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ABSTRACT
: The purpose of this study was tc identify the
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development. While verbal ability had a pcssible reciprocal effect on
reading achievement, the impact of reading on verbal atility was
negligible. (MAI)
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When Willy "the actor" Sutton wag asked why he robbeqd

banksg, he is ieported to have answered, "Because that's )
where they keep the money." Any social scientist worth )
his salt woulq 8coff at such a uge of the word "becauseé
since the data are at best correlational and besides where
was his control group? Clearly Willy Sutton wag not an
astute social sclentist., The uasg of the word "becauge"
in this case wag not appropriate, or it was at least in-
adequate. Or wasg 1t? Recently, a number of significant

studies based on ¢linical or correlational data have freely
talked in terms of causality. For example, famous or infamous,
the Surgeon General's Report on the causal linkage of cigarette
smoking to cancer was based on correlational data; geneticists
depend on 1ntergenerational correlations to attribute ci.usal
characteristics to gene; the prestigious Nationa]l Acadepy
of Science has recently conciuded that floral carbons are
causing a depletion of our .earta’s Ozone layer, How can
they do that? 1g it possible that other sciences know
something about research design that we do not?

In recent years, a number of writers, including

Blalock (1964), Simon (1962), Duncan (1966), Kerlinger ang
Pedhauzer (1975), Land (1969), Heise (1969) and Asher (1976),
have proposed that the traditional dependence op "elassicaln

experimental design is dysfunctional in the social 8clences
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siﬁcefso much variation is beyond our experimental control
and we are left with non-experimental or at best quasi-
"éxperimental designs. As an alternative, those authors
suggest the use of causal modeling or recursive analysis,
More commonly referred to as path analysis, recursiye tech-
niques allow assessment of assumed causality through cor-
relationul data if those data meet stringent conditions,
Susser (1973) has similarly proposed the application of
recursive techniques in the health sciences with special
reference to epidemiology. In some cases, when a mgtual
causal relationship is suspected, one might better apply a
non-~recursive extension to assess that reciprocal relation-
ship.

Reading educators repeatedly call for individualized
instruction. However, a stable theoretical scheme within
which the effects of individual differences, as antecedents
to reéding achievement are specified, is lacxing, Part of
the dilemma in building a causal theory in reading achievement
lies in the nature of data that reading researchers are forced
to use. We are unable to directly manipula%e a subject pop-
ulation to assess causality, Rather, we are left with non-
experimental analogs that are traditionally viéwed as less
than adequate. The purpose of this study is to define tha
magnitude of causal contributions of a limited set of indi-~
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vidual and social antecedents to reading achievement first
in a recursive model and sBecond, in a pon~recursive extension

of the first model,

Data Sample

Data for the present study are drawn from Cycle II of
the National Health Examination Survey (HES) conducted by the
National Center for Health Statistics (NCHS). The HES was
divided into three oycles to provide a general medical,
physical and psychological profile on American children,
youths and adults. Cycle II of the HES includes examinations
.of 7119 children ages 6~11 taken from a National probatilistic
sample, The sample is estimaved to be representative of 25
million children (NCHS, 1967) and are currently available
for profeseional use in the form of an integrated micro-~

data tape.

Variables

Of the wide variety of data available on the Cycle II
Data File, a limited subset were selected for the current
analysis. Four demographic variables were selected for
inolusion in this study. SEX (coded @ = female, 1 = male),
AGE (in 6 month intervals), and RACE (coded ff = Black; 1 =

White) were included as exogenous to the system (32 cases

(993§
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were lost due to the unclear racial classification as "other®).
< A meaéure of socioeconomic status was provided through the
use of reported family income (FAMINC) which was presumed,
in this study to have a causal contribution due to RACE. Each
6f the above listed variables has been linked with reading
" achievement. Racial differences, for example, have long been
a focus in reading research, More recently, however, inves-
tigators (e.g. Harbert and Bryen, 1976) have speculated that
lpw;red achievement levels among Blacks, rather than reflecting
deficient ability, may be a result of incompatible (or dif-
ferent) linguistic schema that interfere with acquisition of
N readirg skills. If this were true, then the partial relationship
of RACE to reading achieyemenx should be spurious if controlled
through vocabulary ability. Similarly, since vocabulary and
reading achievemeni are lower ;mong lower income Whites, a
similar relationship between FAMINC and reading might be ex-
pected.

The final two variables included in the scheme were
vocabulary (VOC) ability as reflected in the vocabulary eub-
scale of the Wechler Intelligence Scale for Children and
reading achievement (READ) as measured in raw score units on
the Wide Range Achievement Tests (WRAT).

