3. PEER BEHAVIOR

3.1 Behavioral Mean

3.2 Behaviroal Variation
4. SCHOOL STRUCTURE

4.1 School Size

4.2 Principal’s Qualifications
4.3 Personmel Resources
5. TEACHER STRUCTURE

5.1 Sex

9.2 Experience

5.3 Training

S.4 Attitudes

S:.4.1 Teaching Criteria

TERACHER BEHAVIOR
Teaching Methods
Evaluation Methods
Encourages Students
Within Class Grouping

U\U"ET"CDU\

AN -

STUDENT STRUCTURE
Personal Characteristics
.1 Sex

N NN
-

7.3 Affective Characteristics
7.5.1 Attitudes toward Education

8. STUDENT BEHRVIOR
8.1 Home
i Nonscholastic

[y

B8.1.1.1 LlLeisure activities
8.1.1.2 Leisure reading
8.1.2 GScholastic

8.1.2.1 Homework practices
8.1.2.2 Time on homework
8.1.2.3 Study habits

8.2 School

8. 2. Use of Textbooks

k3
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Figure 2 illustrates the student behavior hierarchy. Thus
**#5TBEH, STUDENT BEHRVIOR represents the highest level of the
hierarchy, #**STBEHH, STUDENT EBEHAVIOR: HOME and **STBEHS, STUDENT
BEHAVIOR: SCHOOL represent intermed:iate levels, and *STBEHHN,
STUDENT BEHAVIOR: HOME NONSCHOLASTIC and #STBEHHS, STUDENT BEHAV-
I0OR: HOME SCHOLASTIC represent lower levels. The prediction
eguations for the statistical model may use all the relevant
latent wvariables or only the highest level of a latent variable
hierarchy, depending on the interest of the user. If the user is
interested 1n a macro-model, covering the whole system, then it
1s 1mperative for the sake of interpretability to restrict the
mocdel to the highest hierarchical level. If the user is inter-
ested 1n a micro-model, covering some subsystem, then the model
may involve some disaggregation of the latent variable hierar-
chies. Thus in the initial analysis for the present study, the
regression  equation for predicting Science Achievement contained
only 13 predictors, including 8 hierarchical latent variables

which represent altogether 35 basic latent variables.

4.4 Hypothetical Relations
On the basis of the wmodel discussed in Section 3 above,
fourteen causal relations were hypothesized. They were specified

as predictor relations in the usual way:

HO1: TEAMETHD F1 (*%xPFSTR, *PEERBEH, *SCHSTR, CLASSIZE, **TEASTR)

fl

HOZ:  EVLMETHD F2 (#%¥PFSTR, *PEERBEH, #SCHSTR, CLASSIZE, **TEARSTR)



HOS:

HO4 &

HOS:

HOE:

HO7 2

HOB8 ¢

HOS:

His:

Hil:

Hiz:

H13:

Hi4:

The

ENCOURAG
GROUPING
STUDVERE
REASONL

ATTEDUC

RTTSCIEN

LEISACTV

LEISREAD

HWKPRACT

TIMEONHW

STUDYHARE

SCIENACH

hierarchical

eguations.

5.

9.1

results.

these results can be

RESULTS
Purpose of the Present

The analysis described

Because of space

F3 (**PFSTR, *PEERBEH, #*SCHSTR, CLASSIZE, #*TEASTR)
F&4 (%%#PFSTR, *PEEREEH, #*SCHSTR, CLASS1ZE, **TEASTR)
FS (PARENSTA, *HOMESTR, PARENEEH, *STSTRPR)
FE (PARENSTA, *HOMESTR, PARENBEH, *STSTRPR)

F?(PQRENSTQ,*HDMESTR,PQRENBEH,**DRSTR,*PEERBEH,
*TEABEH, *STSTRPR, #*STSTRCG)

FB(PQRENSTQ,*HDMESTR,PQRENBE%,**PRSTR,*PEERBEH,
*TERBEH, *STSTRPR, *STSTRCG)

