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1. DECEARCE RATICLALE

vy

rcthlem

The
The problem Is identified freom three percpectives: the sociologicsl,
ing recearch, and cross-cultural. The paper focuses on the problem of
Lrying to identify a set of ccourmen elerents which explain the variability
in the multiple subject-matter outcomes of scheoling. Four sociolcrical
:25es in cddressing this rroblem, and three assodiated consequences are
trietly referred to.

In the frirst place, the sociologists' primary concern in addressing
th:e cognitive outcomes of schcoling protlem has been to promote particular

chools of cociological/social gsychological +thought. Each school has
icdentified core cr rnore operationelized determinants of scholastic achieve-
rent congruent with its theoretical emphasis, which intervene between the
home backgrounds of pupils end their eventual cultject-matter competencies.

Cecordly, increased emrhasis on the inequality theme in education, has
resulted in clcse examinzticn of the stratifving effects of differential
CYOUD mem ships - sccioeccnomic status, sex, ethnicity/race, and inner-city/
suburban/ncnurten residence - on a range of intellectual competencies. The
notion is that equal educationael cpportunity exists, if, end only if, the
criteria used in determining educationni access and performance are made
without reference to grour r»mlershqu, that is, where group menmberczhip
nehool achievement relationships are effectively rero.

It iz neted, third, thet sociolopicel research into theve matters has
represented discipline-oriented, in contrast with pelicy-oriented, research.
Protlems originate in the discipline or, more accurately, the "schcol of
thourht' within the discirline. Research results are used to exterd dic-
ciylinary frontierc, to enharce personal academic rervutatiorns, and to main-
tanirn jrotitutional yrectige. 17The rules of the academic rames foverning
cerpetition for the scarce recources - ceolleafue esteen, interneticnal

recorniticrn, and research grantc - were plaved in the familiar academic

Yeurti, the larpe-scrle research efforts in thiv direction, and the

teot of carten-cory crmell scale studies which fullowed therm, are well ¥rnown;
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so are some ol the disappointing sociel policy interventions which flowed
from them. Ore consideration accounting for the discouraging results of
educational policies designed to reduce educational inrequalities through
the prorotion of compensatery educaticnzl treatments, is that few of the
sociolorically important intervening variables have short-term policy
relevance. Thus, though tiosocial, symbtolic interactionist or reference
group theories of scheool achieverment have generated operationalized inter—
vening variables such es (a) atilitv and motivation, (b) self concept and
teacher prophecies, (c¢) significant other's influence and erbition respec—
tively, they have proved lLittle more rmanageable bty policv-mekers and
educational practitioners than "fixed" or noncontrollatle social backgrcund
factors.

The doctrinal reacticns to educationel reforms by the ultra-conservatives,
of which the Black Farers in Englend are one example, and the new-parxists
cuck as Dowles and Gintis in the United States, has created ean urenticirated
rincer-like moveNent which remgins unchallenged ty the putlic schools. A
second consequence resulting from efferts to document school effectiveness
were the largely negative firdings of the Coleman, et al. (396€) report ard
the Jencks, et al.(1972) studr.

While crisis symptorms abound, modest hut positive responses representing
z niddle-way persict. (ne such procedure involves the monitoring of innova-
tive gocinl policy lepislation decigned to solve problems. Evaluation of
innovation yrovider ap jnforrmation baose which may lend to further inrovation
requiring further evalvation and co on - a procedure leading to prerressively
more rational solutions. The | ‘ernational Association for the Evaluaticn of
Bducntionel fchieverent (IEA) has a mandate, throush its charter, fcor cuck

~

action. I 8 series of recent technical reports the predictive value of

* IEA, incorpcrated in 1267 under Belgian law, ic & nonprofit, nongovernmental
orranizaticn which undertaher educational and releted reseerch on an inter-
national geale in eorder to (a) examine educational rroblems commorn to many
countries, and (h) to provide evidence which may help the improvement of
educaticnal systers. talor studies by IEA analysts include: Husen, (ed.)
veln. 1 & 7 (1967); the Ploerm Feport (19(9); Comber & Keeves (1973);
Thorndike (1973n); Turves (1973); FPearer (1975); Carrcll (1975); Tornev,
et al. (1074)5 Lewic ard laccad (207€): Passow, et al. {197€); and Walker
(1027 ),

65}



language factors in causal models of scholastic performance has been noted.
In particular, the impact of reading competency on rultiple subject-matter
achievements has been impressive.

Peading operates as an intervening varieble in the Structure of
scholastic performance in much the same way as some of the sociological
varizlles except that it may te several times more powerful. Thus, the
influence of social tackground factors mey be almost entirely mediated by
reading comprehension. One purpose of this study is to familiarize the
reading research community wéth recent IEA-related research in the reading
aren.

From a reading research perspective we note that before “he beginning
of the present decade, descriptions of the processes underlying the successful
acquisition of reading competencies were dominated by "basic skills" explana-
tions which were, for the most part, policy-oriented. Thus, the research
protlems examined originated in the world of the educational practitioner
ard the research r- .ults were destined for return to the real world cf
educational practice. D.H. Russell (1961) was representative of this approach,
which supported the notion that reading is best viewed as a precise process
involving the detailed and sequential perception and identification of letters,
words, spelling patterns, and large language units. The notion was congruent
with the belief that underlying comprehension in early reading are a number
of "basic skills" such as meaning vocatulary, word recognition, and grammati-
cal usace which constitute the key ingredients in the effective teaching of
reading.

W note, too, that psycholinguistic theories of reading tehaviour have
been formulated in the interim which, it is claimed, constitute alternative
explanations of the reading process (cf. Athey, 1971). We have been particu-
larly impressed by the seminal work of the Goodman's, with Carolyn Burke,
who stand with, say, Carroll and Smith, at the Jjuncture of two diséiplinary-

oriented traditions;3 nerely, that stemming from the work of cognitive psychol-

3 For representative examples of tre worlk of the Goodman group see K. Goodman
(1969, 1970, 1972), K. Goodmen and Burke (1969), Y. Goodmen (1971), and
Y. Goodman and Burke (1972). For other examples of work in the Fsyrcho-~
iinruistic tradition applied to reading see Carroll (1970, 1971) end Srmith
(1971, 1973, 1975).
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orists such es, Hochterg ani Kelers, and that stemming froz the work of
structural linguists such as Blocmfield, Fries, and lLefevre, and the trans-
formaticnal linguists such as Warﬁhaugh.h in contrast with "basic skills"

explanations, psycholinguists conceptualize reading as a selective procedure;
ss one in which the reader uses only part of wbat is on the printed page,
plus what Le already krncws atcut the structure of language, and whatever
hackrround knowledge and exreriernce he can rmarshal in order to gain meaning
from grerhic display.

Thus, the Coodman's rosit that recading involves more than merely the
identification of letters znd words plus their associated mesnings in 2
precise and sequential”manner. Father, they note and demonstrate that reading
involves the utilization of three cueing strategies in the selective process-
ing of ava%lable information; namrely, information involving (a) the configura-
tion of lefters in a line of print, sentence or paragrarh, {(b) the syntactic,
or grarmatical cues inherent in that line, sentence, or rparagraph, {c) the
semantic, or meaning cues asscciated with the reading material, and (d) the
interrelationships of (&), (bt), and (c) with the reader's background of con-
certual and language data.5

Just ac we suspect that language factor and social-psychological explana-
tions of subject-nmatter comretencies may be complementary explanations, so we
cuspect that "basic skills” and psycholinguistic explanations of reading
behaviour may be complementary rather than competing approaches. A second
purpose of Lhic study, then, ie to consider the contributions of reading
research to explenations of individuel variability in reading cemprehenciong
und the extent to which readins comprechension mediates the effects ol social
backpground factors on a range of logically distinct subject-matter outcomes

of schoalinr.

