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Abstract

This study investigates whether or not the factor structure of reading
comprehension is invariant across large, nationally representative samples of
14-year-old students from four different countries. The data was collected as
part of the Reading Literacy of 1990/91, conducted by the International
Association for the Evaluation of Educational Achievement (IEA). The
relevance and application of multigroup confirmatory factor analysis
techniques ( Joreskog and S6rbom, 1988) to the assessment of model
generalizability across countries or cultures particularly in relation to
international databases is demonstrated and discussed.

Objectives

Educational researchers and practitioners interested in cross-cultural
comparisons of empirical findings have histOrically relied on relatively crude
analytical tools to assess the applicability of instruments and models to
different cultural settings. Today, there is growing awareness of the need to
employ more appropriate techniques for testing the generalizability of
constructs and their valid measurement across countries or cultures.

This paper aims to examine the generalizability of the factor structure
underlying reading comprehension across four different cultures. The models
to be examined are based on the test design for the Reading Literacy Study
(Elley, 1994) conducted by the International Association for the Evaluation of
Educational Achievement (IEA). Previous research using this data has
examined alternative models of reading comprehension ( Balke, 1995;

Gustafsson, 1995). These analyses, however, were restricted to data from the
Nordic countries (Balke, 1995), or sought mainly to provide evidence for a
juxtaposed general factor (Gustafsson, 1995). More generally, inadequate
attention has been paid to the issue of potential cross-cultural differences in the
factor structure of reading comprehension. This concern is not about
differences in the mean level of reading comprehension, or the basic
psychometric adequacy of items across cultures. Rather, the central question is
whether or not items within each of the scales in a test measure the same
component subskills for different cultural groups. Multigroup comparisons
using confirmatory factor analysis (CFA; Joreskog and Sorbom, 1988) provide a
powerful test of alternative models in which specific parameter estimates, sets
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of parameter estimates, or all parameter estimates can be constrained to be
invariant across groups (Bollen, 1989; Marsh, 1994). This study investigates
whether or not a model in which items are assigned to only one of three
correlated factors can be shown to be invariant across four countries, namely
Belgium (French), Hungary, Italy, and the United States of America.

Theoretical Framework

Reading comprehension is usually regarded as that aspect of reading which
allows readers to react towards and make judgements about what they have
read and incorporate the new information into their mental concepts (Pearson
and Johnson, 1972). Many researchers have attempted to examine the
operations involved in reading comprehension and whether or not distinct
subskills might be identified or ordered hierarchically. While some research
has produced evidence for the existence of separate skills (Davis, 1968;
Spearritt, 1972) other researchers have found no support for the existence of
multiple dimensions in reading comprehension (Thorndike, 1973; Zwick, 1987).
Whereas a hierarchical ordering of reading skills was assumed in the rationale
for the objectives to be assessed in the reading tests of the National Assessment
of Educational Progress in 1970/71, the information on the objectives for the
1983/84 tests explicitly stated that no such hierarchy could be anticipated. In
the context of the Reading Literacy Study, great care was taken to design a test
measuring three different domains of reading, namely Narrative, Expository
and Documents. These domains were defined as:

(1) Narrative prose: Continuous text in ,which the writer's aim is to tell a
story - whether fact or fiction. They normally follow
a linear time sequence and are usually intended to
entertain or involve the reader emotionally.

(2) Expository prose: Continuous text designed to describe, explain, or
otherwise convey factual information or opinion to
the reader.

(3) Documents: Structured information displays presented in the
form of charts, tables, maps, graphs, lists or sets of
instructions. (Elley et al., 1992, p.4)
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Elley et al. also noted that it was intended to report test scores separately
for each of the three domains. As a result, most of the reporting of bivariate
relationships between student reading achievement and certain student,
teacher and school variables was undertaken by providing separate figures for
each domain. However, in the major summary report of the Reading Literacy
Study, Elley et al. (1994 p. 12) mention that measures of student abilities in
reading literacy were estimated and reported for each domain separately as
well as for the total item scale.

Subsequent item analyses were undertaken using an international
pooled dataset and included all items from the different domains except those
which, according to the authors, had poor psychometric properties on the
international scale. Again, some results were reported for the total item scale,
suggesting a certain ambiguity as to the appropriate reporting of test scores for
the Reading Literacy Study, which no attempt would appear to have been
made to resolve.

In response to the apparent uncertainty surrounding the factor structure
of reading comprehension responses, a number of studies have used CFA to
investigate this issue with the IEA data. From the assumptions underlying the
test design of the Reading Literacy Study as well as previous research (Balke,
1995; Gustafsson, 1995; Lietz, 1994) several models of the structure underlying
reading comprehension are tested for invariance across countries in this paper.
Of primary interest is whether or not a correlated three-factor model can be
shown to be invariant across the four countries under review in this study,
namely Belgium (French), Hungary, Italy and the United States of America.