F9 (PARENSTA, *HOMESTR, PARENEEH, **PRSTR, *PEEREEH,
**STSTRPR)

F10 (PARENSTR, *HOMESTR, PRRENEEH, **PRSTR, *PEERBEH,
*%*S5TSTRPR)

FII(PQRENSTQ,*HDMESTR,PQRENBEH,**PRSTR,*PEEREEH,
#**#STSTRPR)

FIE(PQRENSTQ,*HDMESTR,PQRENBEH,**PRSTR,*PEERBEH,
*#*%#STSTRPR)

F13 (PARENSTA, *HOMESTR, PARENEEH, #%PRSTR, * PEEREEH,
**STSTRPR)

Fla(pQRENSTQ,*HDMESTR,PQRENEEH,**PRSTR,*PEERBEH,

*SCHSTR, CLASSIZE, CLASTIME, CURRICLM,
**TEASTR, *TEAEEH, *STSTR, #%*STEEH)

relations were expressed with a siwilar set of

Report
in Section 4 yields a rich variety of
portion of

limitations, only a small

reported. The purpose of this report is not



primarily to draw substantive conclusions but to demonstrate the
use of PLS path analysis using hierarchically structured latent

variables as a tool for the analysis of open social systems.

5.2 Path Coefficients; Total Effect Coefficients

The complete analysis is illustrated in Figure 3. In this
report, path coefficients and total effect coefficients (sum of
direct and indirect effects) are reported for selected relations.
The following dependent variables are considered: (1) Verbel
Ability: £)  RAttitudes toward Education: (3) Attitudes toward

Science; and (4) Science Achievewent.

Verbal Ability, STUDVERE. The effects of factors influenc-
ing verbal ability were estimated in accordance with hvoothesis
HOS above. Three effect coefficients are reported in Table It
(1) simple correlations: (2) path coefficients:; and (3) total
effect coefficients. In the present case only one wmultiole
regression is involved, so their are mo indirect effects, and the
total effect coefficients are equal to the path coefficients.
Home Structure has by far the strongest influence on Verbal
Ability, followed by Parental Status. The next st rongest effect
15 shown by Student Personal Characteristics, and the weakest
effect 1s shown by Parental EBehavior. Only 17 per cent of the

variance in STUDVERE is explained, however, suggesting that the

most important sources of variation are not tapped by the model.

)
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R more variegated picture of causal influence i1s shown for

the latent variables representing attitudes toward education and

science. Hypotheses HO7 and H08 reflect the areater wvolitility
of affective characteristics, as compared with coognitive charac-
teristics. Thus while peer characteristics and behaviors and

teacher behaviors cannot be exnected to have effects on such
basic characteristics of the student as verbal ability, the
origins of which is in the home during the early years of the
child’s develonment, these variables can be expected to influence

affective characteristics.

The estimated effects of factors influencing attitudes to-
ward education and science are shown in Table I and 4, respec-—
tively. It 1is seen that the strongest influence on both Atti-
tudes toward Education and Attitudes toward Science are exerted
by the home variables, especially Parental Behavior. We shall
investigate further below the effects of Student Personal Charac-
teristics. Peer influences are weaker for Attitudes toward Edu-
cation than for Attitudes toward Science. The general impression
emerging from Tables 3 and 4 1is that attitudes toward both educa-
tion and science are more powerfully influenced by the home than
by forces outside the howme, but this gistinction appears to be
more pronounced i1n the case of attituages toward education. in
general, variation 1n Attitude toward Science is less strongly
related to the variables i1n the model than is Attitude toward

Education, as indicated by the fact that the squared wmultiple



correlation for ATTEDUC is 0.31, while the squared wmultiple

correlation for ATTSCIEN is only 0. 14.