Anastasiow (1971) has concluded that during "initial
reading (the ohild) will be ahle to decode only those specific
words he has already mastered in his own lenguage and will

<
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recognize only those ldeas he has already learned." (p. 20).
Selected studies show that improved verbal ability leads to
increased achievement, especially ir reading (see, €48ey

Thompson and Blackwell, 1974).

Analysis T
Recursive Analysis
As described by wright (1921, p. 557), "The method of

path analysis depends on the combination of knowledge of some

degree of correlation among the variables in a system with

such knowledge as may be possessed of causal relations. In
cases in which the causal relations are uncertain, the method
can be used to find the logical consequences of any particular
hypothesis in regard to them" (my emphasis). Thus, the first
task of a; investigator is to establish a strong theoretical
base within which one may establish generglized relationships
in a logical multivariate network. As Wright (1934), p. 193)
later warns, however, "path analysis is not intended to accomplish
the impossible task of deducing causal relationships from the
values of correlation coefficients." Ratkar, the correlational
evidencs aocures causal characteristics by verification and

extension of relationships demonstrated under more controlled,

but less generalizable, small experiments and by the legical

validity of coefficients within a theoretical network (Mullins,

1872). Path analysis also allows The analysis of causal

\
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attributes of variables not readily amenable to experimental
manipulation.
Let us try to develop an example, There is a stable linear
relationship between race and reading achievement (r = .19).
The inference that oan be drawn from a correlation—coefficient is
bidirectional, thus, one could infer that race leads to lowered
reading achievement (A-—bB) or the converse (B > A). To dev-
elop a causal model we would like to eliminate the latter as a
spurious inference., To augment that inference Simon (1962)
and Blalock '(1964) establish criteria which the relationship
must meet before a ca&gal inference may be made:
1o There is a linear function that links various
variables making up the causal system,
2. One can logically infer a causal impact of one
variable on g subsequent variable and that causal
relationship is unitary and directional. If A
causes B, B cannot cause A. (Nom-recursive systems
which include suoh reciprocal relationships are
considered later.)
3. One can rule out other confounding factors,
The second assumption ig obviously augmented if A can
temporally precede B but B cannot temporally Precede A, How=~
ever, because A precedes B does not necessarily imply A causes

Bs Causality implies not only temporal ordering of A and B
but that an alteration of A will lead to & concpmmitent changs

i
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in B. .Thus, within finite limits we have established the bagis
of a causal model petween race and reading achievement, albeit

a very shallow model, especially when we recognize the potential
of other variables related to reading achievement. TIf we had
the lwxury of a true experimental setting we could control

for such variables by randomization. However, such "true"
control is not logically, let @alone ethically, feasible. Thus,
we control by rasidualization.

Phe results of the analysis are presented in the form of
a path or arrow diagram with the causal contributions of ante-
cedent variables estimated by path coefficients which are
idéﬁtified'through ordinary least squares procedures. When a,
causal link .is reduced to zero then the line or contribution is
eliminated from the model. While the path diagram serves as a
convenient heurisvic, the elements of the model are more acgurately
reflected in the set of a simultaneous Structural Equations used
to define the model.

The results of the recursive analysis are presented as
Figure 1. All Path coefficients are unstandardized and least square:
estimates. The standardized coefficients are presented in
parentheses. Note that the direct causal link of RACE on
READ was.eliminated due to the non-significant contribution
(Pgz = +036). The contribution of PAMINC (Pg, = .095) while
statistically significant (p < .01) accounts for only about 1
percent ¢f the variance in reading achievement., VOC and

\
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Structural Equations

{
=

Xh = Pu3 Xé‘-i-‘"

X6= P61X1+P62x2+P63X3+P65’x5+e6
Figure 1
Recursive System for Antecedents

. to Reading Achievement
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ACE remain the most prominant contributors to READ. For each J
six moﬁtha of age thore is an estimated increase in reading
' performance of ?.? raw score units, Likewise each unit of
gain in vocébulary growth, as reflected in this measure, showe a
concommitant increase of .98 units ia WRAT reading scores. On
the average we can eXxpect girls to sébre 4.6 points higher
than bcys. SEX as a causal contributor to VOC 1is tenuous.
While boys score cgisistently higher than girls the amount of
| variance accounted for the relationship is less than 1 percent.
The contribution of RACE to reading is at best indirect and
when that relationship is controlled for VOC and FAMINC, the

relationship disappears and is deemed spurious.,

Analysis 2
Non-Recursive Analysis

One might argue that the theoretical scheme depicted in
Figure 1 is inadequate since the assumption of a unidirectional
effect of vocabulary on reading may not be reasonable., It is
possible to speculate that not only does increased vocabulary
lead to improved reading but that increased reading might also
lead to increased vocabulary. A feedback loop (Xsf::xs)
would substantially alter the interpretation of the model
shown 1n-Figure 2.