Method

Confirmatory factor analysis (CFA) is used to evaluate the fit of an a priori
model to the data collected (Joreskog and Sorbom, 1988). Goodness of fit
indices are used to assess how closely a matrix reproduced from parameter
estimates for the posited model correspond to the input correlation or
covariance matrix based on the actual data. A more detailed introduction to the
conduct of CFA is available elsewhere (Bollen, 1989; Byrne, 1989; Joreskog and

Sorbom, 1988), and instructive examples of the application of CFA to the issue
of factorial invariance across different populations are becoming more common
in educational and psychological research (e.g., Marsh, 1993; Marsh & Roche,
in press; McInerney, Roche & McInerney, 1994).
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The relevant parameters in typical CFA studies consist of factor loadings
(relations between measured variables and latent factors); factor variances and
covariances (relations among the factors); and item uniquenesses (a

combination of specific and error variance). In order to test the invariance of a
hypothesised structure across groups, it is necessary to begin with a model that
fits the data well (Bentler, 1990; Marsh, 1994). The generalizability of that
model across different populations is then evaluated by testing alternative
models in which specific parameter estimates (such as factor loadings for
selected items), sets of parameter estimates (such as all factor loadings) or all
parameter estimates (factor loadings, factor correlations and factor

uniquenesses) can be constrained to be invariant (that is, forced to be
equivalent) across groups. Invariance in relation to factor loadings is a
minimal criterion in multigroup comparisons, but it is also desirable to assess
the equivalence of factor correlations and item uniquenesses (Marsh, 1994).

In assessing the fit of a model, it is important to establish firstly that the-
model converges to a proper solution (eg., no impossible parameter estimates);
that the parameter estimates "make sense" in relation to the a priori model and
common sense; and finally to evaluate different fit indices in relation to rules of
thumb and values from alternative models (Marsh, 1994). Based on evaluations
and recommendations of various fit indices (e.g. Marsh & Balla, 1994; Marsh,
Balla & Hau, in press), the Tucker Lewis index (TLI) is emphasized, but other
indices including the relative noncentrality index (RNI) and its counterpart, the
Parsimony RNI (PRNI) which penalizes model complexity - or rewards model
parsimony - are also presented. The three indices of fit differ in that the TLI
and PRNI provide a control for model parsimony whereas the RNI does not.

These characteristics of different indices are particularly relevant when
comparing models with different invariance constraints. As more parameters
are constrained to be equal across groups, there are fewer parameters to be
estimated, so that the model becomes more parsimonious. Indices such as the
chi-square statistic, the Goodness of Fit Index (GFI), and the RNI contain no
penalty for lack of parsimony. Thus they are always automatically lower when
fewer parameters are estimated, but this may be a result of a reduced
likelihood of capitalisation on chance rather than reflecting a less satisfactory
model. The penalty for model complexity in the TLI means that it is technically
possible for more parsimonious models to obtain a better fit (McDonald &
Marsh, 1990). The PRNI imposes a more severe penalty on more complex
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models, providing a less conservative test of improvement in fit as the model is
constrained to be equivalent between groups.

Data Source

Twenty-two countries participated in the IEA Reading Literacy Study at the 14-
year -old level. The four countries for which data are examined in this paper,
namely Belgium (French) Hungary, Italy, and the United States of America
were chosen to represent relatively distinct cultures within a larger study
(Lietz, 1995) which examines changes in reading achievement over time in the
eight countries that also participated in the first study of reading
comprehension conducted by IEA at the 14-year-old level in 1970/71
(Thorndike, 1973a).

There were 89 core items (mostly multiple-choice as well as some open-
ended questions) which were scored for all countries. The questions were
based on a total of 19 passages which represented one of three domains,
namely narrative prose, expository prose or, documents (Elley, 1994). In the
final form of the tests, 29 items were assigned to the narrative domain, 26 items
to the expository domain and 34 to the document domain.

Data collected from large nationally representative samples of students
in Belgium (French), Hungary, Italy, and the United States of America form the
evidence available in this study to examine the proposed model of the structure
underlying reading comprehension.

Results

Figure 1 illustrates the ways in which different parameters of the basic model
(Model A) were constrained to be invariant across groups. As mentioned
above, invariance in relation to factor loadings is a minimal criterion in
multigroup comparisons. Hence, Model B presents the model in which factor
loadings were set to be invariant across the four countries under review. In
Model C, correlations between the three factors, Narrative, Expository, and
Document were held constant across countries in addition to factor loadings.
Model D examined the fit of a structure in which only the correlations between
factors were assumed to be invariant. In addition to this constraint, Model E
assumed the item uniquenesses to be invariant. Finally, in Model F, total
invariance for all parameters across the four groups was examined.

