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Causal Effects of Academic Self-concept on Academic Achievement:

A Reanalysis of Newman (1984)

Abstract

Newman (1984) examined the causal relations between math self-concept and
math achievement in an eight-year longitudinal study using powerful LISREL
analyses. He concluded that math self-concept did not influence

subsequent math achievement. However, the study suffered in that math
self-concept was inferred from a single-item scale. Newman addressed this
problem, proposed a reasonable solution to it, and based his findings on
this solution. However, an alternative -- perhaps equally plausible --
solution used in the present re3mAlysis of his data did support the causal
influence of self-concept on subsequent achievement. The purpose of this
investigation is not to argue or againF-. rither solution, but to demonstrate
the problems associated with single-item indicators in L1SREL analyses.
Nevertheless, Newman is not justified in concluding that self-concept has no
causal influence on subsequent academic achievement on the basis of his
study.
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Causal Effects of Self-concept 1
Causal Effects of Academic Self-concept on Academic Achievement:

A Reanalysis of Newman (1984)

Academic achievement is moderately correlated with general self-
concept, more substantially correlated with academic self-concept, and
most highly correlated with academic self-concept in the same academic
content area (e.g., Byrne, 1984; Marsh, 1986; Shavelson & Bolus, 1982).
This pattern of relations supports the construct validity of a

multidimensional self-concept. Byrne noted that much of the interest in
this relation stems from the belief that academic self-concept has
motivational properties such that changes in it will lead to changes in
subsequent academic achievement. She cited three prerequisites for studies
of this causal effect: a) a statistical relation must be demonstrated; b) a
clearly established time precedence must be established in longitudinal
studies; and c) a causal model must be tested. However, Byrne found few
studies that met her criteria.

Shavelson and Bolus (1982) found support for the causal influence of
math, English and science self-concepts on subsequent school performance
in these three areas. In contrast, Newman (1984) found no causal influence
of math self-concept on subsequent math achievement. Both studies met
Byrne's criteria and used LISREL analyses but differed in that: a) the
first used multi-item indicators of self-concept and single-item
indicators of achievement, whereas the second used single-item indicators
of self-concept and multi-item indicators of achievement; b) the first
considered only one time span of five months, whereas the second
considered two time spans totaling eight years; and c) the first
considered school grades whereas the second considered performance on
standardized achievement tests. The focus of the present investigation is
on problems assoc!ated with Newman's use of single-item indicators of self-
concept, though similar problems may exist with Shayelson and Bolus's use
of single-item factors to represent achievement.

Newman considered three sets of analyses. First, he tested his a
priori model and modified it -- deleting nonsignificant paths and adding
correlated residuals -- on the basis of empirical results. In this set of
analyses, the reliability of each single-item self-concept factor was
fixed r:t a plausible value since it could not be empirically determined,
where:as reliabilities of the multiple-indicator achievement factors were
empirici:Ily estimated. Because relations amokg latent constructs are
corrected for unreliability in LISREL analyses, this is a critical issue. In
this first set of analyses Newman demonstrated that paths leading from self-
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Causal Effects of Self-concept 2
concept to subsequent achievement were close to zero and they were eliminated

c

from further
consideration. Second, additional models P pTi ting

reciprocalcausal relations between self-concept and achievemeW_ .;ame point in timewere tested. Third, in a "sensitivity
analysis," t

tilitis of thesingle-item self-concept factors were fixed at each of - of reasonablevalues for Newman's final model to determine the genera' his findings.I agree with
Newman's contention that setting the lityestimates of single-item factors to plausible

nonzero values r lade thebest of a bad situation"
(p. 868) and that testing a range nf plausiblevalues should provide valuable information. However, I do not agree withNewman's decision to consider in his sensitivity analysis ot y models inwhich the paths

from self-concept to subsequent achievement Aereeliminated. Instead, I examined reliability estimates in the range
1

considered by Newman for his original a priori model . These analyseswere based on Newman's published correlation matrix (1984, p.861; see theoriginal study for a more complete
description of the methods, analysesand results). Newman found that the path from Year 2 self-concept to Year5 achievement was virtually zero for the

reliabiiities that he originallyselected (see Table 1). However, gradually reducing the reliabilityestimate of Year 2 self-concept produces an
increasingly stronger causaleffect of Year 2 self-concept an Year 5 achievement that reachesstatistical significance within the range of values considered by Newman(see Table 1). This finding, that self-concept does have a significanteffect on subsequent achievement depending on the

reliability estimateaffixed to it, is the most important conclusion of this reanalysis.The different reliability estimates had little effect on the overall
2

2X test of fit. Since the X s, though reasonable, are statisticallysignificant, additional modifications were examined. First, for Year 10only, computation and problem solving were each measured by two tests, andallowing the
error/uniquenesses associated with each pair to be correlated(Figure 1; also see footnote 1) resulted in a modest but significantimprovement in fit. Second, as noted by Newman, self-concept andachievement in Year 10 were more highly

correlated than could be explainedby the original model. Three different
approaches all resulted in the2

same nonsignificant X value: a) positing the residuals to be correlated(as in Newman's
Figure 2); b) positing each to casually effect the otherbut constraining the size of these reciprocal causal ef%ects to be equal(as in Newman's
Figure 3); and c) positing

self-concept to have a causal



Causal Effects of Self-concept 3
influence on achievement (see Figure 1). (A fourth model positing the
causal effect of achievement on self-concept resulted failed to converge.)