The 1influences on Science Achievewent are the subject of
Hypothesis Hi4, The estimated effects are shown in Table 5. Of
the thirteen predictors, only seven show statistically signifi-
cant effects (p ( 0.05 based on the classical distributional
assumptions are applied): *HOMESTR, CLASSIZE, CLASTIME, CURRICLM,
*TEABEH, *#*STSTR, and ***STEEH. That the two st rongest effects
are shown by **#5TSTR and **#*#STEEH is completely consistent with
the wmodel presented in Section 3 above. The third strongest
effects is shown by *TEARBEH. The remaining variables show weak
and inconsistent results, which may be attributed to sampling
error and measurement error. Two variables which show unexpected
negative effects are Class Time and Curriculum. The fact that
all effect coefficients for these variables are negative suggests
compensatory allocation of instructional time and possibly severe
measurement problems for the measurement of students® opportunity
to learn the material tested. It should be noted that in Sweden,
because of its tradition of a highly centralized school system,
the variation in instructiomnal time and curriculum is low by

international comparison.

The overall impression given by the results is one of con-
sistency in general with the model given in Section 3. The model

predicts that only student characteristics and behaviors will

29



remain as predictors of Achievement, and that all other variables
will operate through these. It follows that other predictors
which show independent effects are capturing some variance in
student characteristics and behaviors which is not captured by
the measures of the latter measures. This provides an interpre-
tation of the effect shown by *TEAREH. There are altogether
eighteen wmanifest variables measuring teacher behavior, summar-—
ized by *TERBEH, and sixteen measuring student classroom behav-
ior, summarized by *STEEHS. Only two aspects of student behavior
are measured by *STBEHS, namely use of textbooks and use of
laboratory equipment. Nothing concerning teacher-student inter-
action or other learning behaviors appears. A comparison of the
manifest wvariables making up *TERABEH and *STBEH reveals that
there 1is very little overlap between the two sets of measures.
Thus *TERBEH appears to be measuring teacher behaviors which
measured by *STUBEH but which more directly influence science
achievement. Since these behaviors are not measured by *STBEHS,
there 15 inadequate statistical control on the influence of
*TEABEH. Thus the indirect effect of teacher behaviar appears as

a direct effect.

9.3 Micro-Modelling
By  hierarchically structuring the latent variables in the
macroanalysis presented in the section above, it was possible to

obtain a comprehensible overview of the essential causal inter-—



relations 1n a large and complex system. Such an analysis does
not elimimate the need for more i1ntensive analyses focusing more
sharply on specific parts of the system. Instead it aids 1in
identi1fying those parts of the system (ie., those subsystems) for

which more intensive arnalyses are of special interest.

We wmay identify two types of wmodels: (1) macro— or global
models, which cover systews as a whole, and (2) micro- or local

mocels, which cover subsystems selected for more intensive inves-

tigation. Suchh a mocro-model is identifiable from the results
seen in Tables 2 to o. The associated micro-model is shown in
Figure 4. In the micro-model, the latent variables representing

student characteristics in the macro-model, #*5TSTR, is disagare-
gated 1nto its component parts: STUDSEX, STUDMATR, *STSTRCG,
ATTEDUC, and ATTSCIEN. It could be sti1ll further broken down by
disaggregating *STSTRCG into its component parts, STUDVERE and
REASOML. Likewise, #¥*STBEH and *#TERBEH could be disaggregated.
Complete disaggregation of all these variabies simultaneously,
however, would increase the total nuwber of variables in the
mocel from the present nine to nineteen. This would render the
mocel exceedingly difficult to overview and interpret. A wmore
suitable approach for the researcher interested 1in examining
these variables in greater detail might be to first disaggregate
*¥¥#ZTHEH but use the aggregated form of #*STSTR and *TERBEH, ana
then cdisaggregate *#TEABEH and use the aggregated forms of #**STSTR

and ***5THEM. Of course many other choices are avaiiable.
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Once the wmodel to be analysed is specified, as in in the
equation in Section 4.6 above, the analysis is carried out in the
usual way. The model here was simplified by removing paths with
coefficients less than 0. 04, (corresponding closely to the o (
0.05 level of significance) and re-estimating. The path coeffi-
cients are shown in Table & and the total effect coefficients are

shown in Table 7.