7



www.manaraa.com

Testing the invariance of reading literacy dimensions - P. Lietz & L. Roche 7

Preliminary analyses were undertaken to eliminate poor items. For this
purpose, Model A was examined for each of the four countries separately and
items with a factor loading below 0.40 were noted. Where an item showed a
low factor loading in three or four countries, it was considered not to represent
the underlying domain appropriately and was hence removed. In this way, 15
items were identified and subsequently removed from the analysis, one from
the Narrative domain, five from the Expository domain, and nine from the
Document domain.

The remaining 74 items were grouped into 22 item parcels representing
the means of between two and five items relating to particular passages within
each domain. An earlier analysis of the same data based on individual items
produced solutions that were suboptimal for testing invariance of parameter
estimates (Roche & Lietz, 1995). The use of item parcels is common in factor
analytic research (eg., Marsh & Roche, in press), since it results in more valid
and reliable indicators, decreasing the effects of idiosyncrasies associated with
particular items (particularly in relation to dichotomously scored achievement
data). It also reduces the number of measured variables in the model, though
the advantage of this in confirmatory factor analysis has not been clearly
established (Marsh, Hau & Balla, 1996). Seven item parcels were used as
indicators to define the Narrative domain, six parcels were assigned to the
Expository domain and nine parcels were assigned to the Document domain.
All analyses were undertaken using LISREL8 for Windows (Joreskog and
Sorbom, 1993).

Table 1 presents the goodness-of-fit indices for the confirmatory factor
analysis undertaken in this study. In the upper panel of the table, results are
reported for the examination of the basic model in which each of the 22 item
parcels was assigned to only one of three factors. First, an analysis was
undertaken of a data set in which information for the four countries was
combined. The goodness-of-fit indices ranged from 0.83 for the PRNI to 0.93
for the RNI, indicating that the model fitted the data quite well. Likewise, the
goodness-of-fit indices in Table 1 for the separate analyses of the basic model
for the four countries ranged from 0.78 for the PRNI in Belgium (French) to
0.94 for the RNI in Hungary, suggesting the appropriateness of the model. The
highest values for goodness-of-fit indices were obtained in Hungary while
Belgium (French) showed the relatively lowest values.

Byrne (1989) and Marsh (1993, 1994) recommend to proceed with
analyses of invariance after a model has shown an acceptable fit to the data.
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Hence, it was decided to test the generalizability of the model across the four
countries by undertaking a multigroup confirmatory factor analysis. In this
way it could be examined how different assumptions regarding the invariance
of different model parameters across the four countries would affect the model.

In the lower panel of Table 1, results are presented of the analysis of
each of the models that were illustrated in Figure 1. It should be noted that
Model A in which all parameters were allowed to vary across groups showed
the best fit according to both the RNI (0.99) and TLI (0.99). In contrast, the
PRNI for this model (0.88) was lower than for Models C, E and F due to the
lack of parsimony in this model, in which relatively more relationships have to
be estimated.

When factor loadings were held invariant in model B, there was a
substantial decline in both RNI (.92) and, more significantly - because it
rewards the improved parsimony - the TLI (.91). In addition, the PRNI, which
provides the most handsome compensation for increased parsimony, also fell
slightly. These results suggest that the model allowing factor loadings to differ
across countries is a better model. Nevertheless, model B, holding factor
loadings invariant, also provides a good fit to the data.

Among models B, C and D, values for the RNI and TLI varied only
slightly, suggesting little difference as to whether just the factor loadings, the
correlations between factors or both of these parameters together were held
constant. This provides some additional support for the relative consistency of
the structure across countries, in that relations between the latent variables are
similar in each group. Again, however, model A represents a better fit than
either models C or D according to the RNI and TLI indices.

Once uniquenesses were incorporated into the assumptions of

invariance across groups (Models E and F), values for the RNI and TLI
dropped slightly in comparison to models A and B. In contrast, the PRNI
improved due to the increased parsimony. Overall, these indices indicate that
model F, which posits complete invariance, provides a good fit to the data,
particularly when it is noted that conventional rules of thumb (indices over .9
representing good fit) may be particularly conservative when applied to
incremental indices such as the RNI and TLI (Hu & Bentler, 1995). In
comparison to model A, however, only the heavily pro-parsimony PRNI
suggests a better fit for model F, while the generally better-behaved TLI, as
well as the RNI, indicates that leaving parameters to be free across groups
provides the best fit.
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Conclusion

The results presented here indicated that it was not unreasonable to
assume that factor loadings and factor correlations be invariant across the four
countries. When item uniquenesses were set to be invariant, a decrease in fit
according to the RNI and TLI was observed. The PRNI, in contrast, showed the
highest value for the model in which invariance was assumed for all
parameters in the model.