4 See, for example, Folers (19(9), Hochherg (197C), Hochberg and Breoks (1970),
Bloomfirld (19€1), Fries (16€2), Lefevre (196L4), and Wardhaugh (1069).

1

lote thnt matheratics is similarly involved with both syvntactic and semantic
cueing elementz along with the grapho-rhonic. It may be that rrctlem-solving
ckille - or intuitive understanding - so valued by the mathematices teacher
avourins “he heuristic mode of instruction, involves the simultanecus
sprlication of mathematical simtax cuas, mathematical semantic cues and
mathermatical pravhiec cues which the finodman' s show account for the develep-
rent of reading ceompetencies.
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Fror: a cross-cultural rercrective the questicon arises as to the repli-
cability of the basic model of the structure of scholastic rerformance,

c
formulated i nati 1 syster, i ulturally di vyste In
formulated in one national syster, in culturally diverse systems. In

{

particular, the guection arises as to the extent to which reading ccmpetency

n 2 consistent fashion across cultural

[N

ng varialle operates

[N

as an interven

toundaries to szccount for schooling achievements.

m

We repard such questicns az extensicns of the pioneerings work of Grav
(1956), who examined the behaviour and rrucesses in reading and writing in
different cultures; and, riore recently, &8s complementary to the comparative
reading ctudies by Thorndike (1973a) and Downing (1973). Like these prior
ctudiez, we anticipate that the present research will raise nore questions

a
than It resolves.

Fesearch Ot jectives

There has been no large-scale attenpt to ascess the relative effect of
reading as an intervening variatle in models of the structure of scholastic
rerformance in diverse cultural settings. In this study the suhject-rmatter
outcemes of interest are the natural sciences - phyvsies, chemistry, biology
- and rractical work. "International” variasbles - that is, varialles with the
sare metric, gathered by standardized instrumentes in different countries -
are used to provide z tentative answer to the question: Is the structure cof
scholastic achleverment in the natural sciences the same in Tndia - 2 Third
dertd country - nooin Bnedlond - on industrialised country-tor 1h yenr-old
boys? At this stage of our work the emphasis is a disciplinary cne. Though
we anticijate that the research findings Will eventually have signrificant
rolicy-making implications for actioh proframmes directed at within-system,
and within-school resource allocation practices, we do not address ourselves
to the jelicy implications of the findings in detuil.

In troad terms the chlective ot the study is to find preliminary answers
to severnl sets of perplexing questions concerned with the relative effects
of differential sccializaticn, language factors, and thinking starse explana-
tions of performances in the natural sciences. gpecinl emphasis is given to
the relntive effectiverness of reading corpetency as a predictor of sclhiolastic
rerformanec.  There auesticne include the folleowing:

1. To what extent is reading comprehension en independent function of the

social backeround charactericties of punils?

8



2. To what extent is reading comprehension an independent function of
(a) the acquisition of such tasic language skills as meaning vocabu-
lary, and (t) the rpupil's piagetian thinking stage?

3. To what extert do rexaning vocabulary and thinking stege Tactors
atteruate the relative effects of socloeconomic and other social
tackground characteristics of pupils on reading comprehensicn?

L, Tr what extent does reading comprehension, as a reasoning resource;
mediate the effects cf (a) background factors, (b) meaning vocabulary,
and (c) thinking stage; (i) for achieverment in science, (ii) for
achicvement in chemistry, (iii) for achievement in biology, (iv) for
achievement in practical work in science, and (v} for achieverment in
general science - a composite of (i) through (iv)? In other words,
to what extent is the covariance hetween every possible two-way com-
bination of the four natural science outcomes of scheoling, a function
of the direct and indirect effects of the background characteristics,
reaning vocabulary levels, thinking stage, and reading as a set of common
causes?

. Yhat are the gimilaritiesc and differences between 1k Year-old tovs in

N

Fneland and India rerarding the four aforementioned cbjectives?
The answers to these questions will provide additional insichts intc the
class-uLiased gchools thesis, the languape factor and learning thesis, and the

thinking stage and science achieverent thesis.

Lxplanationo

In this section of the parer three commonlv-asserted arguments promotive
of cchelastic excellence are examined. Though the proponent: of these argu-
rents tend to ascure thet each represents a discrete perspective, thev will he
treated eclectically for heuristic purposes. The explaraticns are referred
to as: {a) the cocializing differences argument, (b) the lanfuare factors
arrurment, and (c) the thinking stage argument. Underlying these arguments is
the cormon theme that the family and the school successively and jointly
provide the treatments whereby the biolosical, social psychelogical, and
2coromic raesources o childrer are converted into scheol-related competencies;

which, in turn, conztitute the resources convertilble throurh avpreoprinte
3 ] A Pt L
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orrortunity Structures into subsequent socioceconomic career attainments.
Thus, for example, if reading in the Thorndikes' (1917, 1973-TL) sense, as
reasoning, is distributed unequzlly, its translation into suhject-matter
rerformances will te distributed unequallsw.

1. Secialicing Differences.

The sotlialization arpgument is based on the simple premise that there are
conzideratle within- aznd belween-group differences in child rearing: expecially
in terms of the learring envirorments, ard the associated economic znd psycho-
logicnl surport conditions, rprevided within the family. Such differences
frovern the impact of schooling on the cognitive, affective, and conative cut-
cores of schcoling. The notion is that the child's resources are converted
into additional resources (ascets or liabilities) through interaction with the
within-classroor learning environments. Eventually, the effectiveness of the
wWithin-family and within-schoel socializing treatments determines the varia-
ility in the zero-sum distribution of scarce sccietal resources such as school
achievement, sociel prestige, and income. C(Cne such zchool related and, hence,
relicy manageable resource, is reading competencyr.

The extreme sccializing differences pocition holds that a child's prorress
through school is more a function of social class - the father's status in the
occuputional order - than of rmeritocratic criteria such as ability, eftort,
~nd motivation., The three factors which are commenly used as measures of the
effects of social baclkerounds are father's occupaticn (the socioeconomic status
“nrinble), mother's and father's (or parental) education, and the tamily con-
Plhrreration (the pumter and spacime of ¢hildren).,

It meaning vecabulary terms the effect of the socioeconomic variable is
attrivutelle to the fact that jyociceconomic status is & proxy for envircnmental
complexity wnd cultural enrichment. Thus, it is noted, in the first instance,
that children from rclatively complex home socializing enviromments have the
cprortunity to develop more precocious meaning vocabularies throush the necessity
¢ tejng initiated irto the coprorn languape meanings that such environments hold
for their retbers, 1n the Seccond place, it in noted that material deprivation
i+ hirhly eorrelated with cultural impoverishment - at least in those economic
syoters with hiplhly develored cormutatjve nechanisme - and that the child's
cultural clrcumstancen will deterrmine the opporturity at here for learnine and

practieing cchool-rolsvant bvohavicure.

10



O

ERIC

Aruitoxt provided by Eic:

\O

In reading comprehension terms, though socioceconcmic status will have
modest net effects on reading, its major impact will be an indirect one as
mediated by the meaning vocabulary variable.

A sinilar logic prevails in the case of the other background factors
- rarentsl education and family configuration. Thus, children whose parents
are well-educated and, hence, highly articulete, are likely to utilize more
precocious language skills and codes than children whose parents are less

well educated, ceteris paribus. It is believed, therefore, that the importance

of early language learning for intellectual growth is more likely to be stressed
and recognized ty well-educated mothers; that these mothers will be more skill-
ful in the transmissicn of the primary learning elements required for decoding/
encoding precocity, than their less well-educated counterparts.