The models in Figure 1 suggest two patterns of causal influence. In .

the Year 2 to Year 5 span: Year 2 self-concept causally
influences Year 5

achievement; Year 2 achievement does not affect Year 5 self-concept
(except, perhaps, through its correlation with Year 2 self-concept); and
the correlation between Year 5 measures of achievement and self-concept can
be explained in terms of their dependence on earlier measures. In the Year 5
to Year 10 span: Year 5 self-concept has no causal influence on subsequent
achievement; Year 5 achievement has a causal influence on subsequent self-
concept; Year 10 self-concept -- perhaps determined by influences other than
Year 5 indicators -- has a causal influence on Year 10 achievement.

Two potential problems are apparent in these models. First, the
2reliability of the Year 2 self-concept (.314 = .56 ) is very low.

However, the application of the Spearman Brown equation suggests that a
multi-item scale of nine such items would have a coefficient alpha of
about .8 and this may be reasonable for Year 2 students. Also, a factor
loading of .56 is typically considered reasonable. Second, the stability
of self-concept during the Year 2 to Year 5 span seems unreasonably high.
However, this parameter estimate may be inflated by method effects
often found with the repeated use of the same variable longittuLnal analyses
(a slightly different item was used in Year 10). In the models in Figure 1
this would be represented by a correlation between the error/uniquenesses
associated with math achievement in Years 2 and 5. Without multi-item
measures this possibility cannot be tested. Hence, despite these potential
problems, the assumptions appear to be plausible.

In conclusion models based on the same data posite6 here and by
Newman lead to dramatically different conclusions, depending on the values
assigned as the reliabilities of the single-item factors. I do not argue
that my models are superior to Newman's models; both appear to be
plausible and there is no compelling basis for choosing either. However,
the juxtaposition of thE two demonstrates the danger of basing
interpretations-on single-item factors. For this reason I do not consider
Newman is justified in concluding that self-concept has no causal influence
on subsequent academic achievement on the basis of his study any more than
I am justified in drawing the opposite conclusion. The present reanalysis
indicates why it is necessary for such studies to have at least two, and
preferably three or more, indicators of each latent construct,
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Footnotes

The original a priori model posited by Newman (1984) was based on only 9
variables because he averaged the two indicators of mathematical computation
and the two indicators of mathematical problem solving for Year 10 students.
However, his published correlation matrix was based on all 11 variables and
did not include the averaged variables he actually used. The use of 4
multiple indicators instead of 2 to infer Year 10 achievement is probably
pre+N-able, but makes little if any difference in the other parameter
estimates. Positing the error/uniquinesses of the two computation measures
and the two problem solving scores to be correlated (see Figure 1) may be
more consistent with Newman's approach and resulted in a modest improvement

1

in fit.
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Table 1

Standardized Parameter Estimates For Newman's Original A Priori Model With
Different Fixed Factor Loadings

Fixed

Loadings

X 3 A6 )%11

Parameter Estimates

r12 /3 1 L32 /33 o4 de5 86 ,87 )8
80 80 90 39*** 95*** 52*** -02 38*** 86*** 35*** 10 26*
70 70 80 42*** 93*** 52*** 02 51*** 84*** 35* 12 32a
60 60 70 53*** 78*** 25 22* 113*** 98*** 75*** -05 -07a
55 55 65 59*** 75*** 02 254* 148*** 94*** 102*1* -01 -17
60 80 90 51*** 81*** 18 19** 82*** 89*** 37*** 06 25
60 75 80 80*** 18 20** 88*** 89*** 40*** 06 27
58 80 90 54*** 79*** 11 21* 90*** 89*** 37*** 06 23
57 80 90 56*** 78*** 07 21* 94*** 90*** 37*** 05 23
57 75 90 56*** 78*** 07 22* 100*** 89*** 36** 06 25
56 80 90 57*** 77*** 04 22** 97*** 90*** 38** 05 22
56 80 80 57*** 77*** 04 22** 97*** 90*** 421* 05 25a
56 70 90 58*** 76*** 00 24** 110*** 90*** 37** 05 21a
55 70 90 58*** 77*** 00 23** 101*1* 89/at 58** 05 22a
50 60 60 66*** 72*** -35 26** 168*** 93*** 70** 01 -01

Note. The parameters refer to thosc 'llustrated in Figure 1. The first
four sets of fixed loadings, preserced without decimal points, were those
reported by Newman (1984) in his sensitivity analysis of a different2
model. For all models X (38) varied between 61 and 65, but the four2
largest X were for the first four that were used by Newman.
* p < .10; ** p < .05; *** p < .01a
Each of these solutions were improper in that the residual variance

terms for Year 5 self-concept -- variance that is unexplained by other
variables -- was negative. In none of these instances did the estimate
differ significantly from zero. In fact, with the exception of the first
set of loadings, the this residual variance term never differed
significantly from zero.
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Causal Effects of Self-ccincept 7

Figure Standardized relations between math achievement (MACH) and math

self-concept (MSC) for two models (Xs = factor loadings relating latent

variables to observed constructs;$ s are structural parameters relating

latent construct (i.e., path coefficients); r12 is a correlation between
two latent variables).

* p < .10; ** p < .05; *** p < .01.
a

unstandardized factor loadings were fixed to be 1.0 for the first

variable used to define MACH for Years 5 and 10, and to be .56, .80 and .90
for MSC at Years 2, 5 and 10 respectively.
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