Three striking features emerge from the micro—analysis, as
seen in Table E. Firet 1s the absence of a direct influence of
Parental Behaviors on Science RAchievewment. The Parental Behavior
variable was entered into this analysis as the single variable
most likely to capture the largest portion of the total home
influence. It shows a direct influence on student cognitive and
on achievement, as seen in Table 7. It has mo direct influence
on achievewent, however, This is completely consistent with the

moael presented in Section 3.

The second striking feature in Table & is the absence of a
direct effect of Rttiftudes toward Education on Science Achieve-
ment. There appears to be a stronger influence of Student Cogni-
tive Characteristics on Attitudes toward Education thanm on Btti-
tudes toward Science. The influence of Attitudes toward Science
on Student Learning Behavior and Science Achievement, however,

appears to be greater than the influence of Attitudes toward



Education. It may be noted that ATTSCIEN, #**#35TEBEH, and SCIENACH
are related specifically to science, whereas #STSTRCG and ATTEDUC
are more general. Thus, in accordance witn the Spec:ficity-
Generality Principle, the more specific stimuli are more strongly
related to the more specific responses, anc the wmore general

stimuli are wmore strongly related to the more general responseec.

The third striking feature of Table € is the high proportion
of variance explained, with R—-sguared 0.64. This wvalue may be
compared with 0.37 achieved in the macro-analysis (Table 5), or
0.533 reported in earlier amalyses using the sawe data set (Noonan
& Wold, 1980), or O.3€ given for the same data set in the inter-
national report of the IEA study (Comber & Keeves, 1973). This
increase from 0.57 to 0.64 is due to the disaggregation of the
hierarchical latent variable #%*STSTR and the use of its component
parts as distinct predictors in the micro-analysis. This illus-—
trates an important principle: the use of hierarrhically struc-
tured latent variables in macro-analysis rencere large ancd cow-
plex systems sufficiently simple to enable a cowmprehensive over-—
view and at the same time sufficiently structured to preserve
meaningfulness. However, it does not lead to the highest pos-
sible R-squared. The use of micro—-analysis with =owe dearee of
disaggregation of the hierarchical structure leads to a higher R-
sguared, but it canmmot yield a comprehensive overview of a large

and complex system. The use of macro- and wmicro-analysis togeth-

er can be very fruitful in systems analysis. Thus macro-analysis

RS
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is a first stage in the extraction of information from a data set
covering & large and cowplex system, revealing the structure of
the system as a whole. This information can then be used in a
second stage, invelving micro—analysis, to reveal the structure

of subsystems.

5.4 Model Evaluation

Three kinds of tests are available for the evaluation of PLS
models: (1) Classical estimation of standard errors; (2) Stone-
beisser test of predictive relevance; and (Z) Tukey’s Jackknife.
These methods and their application to PLS models are discussed
elsewhere (Wold, 198%: Wold, 1984; Noonan & Wold, 1383). It may
be noted that model evaluation using Least Scuares methods is not
disturbed by wmeasurement errors, as it is using Maximum Likeli-
hood methods. Instead weasurement errors and other inaccuracies

are embedded in the inference to be evaluated.

6. CONCLUSIONS
6.1 PLS as a Tool for Systems Rnalysis

A rational society requirez the analysis and evaluation of
social systewes. Such systems are typically large, complex and
open. Theoretical information about the structure and process of
social systewms is generally scarce. PLS represents a wmiddle way
between pure data analysis and classical model building. It 1s
Least Sqguares oriented and thus offers wide scope, agreat flex-

ibility, and optimal accuracy in predictive relations. These

b



features mawke it a superior tool for the analysis of large and
complex open social systems. It is relatively easy to use and is
fast on the computer. For example the computer run for the

present study requirec only 26.4 seconds CPU-time on an IEBM 3I70.

6.2 PLS as a General Tool for Scientific Development Work

PLS 1s not only a tool for systems analysis, but also a
general tol for scientific developwent work. Three areas can be
mentionea: (1) exploratory data amalysis: (Z) instrument develop-

ment: and (3) theory developwent.