The fumily configuration sﬁb—argument (zZajonc and Markus, 1975; Zajonc,
1977) is based on the postulate that different family configurations constitute
different intellectual environments; hence, formulation of the proposition that,
if the intellectual environment is the aggregate level of all family members'
absolute intellectual contribution, then not only does it chaage continually
as the childfen develcp, but is a function of the numbter of additions or
departures from the family and the spacing of children. The intellectual
environment of the farily is captured by the family configuration variable which
will be related to vocatulary, thinking stage, and reading resource acquisitions
of children.

. The Lanpuace Factors Arpument.

Framily cocializing diftferences explanations address the question of how
family envircmments both account for and translate the unequal biolegical,
linguistic, and socioeconomic resources of children into unequal educational
attaimments. Lanruage factors such as those represented by "basic skills" and
reycholinpuistic explanaticns of reading competency constitute the basic learning

escurces of children. Thece language factors include tlie cueing strategy var-

]

iables - grapho-phonic, syntectic and semantic cuez - and the "basic skills"
variables - meaning vocabulary, word recognition, and grammatical usage - though
their interrelationships in terms of reading comprehension outcomes are im-
rerfectly understood. levertheless, they constitute linguistic rescurce assets
which are inequitably distributed and which ncccunt te some considerable extent

Jor the fact that children cntering school each year dc sc with ditfferent levels

11
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of the resources required as rrerequisites to successful performances during
the yeer.

In the general case, the greater the linguistic resource assets of the -
pupil in terms of coping with the progressively more complex environments of
the schecol - especially in terms of subject-matter complexity - and the more
effective the teacher treatments in relation to these primary resources, thé
greater the probability that the individual will receive preferred treatments
in the different settings at later grade levels. It follows that the primary
linguistic resources are translatable in school settings into additional
resources such as reading competencies, which in the form of "reading as
reasoning” constitute a secondary resource asset. Reading on a priori grounds
is a common cause cf the multiple subject-matter achievements of pupils at the
upper-elementary and secondary school levels, It is the relative magnitude of
this dependency which is ascecssed in the present study.

The dependence of subject-matter performance on reading resources has been
demonstrated in several studies. Thus, llauser (1971, pp. 77-80) showed: (a)
that the reading comprehension of Tennessee high school students was a power ful
intervening variable mediating the distal effects of family background factors
and mathematics, and (b) that the directior of the relationship was recursive,
not reciprocal. &imilarly, verbal reasoning is shown to mediate background
variables and the relative imypertance of parents, teachers, and peers as scurces
of pgycholegical support in accounting for the observed educational inequalities
of Canadian high school students (Williams, 197°).  E.L. Thorndike (1073a, r. 160)
notes that inequalities in scicnce and literature achievements ayre mediated by
reading comprehension, and postulates that reading plays a kev role as a pre-
dictor agent for more specific subject-matter areas.

The linguistic factor thesis has been powerfully demonstrated in causal
rodels of school achievement in literature by Bulcock (197L), and Bulcock and
Finn (1975). fThe importance of meaning vocabulary levels as predictors of the
multiple outcomes of science rerformances - physics, chemistry, biologv, and
practical work - has been shown in & series of multivariate models by Finn and
Mattsson (1974). Both meaning vocatulary levels and reading competencies were
showr. to be powerful intervening variablesin multivariate models of the structure

of scholavtic perfermsnce in science and literature bv Bulcock (1976) and

12
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Instrurentation questicrs are btriefly taken up in technical arpendix Aj
ani the statistical results are precented in the Tatles of technicel apprendix
e It ig hoped that bty relepratine routine procedural matters to the appendices

ttev will, tlhereby, -t interfere with sutstantive cencerns. The evidence con-
~ L] N

therety rrecented for the expert, tut not irn a way which intrudes cn, or
irhivite, corsideraticn of mcr= central cecncerns.

Fcr the most part asnelyses revolve around the develcpment and test of
structural equation models (e.z. Plalock, 1971; Durcan, 1975) desigred to te
izcmerpric with the auxiliary rodels and the vertal theories explaining the
acpects of reading und zcience performarce under exarmination. Recursive models
are tested throurh the eztirmation of rmodel parareters using path analyrsis
(Wright, 1974 Duncan, 19C(), which is a generalization of multiple linear
rocrecsicr, ectimaticn rrocedures te systcﬁs of cwmusally related variablcs. The
jrrareters sre ectinmated as partial regfressicn coefficients and interpreted
ar mearures of effect,

The unstandardized regrescicn ccefficients of all intervening variatles -
reaning vocatulary, thinvire stare, and reading corrrehension. - are allowed to
nrsure a2 cul'stantive mearing that is uncermmen in studies compeosed of set:s of
variables, each characterired ty a different metric. This is tecause thewv are
tc be jryutted ms percer*sares in a model where the four dependent variables are
Aloe prrcentase mencurer.  nus, 4 unit ckanee in, ooy, reading corprehiencien,
will rerer t2 oA pereentnre tnit.  Cince unctandardized ccoefficients are inter-

1rotable ar the unijue influerce of a variatle, given conirols over other variatles

*

ir tte rmodel, *he firiings mey te interrretatle in such terms as: an "x" percent
‘ryrovesent in readins ccmprehension will produce an "x” rercent irrrcverert in

rhysics, ceteris paritus, and =0 cn. OSince the effects are edditive, the

rztiralicn cf She effects ~F ceveral predicters simulterecusly rakes it possitl

¢t~ egtirate reccurce cocts in terws of expected natural sclence cutcomes.

N fe 2
ir.to three (rieyperier
- N - 3 & N -
et ari [~ g moTeceucal sTuricuz corponernt. The {irst (wo esementis (a and b)
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TCls lles in the fact that the;- represent exact estimates of the tctal
relative impact of explanatory variables on the outcomes of interest. 'TCEs

ray be ranked for corpurative jurroses.,

Findings
1. Englond.

cerc-order relations are presented in Appendix B, Tatle B-l. It is noted
that the atscclationg tretween reading end all science subtests is greater than
J.%5 arnd that the reading-overall science perforrmance relaticnship has a
correlaticn cceftficient grenter than C.7. The relationships tetwesn tackeround
fa~tors and natural rcience performances are as hrpothesined. Thur, the
contticierts in the 0.3 ranre for the father's cccupation - natural science
and father's cccupaticn - reading relationships are atout the sare order of
munitule as these rejorted in other irndustrialized nations (cf. Rehbere and
Fosenthal, 1975).

e thirring ctare varialle is stronrly auscociated with aclhiievements in the
nntural cciences with most ccefficients in the 0.4 renre. It is uceful to note
that the piagetian variable is not overly deterministic - a fact prchatly
dermoncirating that natural ccience rersterrances in school zettings do not alwayrs
depend on the apprlicaticn of higlier order thinking processes; or, otversely,
that rote reball and knowledee of mere inforraticn will go & long way in sore
schocl rrstens to account fer ccognitive achievenents. The high correlations -
itn the N5 ranee = letwron resping voentulery and cubtest performances in coience
ie prarti~oulnrly neteworthy in view of the e~phasics placed on lamsuare fectors
exyiaraticns,

The advantare ¢f Tatle B-C is that the ctructurel ceefficients may te
irteryreted as reasures of the unique influence of a variable, given controis
cver the cther wvariatles in the model. For exarple, tecause all ihe endcgencus
varialles in the rcdel - the intervening variebies and the outcome variablies -
nre tercentace sceres, the regression ceefficients ray te interpreted ac follows:

Ad . . . P . : ~ "t
ar. "x" percent irrreverent in, say, reading will likel; jroduce an x percernt

3y - - b b -
ryroverent in gowe cutceme - cav, cverall science pertforrance - cete

is raritus.

a

r
Take the colifrnce cutzcrme in Table ¥, Cclurn 1 oIn seience provides th

"

- ~
2. C5

4

. .. . e . )
Yorrecsion creffiscicnts for each ¢f 4Ve rredicter vnriasbleg in the e
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scholastic performance.
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With the important exception of the three source

variables (FATHOCC, PARED, AND CIBSZ) the remaining predictors lend themselves

to the following interpretation: a ten percent improvement in reading compre-

hension will produce a L.h8 percent improvement in science performance, ceteris

paribus. Gince the model is an additive one it is possible to interpret the

effects of reading and thinking in the following manner: if as a function of

teacher treatmentS and pupil effort a ten percent gain in both reading and

thinking performances was accomplished the net expected gain in science per-

formance would be 4 21 + 1.82 = (.03 percent.