The overall superiority of the no invariance model, however, suggests
that while the parcels used to form indicators in this study (and the passages
on which they are based) demonstrate consistently high loadings on their
respective factors across all groups, there are detectable variations across the
different cultures. Perhaps it is not surprising that different passages would
elicit at least some degree of idiosyncratic responses from different cultual-
groups.

Thus, to the extent that the factor structures were invariant across
different countries, this evidence suggested that translation and cultural issues
are less of a concern in the assessment of reading comprehension that
commonly assumed. The relative consistency found here supported
Thorndike's (1973a) conclusion that translation problems could be overcome.
Finally, the study demonstrates the importance and utility of multigroup CFA
in relation to large, culturally diverse data sets.

0
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Table 1 Goodness-of-fit indices for confirmatory factor analyses

12

Model N of 2 df RNI TLI PRNI
students

Total 12,642 6211.39 206 0.926 0.917 0.825

Belgium (French) 2,732 1930.54 206 0.875 0.859 0.780

Hungary 3,374 1405.12 206 0.941 0.933 0.839

Italy 3,078 1548.28 206 0.925 0.916 0.825

United States 3,458 2377.19 206 0.930 0.922 0.829

A) 4 gp (no inv) 1761.13 824 0.989 0.987 0.882

B) 4 gp (fl inv) 7734.10 881 0.917 0.913 0.875

C) 4 gp (fl, c inv) 8042.14 899 0.914 0.912 0.889

D) 4 gp (c inv) 7490.95 842 0.920 0.912 0.838

E) 4 gp (c, u inv) 8883.67 908 0.904 0.902 0.888

F) 4 gp (tot inv) 9324.10 965 0.899 0.904 0.939
Notes:
X2
df
RNI
ml
PRNI
4 gp (no inv)
4 gp (fl inv)
4 gp (fl, c inv) -

4 gp (c inv) -
4 gp (c, u inv) -

4 gp (tot inv) -

Chi-Square
Degrees of freedom
Relative noncentrality index
Tucker Lewis index
Parsimony index for RNI
four group model with no invariance constraints (Model A)
four group model with factor loadings invariant (Model B)
four group model with factor loadings and factor correlations invariant
(Model C)
four group model with factor correlations invariant (Model D)
four group model with factor correlations and uniquenesses invariant
(Model E)
four group model with factor loadings, factor correlations and
uniquenesses invariant (Model F)
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THE CATHOLIC UNIVERSITY OF AMERICA
Department of Education, O'Boyle Hall

Washington, DC 20064
202 319-5120

February 27, 1996

Dear AERA Presenter,

Congratulations on being a presenter at AERA'. The ERIC Clearinghouse on Assessment and
Evaluation invites you to contribute to the ERIC database by providing us with a written copy of
your presentation.

Abstracts of papers accepted by ERIC appear in Resources in Education (RIE) and are announced
to over 5,000 organizations. The inclusion of your work makes it readily available to other
researchers, provides a permanent archive, and enhances the quality of RIE. Abstracts of your
contribution will be accessible through the printed and electronic versions of RIE. The paper will
be available through the microfiche collections that are housed at libraries around the world and
through the ERIC Document Reproduction Service.

We are gathering all the papers from the AERA Conference. We will route your paper to the
appropriate clearinghouse. You will be notified if your paper meets ERIC's criteria for inclusion
in RIE: contribution to education, timeliness, relevance, methodology, effectiveness of
presentation, and reproduction quality.

Please sign the Reproduction Release Form on the back of this letter and include it with two copies
of your paper. The Release Form gives ERIC permission to make and distribute copies of your
paper. It does not preclude you from publishing your work. You can drop off the copies of your
paper and Reproduction Release Form at the ERIC booth (23) or mail to our attention at the
address below. Please feel free to copy the form for future or additional submissions.

Mail to: AERA 1996/ERIC Acquisitions
The Catholic University of America
O'Boyle Hall, Room 210
Washington, DC 20064

This year ERIC/AE is making a Searchable Conference Program available on the AERA web
page (http://tikkun.ed.asu.edu/aera/). Check it out!

Sincerely,

awrelSce M. Rudner, Ph.D.
Director, ERIC/AE

'If you are an AERA chair or discussant, please save this form for future use.
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