€.%2.1 Exploratory Data Analysis. In many cases the investiga-
tor 1is facec with massive quantities of data and very little
theoretical i1nformation. The ease of using PLS and the rapaid

computation enables the user to have a close dialogue with the

data, exploring & variety of models, wmoving manifest variables

. Even when

1p]

from one block to another, breaking up blocks, et
the user intends toc repcrt only simple descriptive results, such
as frequenc distributions and descriptive statistics for the
total sample and selected groups, PLS is a valuable tol for

identifying key variables and suggesting ways of examining the

data.

E.,2.2 Instrument Construction. In the study of large and com-

piex social systewms, instruments (eg., guestionnaires) are often

of questionable gquality because of the lack of theoretical infor-



mation. The ordering of variables into blocks and the examina-
tion of the results of the analyses provides a great deal of
information about the way the instruments work. From the comput-
gr output 1t is possible to identify individual items or groups
of 1tews which do not function as expected. In some cases the
problem can be traced toc the incorrect use of a variable, eg.,
the user discovers that the variable should be placed in another
biock. In other cases the problem can be traced to poor instru-
ment construction, eg., awmbiguous phrasing of an item, inadeauate
conceptualization, etc. Such information 1s valuable in the

construction of new instruments,

€.2.3 Theory Development. Because of its ease of use, scope,
anag flexibility, PLS enables the user toc obtain an overview —— a
holistic perspective —— that promotes the deveiopment of systemic
models. It encourages broad and comprehensive theory, rather
than narrow and restricted theory. It can be seen in Noonan and
Wold (1984), for example, how the use of PLS encouraged the
development of a wmuch wider range of variables than previous
models of school learning. This model, developed further in the
present paper, extends the range of explanation far beyond the
psychological and curricular factors to schocl resources and

structure, howe and parental factors, and societal factors.
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***STBEH

**xSTRBEHH *STBEHS
*STBEHHN *STBEHHS TEXTBOOK LABWORK
LEISACTV LEISREAD HWKPRACT TIMEONHW STUDYHAB

Hierarchical Latent Variables: #***STBEH STUDENT BEHAVIOR
**STBEHH STUDENT BEHAVIOR:HOME
*STBEHS STUDENT BEHAVIOR:SCHOOL
*STBEHN STUDENT BEHAVIOR:HOME NONSCHOLASTIC
*STBEHHS STUDENT BEHAVIOR:HOME SCHOLASTIC

Figure 2. Student Behavior Latent Variable Hierarchy
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TABLE 1. LATENT VARIABLES IN THE MODEL: NAME, LRBEL, NUMBER OF
MANIFEST VARIABLES
R S S R R e S S T S S s S S eSS E S sES s
Var Mani fest
No. Name Label Vars.
1 PARENSTR PARENTAL SOCIOECONDMIC STATUS 3
2 SIBLINGS HOME SIBLINGS 3
S HOMERESC HOME READING RESDURCES 3
4 #HOMESTR HOME STRUCTURE €
S PARENBEH PARRENTAL BEHAVIOR 7
€& PEERSTA PEER SOCIOECONOMIC STATUS i
7 PEERRCH PEER EDUCATIONAL ACHIEVEMENT 2
8 PEERATT PEER EDUCATIONAL ATTITUDES 2
9 *PRSTME PEER STRUCTURE: MEAN S
10 PEERSESD PEER SOCIOECONOMIC VARIATION 1
11 PEERACSD PEER ACHIEVEMENT VARIATION 2
2 PEERATSD PEER ATTITUDE VARIATION 2
13 *PRSTRVA PEER STRUCTURE: VARIATION S
14 *%PRSTR PEER STRUCTURE 10
153 PEERBEHV PEER BEHAVIOR 3
16 PEEREBESD PEER BEHAVIORAL VARIATION 3
17 *PEERBEH PEER BEHAVIDR €
18 SCHLSIZE SCHOOL SIZE 1
19 PFRINCIPL SCHOOL PRINCIPAL’S RBURLIFICATION 4
20 SCHLRESC SCHOQOL PERSONNEL RESOURCES 10
21 *8CHLSTR SCHOOL STRUCTURE 15
22 CLASSIZE CLASS SIZE 4
23 CLASTIME CLASS CLASS TIME 8
24 CURRICLM CURRICULUM QOPPORTUNITY TO LEARN 4
253 TEACHSEX TERCHER SEX 1
26 TEARCHEXP TERCHER EXPERIENCE 3
27 TERATRAIN TEACHER TRAINING 17
=28 TERAATCRI TEARACHER TEACHING CRITERIA 5
29 TERATSCI TERCHER ATTITUDES ON PRACTICAL 10
30 *TEARTTS TEACHER ATTITUDES 15
3 #*TEASTR TEACHER STRUCTURE 6
32 TEAMETHD TEACHER BEHAVIOR: TERCHING METHODS 10
33 EVLMETHD TEACHER BEHAVIOR: EVALUATION METHODS S
34 ENCOURAG TEACHER EBEHAVIOR: ENCOURAGES STUDENTS =
25 GROUPING TERCHER BEHAVIOR: WITHIN CLASS GROUPING 1
J& *TERBEH TEACHER BEHAVIOR i8
37 STUDNSEX STUDENT SEX 1
38 STUDMATR STUDENT MRTURITY =
39 *8TUDSTR STUDENT PERSONAL CHRRACTERISTICS 3
40  STUDVERE STUDENT VERBAL ARILITY 3
41 REARSONL STUDENT LOGICAL THINKING STAGE i
42 *8TSTRCG STUDENT STRUCTURE: COGNITIVE 4
43 10