School systems knowing this kind of information could eventually estimate

how resource costs might be weighed against expected outcomes in their planning

of grhool curricula, If it were thought that language factors were more policy

ranageable than thinking stage elements - e.g. more responsive to tescher treat-

ments and the conComitant pupil effort - the expected impact of the combined

languape factors might be contrasted with the combined impact of reading and

thinking. 1In this hypothetical example the language factors account for

effects of .136 + L21 =.557 (versus .182 + W71 = .603) on science performance.

The difference {.0Lf) is modest,

The decision to emphasize the teaching of

the lansuage arts ineluding reading might be a sound one if thinking stage

2lements prove less amenable to teacher treatments than language factors. There

can te little doubt, however, that the teaching of reading is of crucial

importance in terms of pupil achievements in the natural sciences.

The relative effect of & predictor variable - i.e., relative to all other

mo-iel predictors = iz ae0ted in cclumn 11 whiech reports the path coefficients.

It 15 noted that 1In zrrrs of overall science achievement reading has the most

rowerful net effect, (.LA8T), relative to the other predicators; followed by

tiinking (.225) and reaning vocatulary (.178) in that order.

Reading has more

than twice the imPnct cn science than the thinking variable; and, incidentally,

eight times +he impact of father's occuration cor any other btackground variable.

Since some of the effects of the rmore distal Tactors are mediated bty inter-

vening variables, their

basis of an examinaticn

- 2
~ulated (7o' ie +=7) and
~f the TUFs lies iy e
relative irmpact - bash

+otal causal infliuences may be underestirmated on the

of their s*ructural coefficients.

Fellowing Finney

effoct {TCh) of each rredictocr in the model is cal-

ranked for comparative purposes (Table B-i).

tant

L]

‘ha* they represent exact estirates

ard indircct - or the cuteores ofF
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From Column 4, Table B-3, one rotes that the direct effect of father's
occupational status on science is a modest .058; whereus the total causal
effect - the direct ~ffect, plus the effect of father's occupational status on
science as mediated Ly the intervening variables VOCAB, THINIK and READ - is .259.
Thoush the TCE of FATHOCC on CCIEHCE is considerable, it is shown in Table B-k
that the TCEs of VOCAB, THINY, eand READ are even greater. Cimilarlyv, it is
chown in Table B~k that the impact of the variables sterming from language
factor and thinking stage explanaticns for the English data is consideratly
frefter than for th.se sterming from csocialiczing differences explanaticns,
<. India.

It is noted from the correlation matrix (Table B-1) that reading - natural
teience relationships in India lack uniformity. The correlation between reading
ard tiolcey is .IT; correlations between reading and physics, and reading and
practical work are in *he 0.3-0.4 range; and those betweer reading and chemistry,
and reading and total science perforrance in the 0.L-0.5 range. Though the
sirnificance levels were legs than .001, the unanticipated range in the magni-
tudes of the scores remain difficult to e.plain.

Correlations between haclground variablec and natural science perforrances
were well telow those anticirated. While findings regarding the effects of the
tlinking stage variable were less rretlermatic, the rodest strength of the
assuciations (from .10 to .25) should be noted. The range of zerc-crder rela-
ticns totween reanins vocglulary on the one hand, and the natural science
fwehicvements on the other, wer consistent with the lanfunpre factors explanaticn.
Telde P=loevidenee 14 suprertative of the conplementarity thecic, where it iw
rcted thatthe effects of the thinking stage variable on all natural science
outcores except practical work are statistically and substantively sifnificant
over-and-abteove the effccts of the lanpuage factors exrlanaticns.

Exanireticn of the TCEs of the source variatles in India (Tatle E-3) confirm
the rerliritle effects cof rackeround factors noted frem their =ero-crier reasures
cf asccciation., In fact the family conficuraticn varial'le hai negligitle effects
«r mll erdcgerous variastles. The TCEs of intervening variables, with the excep-
ion ¢f thirkirn:- as a predictor ¢f readings and rractical work, were either
roderate cr ztrens 'ost were in the 0.0 to 0.4 range arl suflficient to te

carce. A11

[WN

e . s et e
Ag well an rtstistical, eipni

theze relaticnshirs were In 4he hirctrecized directior.
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llote that in TCE ternms the effects of the meaning vocabulary variatle
outranted all other effects on the natural sciences. TCEs of the reading
variable were in second rank (Table B-k) and thinking stage influences were
in third pilcce. 'The impact of the intervening variallec on practicel work in
science were, howrver, noticeably less rowerful than on physics, chemistry
and biolegy.

3. England/India Comparicons.

Gimilarities clearly outweigh the differences. The most important
differences to be noted ccrncern the socializing explanation. Whereas the
TCEs of father's occupaticnal status in England on all endofenous variables
were significant - six out of the eight relaticnships in TCE terms were
groater than 0.2 - the sare was far from the case in India. Two of the TCEs
of father's occupational status in India were negligible; only cne was above
0.1; and the remainder were between .05 and .1 which is regerded as teing of
marrinnl substantive signigicance.

The effects of parental education in the India sample were similarly
modect. Impact on mecaning vceabulary, thinking, and practical work was
negligitle. Theugh in chemistry a TCE of .113 was recorded, the remaining
relationships were of marginal importance. Cince all the numter of children
TCEs were negligible (Table B-h) the variable effectively played nc part in
uccounting for the nnturnl science cutcomes. Cuch a specification errer -
that of erroneous inclusion - rmar te rectified ty respecifying the rodel as
in Figvire =1, In the respecificd Indin rodel the voeatulary ond thinking
variables nre chewn ac source varialbles since there are re assceintive
relationchips between them or between ther and the rermaining tackeround
factnrs. This leaves reading ac the only mediating variable tetween four
scurce verisbles and four natural science cutcomes. The evidence supports
this necdel respecificaticn as beins the rmost accurate represertation of the

v

structure of scholactic rerferrarce for 1b year-cld tors in Hindi-spearing

-

.. f
Trdin.

)

details for the 3 stare sarpling dezign for the €
crarrled. There states contain aprroximately L1% of

21
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A secend difference between the countrioes concerns the extent te which
antecedent variatles account fer variance in natural science outcores. Though
in both countries the nodel iu orvicusly an effective one for accounting for
scienee achievermont, the explanatory power of the English application
(1oope = S0.%) is grenter than that of the Indian (100R? = 35.9).

Uinmilar differences are noted ip terms of the extent to whizh the antece-
dent variatles constitute a set of common causes accounting for the covariation
tetween suttest performances in the natural sciences. Thus, it is ncted from
Table B-€ that with the exception of tbe cherigtry-biclogy relationship the
tredictors in the knplich medel of scholastic performance accounted for greater
prerortions of the covariance tetween raotural science outcomes than did the
cormon rradictors in the India model. The Tedian prorortion explained in
brgland wos .45 and in india .38.