To estimate the mutual causal paremeters of VOC and READ,
a Two-Stage Least Squares Solution was used (Hiese, 1975).

In & 2813 solution, each ¢I the non~recursive elements is

]
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regressed on all exogenous variables developing a "precdiction"

equation ﬁor sach, The investigator then recomputes the par-
ameters for the structural equations using the "decontaminated™
predicted scores as antecedents to each of the non-recursive
elements, Path coeffioients for the_originaiinqp~recursive)
variables are then estimated using ordinary leaat sguares solution,

° ‘A A .
The magnitude of the path coefficients for xs-»»XG and X6—7 X5 .

would thereby eatimate the magnitude of non-recursive effects.

The 2SLS analysis yielded no usable information to con-
firm a reciprocg} loop. The standardized coefficient for
%6-—>XS was equal to @, while tne comparable coefficient for
i5—9.X6 was .307. On the baris of these data then, no sub-
stantive evideno. exists for a non-recursive model in children.

Discussion

While The results of this analysis are encouraging for the
use of recursive analysis in the déveloPment of a theory of
individual antecedents to reading instruction, they should
be viewed with some caution., At a minimum, confirmatory analyses
with different dala sources and alternative modes of assessing
vocabulery growth and reading achievement are in order. _

The relationship between vocabulary and reading aculevement,
although confirming previous assessments of a positlve causal
relationship, needs to be explores further since the WRAT reading
test has a high vocabulary component. One of the obvious
limitations to secondary analysis is that an investigator is

. )




10,

reatricted to those data included in the original study.
While one might argue cogently that better estimates of
vocabulary or reading achievement might be used, the argument
is not reievant at this level, However, further analysis
using this design would benefit from incllusion of gther
measures, thus increasing generalizability,

One might argue that the state of reading instruction
and assessment is at too rudimentary a stage to Justify theory
building. The counter argument.is that one must begin some-
where. The model depicted in the presznt study establishes
& basic theoretical structure which may be added to or modified
as new data become available, However, the liklihood of gener-
ating a similar data base to Cycle ;I of the HES in the near
future is small due to economic and legal constraints (Hammill,
1977).

The most striking result to be reported from the present
study is the failure of RACE to serve as a direct causal con-
tributor to reading achievement, The only causal contributions
which may be attributed to RACE are indirect by way of socio-
economic status as reflected in family income (FAMINC) level,
and vocabulary development (VOC), Indeed, the direct causal
contribution of FAMINC is small, ILike RACE, the major impact
of FAMINC is mitigated by vocabulary growth, One is tempted %o
speculate that the primary causal con@ﬁibutor to reading achieve=~
ment is vocabulary growth and that th§~traditional depressed

}




reading performance associated with minorities and lower income

groups is more a function of different lexicons than differences
in intrinsic ability. If the racial differences in reading
achievement were the result of a cognitive deficit, one would
expect the causal contribution of RACE to remain, even when

controlled for FAMINC and VOC. A linguistic difference model,

on the other hand, would suggest that the lowered verbal per-
formance on tasks requiring standard English is primarily a socio=-
cultural characteristic. If one were to eliminate the contamin-
ation in reading performance due to sociocultural biases, then
achievement differences would not persist. That conclusion,
however, is tentative and is contingent upon continued investi-
gation. If the conclusion holds true, it has significant impor-
tance for the development of prereading instruction or ancillary.
instruction intended to facilitate reading achievement among

the disadvantaged. As Harbert and Bryen (1976) warn, however,

the resolution of the probiem is8 no easy task and while vocabulary

growth in standard English serves as a causal contributor to
reading achievement, the resolution of the problem may not be
simply a case of dri.ling for impioved vocabulary or teaching
reading in non-standard English.

Finally, the failure to generate evidence for a non-recursive
model ﬁhich:suggests reciprccal causality for reading and vocab-
,ulary cannot be ﬁaken as the final word. The unique character-
istics of the two dependent vaxriables in this study may have led

: 14




to the present conclusion of no ggbptantive evidence for a
non-recursive system., Further, %&é non-recursive impact of
reading and vocabulary might not be-gbserved until late
adolescence or adulthood. However, in light of the present
evidence, future investigators might do well to emphasize the

recursive nature of the data especially among children.
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