ATTEDUC STUDENT: ATTITUDES TOWARD EDUCATION

{(Cont inued)
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TABLE 1. LATENT VARIABLES IN THE MODEL: NAME, LABEL, NUMBER OF
MANIFEST VARIABLES (Continued)
ST RS NSNS NEEEE S S S S S SEESESESSESSSSEES
Var. Manifest
No. Name Label Vars.
44 ATTSCIEN STUDENT: ATTITUDES TOWARD SCIENCE 7
o *#STSTRAF STUDENT STRUCTURE: AFFECTIVE 17
46 #**5T7S5TR STUDENT STRUCTURE 24
47 LEISRCTV STUDENT BEHAVIOR: LEISURE ACTIVITIES 7
48 LEISREAD STUDENT BEHAVIOR: LEISURE RERDING b
43 #STBEHHN STUDENT BEHAVIOR: HOME NONSCHOLASTIC 1z
S0 HWPRACT STUDEMT BEHAVIOR: HOMEWORK PRACTICES &
51 TIMEONHW STUDENT BEHAVIOR: TIME ON HOMEWORK S
52 STUDYHAE STUDENT BEHAVIOR: STUDY HAERITS (=
33 *STBEHHS STUDENT BEHAVIOR: HOME SCHOLASTIC 17
54 #**5TBEHH STUDENT BEHAVIOR: HOME 29
59 TEXTEOOK STUDENT BEHAVIOR: USE OF TEXTBOOKS 4
56 LABWORKN STUDENT BEHAVIOR: LABORATORY WORK 1z
57 *#G5TBREHS STUDENT BEHAVIOR: SCHOOL 1&
58 *¥x5TBEH STUDENT BEHAVIOR 45
23 ACHIEVEMENT S