The three noted differences should not be exargerated.  Except f'or these,
the model of scholastic achievement in the natural} sciences operated in the
Iredictable way in toth countries. Feadine in Enrland was consistently the
nost powerful predictor of science achieverents; and the same was true in
indin with the exception of performance in bioleogy. Fost of the time, the
thinkinr stape varisble had the next poct rewerful net effects when simul torne-
ocucly considering the erfects of all cther svstem veriables., Thinking was
only merginaily abead of meaning vocarularly influences in terms of direct
~ffectz. When the indirect effects of meaning vocatulary on natural science
terforrances as medisated hy thinkine and readine qpn corsideread an in Table P2l

Ul ahewn thet it TCHS in Lot Frye-lnnd wnd Indgin ranh in riest place,

ITZ. THTERPRETATIONC

Thecretical Imrlicaticns

In Engcland, tud not in India, reading was significantl: influenced b
varintles grnerated tv sccializing differences arguments. Even in Fngland the
direct effects of tle three farmily tackeround variagbles on reading were of
modest macnitude.  Their total causal ef'ects, however, were cevers! tires

larger as shown in Table =3, Cince the TCE oF fatrer's cccurnticrel status

< a5

22

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

on reading for the English cample was considerable, the question arises
whether English schools are c¢lass biased institutions; that is, whether socio-
economic status is more important than merit in determining school achievement.
The irrortance of the question stems from the fact that if English schools
are class biased the societr! effort necessary to implement educational reforms
will be of a different order of magnitude than if the schools themselves cone
trol the reformist mechanisms. Packground variables are not in the short term
arenable to policy intervention. To clarify the problem three sources of
evidence are available. First, zero-order relationships are presented between

the first five predictor variables in the model and reading.

TABLE 1

CEVO-ORDER RELATIONUHIPS BETWEEN FIVE PREDICTOR VARIABLES
AID KiFADING: ENGLAND/INDIA/U.S. COMPARISONG.®

Relationchip England India u.s.
T 205 .013 .306
T 129 -031 .310
36 -. 166 .033 -.096
rie 6L .36k 66
RAEE .305 - 087 (1)
" Where ¥y o= FRIIOCC, X, = PARED, X3 = SIPNZ, X, = VOCAE, ¥g = THINK,

and I’.C = READ.

b he Teg, relationship is not available for the U.S. The THINK variatle
was constructed from the distractors (o four science test items, tut in
the U.S. 1b year-olds who wrote the IEA science test did not write the
IES reading comrrehension test. This means that the structure of
scholactic rerfermance rodel cannot te tested using the IEA-U.J. data.

Data in Table 1 from the IEA U.S. sample is included for comparative
jurpeses.  Uecornd, the direct effects cf the predictors are shown in a path
rodel (Figure 2). 7Third, the tctal causal effect ccefficients of the rre-

dictors rreserted in Tntle B-u are comrared.

23



FIGURE 2

PATH MODEL OF KEADING COMPHEHENSION IN ENGLAND AND INDIA®

¥, FATHOCC

.2k
"-17 .36
. .Oh

-.0? R
-.0131
027
X4 SIBSZ > .
.18
.558 A
>'OP .360
X), VOCABﬁWr'/‘/} n
190
.189
29
11 .01‘8 (XG)

026 .733(R2=.463)
°6 .929(R°=.137)

' Pulh coefficients are presented above the paths. The top coeftricient is ‘
for Fneland in each case. The regrecssion coefficients for VOCAB and
THINK only, are presented btelow the paths (cf. Table B-2).

The zero-order relationships between father's occupation and reading,
and meaning voecatulary and reading, are the same in the industrialized nations
of Fnrland and the U.S. PRelationships between parental education and reading,
ard between number of children gnd reeding are different in the industrialized
rations. Though different tackground variables have different effects they
are all outranked in magnitude tv the effect on reading of the meaning vocat-

ulary variable.
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£ more stringent test of the class bias thesis involves examination of
the relative effect of each predictor while simultaneously taking other predictors
irto eccount. Ouch a test is presented in Figure 2 where it is shown: (a) that
father's cccupational status is a more powerful predictor of reading than the
other background factors, and (b) that the effects of meaning vocabulary and
thinking stage variables on reading are cver six times and twice as powertul
respectively as the father's occupation variable.

It must te rccognized, however, that some of the effects of the background
factors on reading are indirect. For example, father's occupation influences
meaning vocabulary; similarly it influences thinking stage development; and it
influences reading via these mediating pathways. In view of the potentially
powerful indirect effects of the background varianbles it becomes important to
examine their total causal effecctr as presented in Table B-b. It is noted that
the direct effects are underestimates of the total effect of the background factors.

Nevertheless, Table B-L evidence does not support a class biased inter- .
pretatior, tut rather a language factor tias. The TCE ranking of FATHOCC is
behind that of VOCAB, tut more important iz the fact that the TCE for FATHOCC
iu less than half that of VOCAE. It is inferred from these (Table B-L) results
that the three explarations are complementary not competing notions. They
are necessary, tut not sufficient, for explaining variagbility in reading in
Enrland. Though socializing dit'ferences variables sre of substantive impor-
tunce their impact is less than that of either the meaning vocalulary or the
thinkire stoge variables. One cannot reasorably conclude from this evidence
that relich cchoola are clacs biased,

Application of the same logic to the English natural science outcomes
results in the same conclusion in so far as the class bias thesis is concerned.
“hat seemz problematic is the failure of the socializing differences explana-
tion in the case of India. The effects of the social background varisbles on
meaning vocabulary, thinkine, and reading are negligible. Literally, this
reans that in India neitiier the material circunistances of the hcme, nor
differences in parentel education, nor the family configuration in terms of
size, have effects cn variation in meaning vocabulary's, thinking stage, or
reading comprehension. @n the other hand, thinking and reading are influenced

tr meaninr vocabular::,

25



Several ex-post-facto considerations are compatible with these findings.
In the first place, it is conceivable that the effects of social background
factors may already have occurred prior to Indian school children reaching
the nage cf fourteen. Cecond, Thorndike (1973b) sugrests that reading perform-
ances in India were sufficiently low that the children were unable to read
the student questionnaires; that, therefore, many students resorted to
random guessing. On the other hand, the language and thinking stage arguments
were supported. For purposes of analvsis those students reading below a
designated level of performance were eliminated from the sample asg is pointed
out in Appendix B. Fecr these reasons the random fuessing explanation might
te discounted.

Third, it is important to note that describing selected characteristics
of a family is not the same as describing the socializing mechanisms; that is,
liow a family socializes children. It is conceivable that family character-
isties in India fail to operate as viable proxies for family socializing
treatments as in industrialized nations. Alternatively, there may be no
significant differences in the socializing treatments preferred in Hindi-
speaking India on the basis of socioeconomic differences; in which case the
support for a null hypothesis is real, not spurious. Before reaching such a
conclusion, however, further reséarch is desirable. It is prudent not to pre-
Judge in these important mattrrs; and especially because gsocializing differences
explanations of natural science performances in India are viable. Note from
‘'able B=l the TCL's of faiher's occupational status on physics, and overall
scicnee performances; and the TCE of parental education on chemistry,

The fourth objective of this research is important because it concerns the
relative effect of reading performance on natural science performances while
taking other determinants of science achievement into account simultaneously.
Another way of stating the ohjective is as follows: to what extent are
socializing differences, language factors and thinking stage explanations of
achievements in the natural sciences complerentary or competing arguments.

As wes pointed out in the findings section the three arguments in the case of
both ccuntries are complementary - each has to te considered. 1In view of the
magnitude of the independent effects of reading on science outcomes, however,

the relationship deserves special consideration.
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Attertion might te giver. to the politiczl implications of these firndings.
Individuzlly reading teachers play crucizl roles in the initistion of pupils
intc tze logic of reazsonirg. Collectively reading teachers represent a
pewerful political force. The evidence suggests that tkere may be no —~ore
suttle way cf impoverishing tre cultural resources of a society than Tty
placing coustrairts cn the orportunities that ckhildrern have fer learning how

o read. Ccnversely, trhere would seem to te no more effective way of liber-
atirg the intellect, of overcoming cultural impoverishmert, than through the

develcrrent of rezding corretencr, and ipso facto of reason.
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TECHNTCAL APPENDIX A: INSTRUMENTATION

The purpose of this appendix is twofold: a) to describe the ten variables
constituting the anxiliary model, and b) to present their frequency distribu-
tions. Where possible, the data for England and India are interposed for
ease of comparison.

(1) Variables

X1 FATHOCC - Father's occupational status. Each national center partici-
pating in the stage two, three-subject survey was asked to design 1ts own
occupational status scale on the basis of whatever national norms were con-
sidered most valid. 1In England, the procedure adooted was one in which
professional, managerial, and business owners were ranked in categories 6 and
7; clerical workers, supervisory personnel, and service workers, in categories
5,4, and 3; skilled blue collar in category 2, unskilled manual workers and
unclassifiable personn21 in categories 1 and 0.

The father's occupational code, adopted in India, was more precise in that
nine categories were employed. The differences in coding, attributable to
the different economic systems in the two countries, made direct comparisons
impossible. 1In India, professional, managerial, and semi-professionals were
ranked in categories 9,8, and 7; small businessmen, large scale farmers and
clerical workers in categories 6,5, and 4, semi-skilled workers, farm labourers,
and unskilled labourers in categories 3,2, and 1, and those without occupations,
or unclsssifiable,, were coded zero.

X2 PARED - Parental Education. Both mother's and father's education were
scored on a five category scale in terms of years of schooling: O years, 1-5,
6-10, 11-15, and greater than 15. These variables were added in order to
estimate parental education. The variable was constructed in the same manner
for both countries.

X3 S1BSZ - Number of brothers and sisters. In both countries, the variable
was operationalized by the question: "How many brothers and sisters have you?"
The response categories (1-5) were: 0,1,2,3,4 or more.

X4 VOCAB - Meaning vocabulary. The TEA word knowledge test, after correction
for puessing, would seem to represent an accurate within-country estimate of
a pupil's meaning vocabulary, and might be considered an acceptable proxy of
verbal ability (Thorndik:, 1973a, p. 36). It is assumed that the variation in
test scores from country to country was a function of shifts in the discrimatory
power of some of the 40 test items after translation. Nevertheless, within
country discrimination was satisfactory as indicated by K-R formula 20 reliability
coefficients (Kuder and Richardson, 1937) of .833 for England and .812 for India.
Raw scores in both countries were converted into percentages.

X5 THINK - Piagetian thinking stage. Following Bergling (1974), item
anialysis data derived from multiple-choice items on the IEA science test were used
to construct a piagetian thinking stage variable common to both English and
Indian populations. The variable structure was established by means of scalogram
analysis (Guttman, 1950). The analysis is designed to examine the relationships
between the scale items in which a perfect scale is one in which a person who
passes an item of given difficulty will also pass any other item of lesser
difficulty. Conversely, an individual who fails an item of given difficulty will
also fail any other item of greater difficulty.
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Three considerations are briefly taken up:

Consideration 1 - ordering response categories.

The scieace test items had five distractors or response categories which
would be ordered on the items selected for examination in a sequence from
highest co lowest. Piagetian theory dictated the three category order:
where (3) was classified as formal operational thinking, (2) as concrete
operational thinking, and (1) preoperational thinking.

Consideration 2 - classifving distractors.

The validity of the constructed piagetian variable will be unacceptable
unless the clagsifications are correct. The usual classification of dis-
tructors is into "right" or "wrong" answers. The classification formal
thinking, while always connected with the usual classification "right",
could also be connected with a distractor with the usual classifi-
cation "wrong", where the item in question could be classified as a logically
correct response. More problemmatic perhaps was the separation of distractors
normally classified as "Wrongs'" into pre-operational thinking and concrete
operational thinking. What is important to note, however, is that "wrong"
classifications in the sense of a distractor being an incorrect answer to
a question could be an indicator of formal thinking; thus, it was possible
for a student ywith little formal knowledge of science to be classified in
the formal thinking category. It follows, then, that a student who failed
to obtain the conventionally "right" answers to the scale items could still
glve the logically correct answers, thereby obtaining a "high" thinking stage
score.

Consideration 3 - scale reliability.

Following Bergling (1974, p. 36) a scale was accepted as acceptable if it
gave a coefficient of reproducibility of %80 even though the general guideline
glven is that a coefficlent of reproducibility greater than .90 indicates a valid
scale (Green, 1954, p. 356). This optimum figure is desirable because
coefficients in this range have little error of measurement because sampling
variance is small; hence, their high reliability estimates. MNevertheless,
coefficients of this magnitude are rare in the empirical literature.

The scale adopted in this study was originally developed by the first
authors for 14 year-old boys and girls in Sweden. It was arbitrarily
applied to the Fngland and India samples. Though the resultant scales are
judged adequate for the purposes of falsifying the hypotheses generated by
the structure of scholastic performance model, further manipulation of some
of the item cutting points should result in improvements in the magnitude
of the coefficients of reproducibility for the two nations.* For the expert
reader, the three coefficients - minimum marginal reproducibility, the
percent improvement, and the coefficient of scalability - are also provided
as alds to evaluating the scalability of the items.

*Dr. Glen Clarke - a Memorial University colleaque - has recently achieved
coefficients greater than ,88 for United States and English data and .80 for
India data. These results were obtained too late to rerun the analyses
reported in this paper involving a more valid and accurate "THINK" variable.
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TABLE A.1l.

Coefficients for Scales based on IEA Science Test Items?:

COUNTRY COEFFICIENTSD

1 2 3 4
England .811 .670 L1641 .427
India .765 .675 .090 .276
U.S.A.C .851 .723 .129 A

a) Results are for those boys who could read. The readability criterion was
a score greater than one on the reading comprehension test after correction
for guessing; where the correction for guessing formula was R-W/K-1 (R =
no,correct answers, W = no, wrong answers, K = no.alternatives in multiple
choice items).

b) coefficient of reproducibility
= minimum marginal reproducibility

percent improvement

1]

SHwWw N =
[]

coefficient of scalability

c) U.S.A. results are provided as a second industrialized nation referent.
They may provide some further reassurance that models of the kind being
tested remain stable despite being tested on data from a variety of
nations. It is unfortunate that at the present stage of the ongoing
research, an additional Third World referent could not be provided.
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Because thinking stage is regarded as a partial function of age, the
variable was transformed into a thinking stage quotient by dividing the
absolute thinking stage score by the respondent's age in months and
multiplying by a constant so that it became a percentage figure. Thus,
thinking stage is not an absolute quantity but, rather, a quotient or
quantity relative to age varying from a low of zero to a high of one
hundred.

Xg READ - Reading comprehension. The Thorndike (1973a, Chap. 2)
reading comprehension test, corrected for guessing, was used in two ways.
First, it was used to define illiteracy in order that illiterates could be
eliminated from the samples. The correction for guessing formula (see
footnote (a) to Table A.l above) allows for a score of 0.0 by random guessing.
In order to permit the study of the largest possible samples, the liberal
cut-off point of scores greater than one was used. This eliminated 100 -
(1289/1821) x 100 = 29.2 percent of the India sample, and 100 - (1419/1474)
x 100 = 3.7 percent of the England sample. Secondly, the test was used as
the measure of the reading comprehension variable. The tests consisted of
reading passages followed by multiple choice questions designed to cover a
wide range of reading skills. The K-R 20 formula provided reliability
coefficients in England of .887, and in India of .684. The India K-R 20
coefficient might not normally be regarded as high enough to permit useful
studies of individual correlates of reading. 1In the present instance,
however, the non-readers - 29 percent of the total — were eliminated from
the India sample. By definition, reliability is the tendency toward
consistency from one set of measurements to another. Undoubtedly, much of
the unreliability of the reading test in India was attributable to the
presence of pupils who randomly guessed at test items because of their
reading disability. By eliminating mere 'guesses'" from the sample, it
is predicted that the reliability of the test sample would approximate the
median reliability of .85 for the fifteen IEA countries taking part in the
reading survey. Note that the corrected reading score was transformed into
a percentage figure.