SCIENACH

SCIENCE




TABLE 2. EFFECT COEFFICIENTS FOR FACTORS INFLUENCING STUDENT
VERBAL ABILITY
Effect Coefficient
Factor Correlation Path Total
PRARENSTA Q.277 0. 195 0. 1385
*HOMESTR 0. 33 0. 282 0.282
PARENEEH 0. 136 0, QE6 0. 066
*¥STSTRPR 0. 122 0,112 O.112
R = 0.415, R(zZ) = Q. 172
TABLE 3. EFFECT COEFFICIENTS FOR FACTORS INFLUENCING STUDENT
ATTITUDES TOWARD EDUCATION
Effect Coefficient
Factor Correlation Path Total
PARENSTA 0. 330 0. 171 0.231
*HOMESTR 0. 320 0. 143 Q. 230
PARENEEH 0.310 0.z216 Q. 235
*%¥PRSTR 0. 156 0. 038 0. 028
#PEEREEH 0.137 0. 050 0. 055
*TEAEBEH 0. 041 —0. 026 -0. 027
*STS5TRPR -0. 087 -0. 139 -0. 103
*S5TSTRCG 0. 403 0. 233 0, 293
R = 0,360, R(Z) = 0.314
TRABLE 4. EFFECT COEFFICIENTS FOR FACTORS INFLUENCING STUDENT
ATTITUDES TOWARD SCIENCE
Effect Coefficient
Factor Correlation Path Total
PARENSTA 0. 185 0. 0E8 0. 108
*HOMESTR 0. 186 0. 072 0. 126
PARENEBEH 0. 228 0. 167 0. 180
**PRSTR 0.181 0. 108 0. 087
*PEEREBEH 0. 153 . 043 0. 00
*TEQREH 0. 024 -0, 051 -0. 0351
*STSTRPR 0. 026 -0.013 0. 012
*#¥STSTRCG 0. 276 0. 196 0. 196
R = 0.378, R(2) = 0.143



TABLE S. EFFECT COEFFICIENTS FOR FACTORS INFLUENCING SCIENCE
ACHIEVEMENT
Effect Coefficient
Factor Correlation Path Total
PARENSTA 0. 250 0. 017 0.177
*HOMESTR 0. 249 -0, 0435 0.157
PARENEEH 0.147 ~-0.031 0. 086
*#PRSTR 0. 177 -0.021 0.017
*PEEREEH 0. 083 -0. 038 -0, Q02
*#SCHSTR 0,037 ~-0.021 -0, 023
CLASSIZE -0, 092 -0. 040 -0. 043
CLASTIME -0, 278 -0, 059 -0, 059
CURRICLM -0. 136 -0, 039 -0, 053
#TERSTR 0. 033 -0, 007 0.011
#*TEABEH 0. 182 0.079 0. 062
*#STSTR 0.719 0.571 0. 664
*¥%#STREH 0. 585 Q. 240 0. 241
R = 0.73&, R(Z) = 0.572
TABLE 6. PATH COEFFICIENTS FOR THE MICRO-ANARLYSIS
——————eeo__Predictors____________
Predictand (1) () (3) (4) (3) (&) (7) 8) R¢Z) e
*#STETRCG 13 . 16 . . . . . Q4 98
ATTEDUC 26 05 -14 33 . . . 29 86
ATTSCIEN =20 -19 =09 27 . . . 1€ 2
*%#STREH 04 =24 24 3& 10 2 . . 4z 76
SCIENACH . =17 14 57 . i1 18 0& €4 60
NOTES: 1. Coefficients are multiplied by 100,
2 Predictors: (1) PARENEEH

2) STUDSEX

(Z) STUDMARTR

(4) *8TSTRCG

(3) ATTEDUC

(&) ATTSCIEN

(7) *%xxSTBEH

(8) *TEREBEH

a4



TABLE 7. TUTQL EFFECT COEFFICIENTS FOR THE MICRO-ANALYSIS

— o e e o ot g o e o s s o S — ——— — —— — — S —— S S — — g— —
==== T R SR eSS EmE=E===

Predictand (1) (2) (3) (4) (3) (&) (7) (8)
*STSTRCE 13 . i€ . . . . .
ATTEDUC 3 09 ~-07 39 . . . .
ATTSCIEN 24 ~-19 -05 27 . . . .
*#*STBEH 17 -27 =8 46 10 21 . .
SCIENRCH 13 -24 27 &8 0z 15 18 Q&

NOTES: 1. Coefficients are multiplied by 100.

2. Predictors: (1) PARENBEH
(2) STUDSEX
(3) STUDMARTR
(4) *STSTRCG
(S) ATTEDUC
(&) RTTSCIEN
(7) *%x%STBEH
(8) *TEAQABEH
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