X7 thru Xjp9 ~ Physics, chemistry, biology, practical. The test items
and the test construction procedures of the IEA science committee are
described in (omber and Keeves (1973, chap. 2, Appendix ix, and xiil). The
overall science test score for each child was based on an additive combination
of four sub-test scores in physics, chemistry, biology, and practical work.
Only about ten questions were related to each subtest area in order to limit
testing time to about one hour. The result was that subtest reliabilities
were on the modest side, though, the overall K-R 20 reliability coefficient
in science was high enough (median value = .83) to permit useful correlates
of it. The relevant science test reliabilities for India and England are
provided in Table A.2. All subtest science scores were converted into
percentages.
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TABLE A.2.

Science Test Reliabilities for England and India (Kuder-Richardson 20)a

TESTS ENGLANDb INDIAb
Science Total .89 .78
Physics 72 ‘ +56
Chemistry .70 .52
Biology .60 .32
Practical .68 “ .48

a) Source: Comber & Keeves (1973, p. 396)

b) In both England and India some boys were included in the samples even
though they fell outside the age range (1-.0 - 14.11). These "outsiders"
were eliminated from the test sample. Similarly, illiterates were
eliminated. Since the eliminated pupils were likely to constitute the
majority of the random guessers,it is predicted, but not demonstrated

here, that some of the moderate sub-test coefficients will be strengthened
by their elimination from the test sample.

(2) Frequency Distributions

The dispersion statistics for the ten variables are presented in Table
A.3.
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Fipnre AJ V.

Means, Standard Deviations, Kurtosis, Skewncss, Minimum and

Maximum Scores, Case Base, and Missing Data for Variables

Included {n the General Mod ]l of the Stracture of Scholastic

Performance in England and India (Boys onlv)a,

TARLE A.3.

o i i%‘g‘

VIRIBLY X Wi rart - Skew= Minimum Maximum Case ing
0-is ness BRane Data’

Xy FATHOCC 2.8 1.8 }0n.02 0. 86 0.0 7.0 1467 1.0
].9ﬂ 1.7 0.5 1.19 0.0 9.0 1208 8.8

X9 PARLED 6.5 1.3 1.29 ~0.23 2.9 10.0 1412 4.7
3.8 2.0 0.92 1.2 2.0 10.0 1288 2.7

Xy SIBSZ 3.2 1.3 -1.2 0.79 1.9 5.0 1473 0.6
4.2 1.1 0.90 ~-1.32 1.0 5.0 1294 2.3

[, VOCABR* 37.0 23.4 -0.15 -0.2 -~24.7 10G.0 1475 0.5
13.9 22.0 0.2 0. 54 ~-24.7 95.0 1271 4.0

XS THINK#* 52.6 | 22.0 0.51 0.00 0.0 96.6 1247 | 15.8
2.3 21.8 -0.35 0.09 0.0 99.5 1091 17.6

X¢, READL® 48.0 | 20.6 }-0.75 -0, 18 2.5 94 .2 1419 4.2
6.3 11.7 1.00 1.15% 2.5 59.0 1289 2.6

7 FiInNslyse 40.31 | 21.6 {-0.39 0.30 -17.7 100,09 1421 4,1
18.2 | 1».8 0.79 0.70 -20.0 84,1 12717 3.5

Fa CHFMISTRY* | 22,3 | 21.3 0.8 0.70 -2.00 100,00 1420 4,2
N.Y ] 16,4 1.52 0.95 -24.7 81.6 1264 4.5

g KInLOCY#* 27.6 1z 3 G, 00 0. 34 -17.9 93.7 1421 4.1
12,7 4 13,4 0.52 0,48 -24,7 h7.4 1277 1.5

10 PPACTICAL ] tu ) bt - T P D B D, h1 -ti.5 1000 1ang 5,0
‘o, b 4.4 0.3 0. a6 ~24.5 (2R 2 7.8

s ) corrmer™ [ oans | yra N, 03 0.70 -11.% 87.5% 1471 4.1
11.7 ) 11,1 2.2k 1.12 -12.4 62.9 1277 1.%
a) Statistirs far Frgland or tre upper line: sranristics fwr India on the hottom line,

&)

in eavt inctance,

SCIFNYY = Y- & Xq * Xy + Yy,
trans{ormed Inte 4 percentage figore

* starred varishles are reported as percentares

e} Mirae quartitices are rrccibhle Beoanse faw eccres wWere Corrected
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TECHNICAL APPENDIX B: STATISTICAL RESULTS

Five sets of data are presented in Appendix B. First, the zerr-order
correlations betucen the variables in the model of the structure of scholastic
performance are presented in Table B.1. Second, the correlations are used to
Renerate the structural ccefficients for a full-identified model by ordinary
least squares. These comparisons are presented in Table B.2. Thirdly, the
total causal effects of predicted variables are presented {n Table B.3.,
fellowed by a summary Table (R.4.) in which the total causal effects nre
ranked for ease of reference. Tables B.5. and B.6. relate to the interpre-
tatfon of residnal scores. Finally, using India Jata from Table B.2. a
respecified final form path model 1s preserc*ed.
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Table B.l  Correlations, Means, Standard leviations, and Case Jase of Variables in the Model of the Structure
of Scholastic for England and !ndfa. (a)

VARIABLES LK SR R A A IR | %] o | cases

X FATHOCC QL - 70 3N L0 L2080 g Lnas| L2a9) Lan2) La0r | .83y 1.8 | 4

X, PARED 360 ot I L VS S V1 K 1 S Y1 I (7] N 8 A R IR B AT,

X, 51882 Q41 -.00 - 18 .09 - 166 -.lﬁir - 165 =163 - 1860 =095 | 3.2 | 13

- 1

X Ay LO4L]-,010] .00 281 .647! S S03 09 L509) 591 | 37.0 20| 1eTs
L

A\ THLIK -.051) .000| -.004f 107 (365 .98 406 .448| 358 469 | 52.6 [ 22,01 1247

X REQ O10) .03 03] el o8 638) .592) 585|610 .76 | 48.0 | 20.6 | 1419

K, PHYSICS A361103) =001 L343 L186 386 J642] .588) .681] 874 [ 40.3 {216 142

¥ CHEMISTRY J0L) 12y w009 L90' L22el Ls00] 47t 569 L6660 (8471 223 1 1] 1420

i BLOLOGY U LY N5 L IS ¥ 0 3 TR 3 | PO S L9l e 18 1

o PRACTICAL ) o] wosaf Loas) W] Loe) L329) La03) La39] L2ee A3 % 9] 1408

My ..xu. a0 | L onel el L el Leosl Lrsel Lsesl L720 B8 1.8 16

i 19 |38 e 1199 fand Disa Lis2 1o Do s [

N Liojae fun Jano Jane iy e {iee 13 16 i

FASES 1203 J12ss | 1e9e trart 091 fi2e9 |1amr Qnes fum it luan

‘43 English data above (- diageral; India data belov the diagonal,




Table B2. England/India comparisons of the structural coe ficients fo
Ordinary Least Squares: (1) Pegrescion Coefficients, (II)

Independ- DEPENDEY T
ent , ) :
Variables \OCAB(X(.) THINK(XS) READ(Xg) PH‘:SICS(X'])
1| 11 1) o1 | o1 1 v | o1rxl 1| 1| 111
X; FATHOCC! 3.745| .281 | .349| .400{ .032| .377| .990] .o84| .271| .850| .c69| .287
.656{ .051 | .408|-.839[-.0651 .434{-.106]-.015{ .218|1.125| .114!| .296
|
(X, PARED | .761f .043 | .459] .515} .031| .477| .379] .024) .343] .254] .c15| .361
l-.311 -.028f .351| .271] .025; .374| .2a1| .ce1l .188] .a70! LC55) D254
L !
X, SIBSZ +-2.359'-.130| .463|-.586[-.034| .485|-.503] -.031] .349|-.593|-.035! .368
. f 4111 .020{ .602|-.064]-.003| .640| .293f{ .027| .321|-.283 |-.018] .435
X, VOCAB | .252] .267] .c28{ .493] .ss58( .o21| .123| .133| .026
: .109| .110] .031' .190; .360] .ol6| .167 '220l .023
|
X; THINK f § ' 2770 .1eel .o21f 177 .150‘ .023
| , 26| .048} .016! .110] .143] .022
L S
j |
X READ | ! .480| .458 .030
! j 41910 2011 .043
Residual .929 956 .733 | .736 !
.998 .952 .929 B JET4
Constant |  26.938 40.678 16.730 | i.192
| 15.853 42.744 9.848 -1.472
100r2 11.733 8.626 46.334 45.893
.003 1.524 13.725 23.842
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Table B.3 Total Causal Effects of Predictor Variables for Scholastic
Performances in the Natural Sciences: England/India
Comparisons for Male Pupils (a)
n (2) (3) (4> (5)
Total Indirect

Effects Through Total

ladependent Dependent Intervening Direct Causal
Variables Variables Varizbles Effect Effect
. - .281 .281

{ 0 VO -

X 1 FATHOCC XA CAB _ .051 031
, .075 .032 .107

X, THINK .006 -.065 -.059

177 .084 .261

X READ .015 -.015 .000

. .175 . 069 . 244

X PHYSICS .003 114 117

S .171 .0264 . 165

XgCHEMISTRY -.008 .069 .061

. .167 .040 . 207

X4B1OLOGY -.004 .026 .022

' g e .170 .054 224

X olRACTICAL .003 .079 .82

i .201 .058 .259

X} SCIENCE .003 .103 . 106
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Table B.3 cont'd.

) (2) (3) ) (5)
X, PARED X, VOCAB - 028 -:_'8_—12.__23?
—_— e
XgREAD ‘ot ‘041 ‘032
X, PHYSICS ggg 8;2 :838
XgCHENISTRY | ") ‘088 113
XyB10LOGY 3t ‘038 ‘057
(e | 0% ek 077
X, | SCIENCE :883 :832 ?§Z
X 51852 X, VOCAB - "loz0 o2
X THINK ':833 ::833 :ﬁgj
AL oo o | Tl
X, PUYSICS ':éé}‘ ::8?2 ::_(l)_lf_f
XgCHEMISTRY ':ggg :8(2)2 :_:gl)_gi
X, BIOLUGY ':ggz -_'8?; 'ﬁg
XjgreactieaL | o0l oo | Tore
X | | SCLENCE ':g?g ‘_‘3‘5(7, -é;g

~1
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Table B.3 cont'd
(n (2) (3) %) (5)

X, vucan X THINK - ) i% :f%
KgREAD 005 360 | 136
X, PHYSICS :?g; :;33 1323
XgCHEMISTRY :fgg :};é jéZ;
X BLOLOGY t :g:? :;g; jégé
X | PRACTICAL :gg: :}g} jé??
X, | SCLENCE :fgz :;gf :Z?g

X THINK X READ - jéfz ;é;;
X, PHYSICS :8?2 | j}?? jf??
X CHIMTSTRY :8:2 jf2§ :fig
X4BLOLOGY :88; :fg; :332
X, FRACTICAL :8?2 :ég; :éf}
X, | SCIENCE :8?§ :fég :35;
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Table B.3 cont'd

) (2) (3) (4) (s)

X (READ X, PHYSICS - . :‘203113 :lzogis
XgCHUMISTRY C ggg ggg

HgProocy : s | s

X, oPRACTICAL C gg; gg;

X | SCIENCE - :gz; :32;

a) Statistics for England on the upper line. Statistics for India on
the lower line in each Instance.
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Table B.4

4

within ~ Country Rank Ordering of Total Causal Effects of Predictor Variables on Endogenous Variables: ~
England/India Comparisons. (a)

RANK ORDER

Predictor | V0GB THIK R | DNSICS | CHBMISTRY | BIOLOGY | PRACTICAL | SCIENCE
N SN 1 A S T Y3 S ARV IR S VRN B S YR VR

S I NN P S R AP B 7 TV B
copm |3 M| 4.0 |5 a6 {6 o5k | 6 082 | 6 a2 | 6 .05 | 6 .9
% U T I R Y N TE R PV PRV B
cops | D0 |3 S0 | hells | S g | S -0b | 5 -d20 | 5 -3 | 5 -1
3 DA |- | 4|60 | 60 | 6ol |5 0 | 6 oz
L6 |1 e 460 |1 e | | LS |1 s

X Jocas DoJ0 |0 [l |2 289 |1 s |19 |1 g
o 3189 2000003 29 3 o 6o |y o
5 D8 |3 ST L3 | 2208 | 4 L | 3.
248 | 2 .6 | 2 8 | 2 uu |2 um

o TR IRV N TN N R PO PR

(a) The total causal effects are to the right of the rank order figures in each column. Note that these total
causal effects are relative not absolute totals. The underlined TCE's are considered to be of negligible

substantive significance.
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Table B.5 Correlations Between the Residuals of the Natural Science
Outcomes: India/England Comparisons (a)

Variable X7 X8 X9 xlO
, . E .370 .272 .435
X, PHYSICS 1 .315 .189 .272
E .642 .259 .430
KgCHEMISTRY 471 .069 .324
XgBIOLOGY E .588 .569 .303
1 .338 . 240 .152

E .681 .666 .591

T
Y. PRACTICAL 7 .403 .439 .266

prerd

(a) Partial correlations controlling for all antecedent variables above
the diagonal; zero-order relationships below the diagonal. Statistics
for England on upper line; and for India on the lower line.
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Table B.6 Proportion of Covariance Between Natural Science
Performances Accounted for by the Antecedent Variables. (a)

Variable X7 X8 X9 xlO
rve E 424 .537 .361
X, PHYS1CS L 331 41 .325
. - E - .545 .354
xaulmISIRY I _ .754 .262
g _ - .487
X4BLOLOGY I _ _ .428
X, PRACTICAL © - - _
10 1 - - -

(a) Statistics for England on upper line; and for India on lower line.
Median proportions: England = .455; India = .379.
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Figure B.1 Respecified Path Model of the Structure of Natural
Science Performances for 14 Year-0ld Boys in India. (a)

6
.929
XIFAT“UCC > X6READ §\ 2 X7PHY51CS ¢ .874 E7
. 36 ‘
, ‘ “ > '
PARED > X _CHEMISTRY .876 e
8 <876 _eg
Lo TSRS PSS | )
: /’ < SN y
X, VOCAB < T X BIOLOGY 916 _e;”
e N )
XSTHINK — XIOPRACTICAL E.921 elo

(a) Path coefficient approximations may be obtained from Table B.2.
The correlations between the residuals may be obtained from
Table B.5. The model differs from the conceptual model
(Figure 1.1.) in that the SlBSZ(X3) variable has been dropped
and the VOCAB(X4) and THINK(Xs) variables have been made into
source variables.




