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Abstract

A critical focus of neuropsychological research is to identify unbiased ways to compare heterogeneous groups on
background variables relevant to neuropsychological performance. Whereas recent work has pointed to single word
reading as a less culturally biased measure of educational experience than years of education, the extent to which
reading score captures a broad range of educational experience and does so consistently across ethnic and language
groups is unknown. The current study evaluated reading in relation to years of education in English-speaking
Whites, Blacks, and Hispanics, and Spanish-speaking Hispanic older persons (n = 342). Consistent with previous
work, reading scores at each grade level were lower in English speaking ethnic minorities than in Whites,
supporting the idea that variables related to lifetime educational experience are often confounded with ethnicity.
Standardized reading scores were highest in the Spanish speakers; however, interpretation of this difference is
limited because scores were necessarily derived using separate normative samples. Importantly, the slopes of
reading score by years of education were comparable across all groups. That is, reading scores rose consistently
with years of education independently of ethnicity or language, suggesting that such scores can be treated
comparably for theoretical and statistical purposes in multiethnic and multilingual samples.

(JINS, 2007, 13, 228-236.)
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INTRODUCTION

Valid interpretation of neuropsychological performance
depends largely on the extent to which raw test scores can
be evaluated in the context of an individual’s personal char-
acteristics and background. Toward this end, scores are gen-
erally compared to those achieved by a cognitively healthy
peer group matched on relevant demographic variables such
as age, gender, and educational experience. In particular,
years of education has proven to be closely associated with
performance on a wide range of verbal and nonverbal neuro-
psychological measures, accounting for a good deal of vari-
ability in scores across healthy individuals (Heaton et al.,
1996; Howeison et al., 2004). Incorporating years of edu-
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cation into score standardization has offered neuropsychol-
ogists greater sensitivity and specificity in detecting clinically
significant impairment. For example, normative data may
indicate that a given raw score reflects deficient perfor-
mance in an individual with 20 years of education as com-
pared to average performance for someone with eight years
of formal schooling.

Whereas this interpretive process generally facilitates
examination of within-group differences, complications arise
in making comparisons across heterogeneous groups that
differ significantly in socioeconomic, cultural, or educa-
tional characteristics. Namely, studies have shown that in
cognitively healthy samples matched for years of educa-
tion, Blacks achieve significantly lower scores than Whites
on many traditional neuropsychological measures (Lichten-
berg et al., 1994; Manly et al., 1998a). Such findings indi-
cate that total number of educational years does not capture
educational experience in a consistent manner across groups.
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In fact, accumulating research has now quite clearly out-
lined the striking differences in the quality of education
delivered in ethnic minority versus primarily White school
systems, such that one year of education likely represents
different levels of instruction and learning across multieth-
nic groups, particularly in older persons (Anderson, 1988;
Coleman, 1966). Adjusting raw scores for years of educa-
tion alone introduces systematic bias into multiethnic
research because ethnic minority groups have traditionally
been at a disadvantage in terms of student-teacher ratio, per
pupil expenditures, and length of school year.

A critical focus of neuropsychological research has thus
been to search for relatively unbiased ways in which to
equate heterogeneous groups on background variables, such
as educational experience, which are relevant to neuropsy-
chological performance. In this vein, a number of studies
have pointed to reading ability as a less culturally-biased
estimate of educational experience given its correlation with
variables such as student-teacher ratio, per pupil expendi-
tures, and length of school year (Hanushek, 1989; Hedges
et al., 1994; O’Neill, 1990). Indeed, studies have shown
that reading scores in older minority persons fall below
those of older White persons matched for years of educa-
tion (Boekamp et al., 1995; Manly et al., 2002). Most impor-
tantly, ethnicity effects on most neuropsychological measures
disappear after accounting for reading scores in older Afri-
can American persons (Manly et al., 2002).

Increasingly, researchers view performance on single
word reading tests as the most valid available estimate of
educational experience in multiethnic samples. Reading
scores are often included as independent variables or covari-
ates in statistical analyses evaluating cognitive perfor-
mance across ethnic groups. This is a particularly important
step in the development of psychometrically equivalent
tests across cultural groups or in the estimation of premor-
bid intellectual functioning critical for detecting cognitive
decline associated with dementia in older persons. The
underlying assumption when implementing reading scores
to represent educational quality is that such scores ade-
quately capture the full of range of educational experi-
ence, and that they do so consistently across multiethnic
and multilingual groups; however, this hypothesis has not
been examined directly. This is a challenging issue to
explore, both conceptually and methodologically, because
an ideal approach would be to evaluate reading scores in
each group against a separate and consistent “gold stan-
dard” for educational experience. Theoretically, such a stan-
dard is unattainable given the developmental, domestic,
socioeconomic, and cultural factors that vary across indi-
viduals with divergent ethnic backgrounds.

The challenge of matching groups against a consistent
educational gold standard grows even more conceptually
and methodologically complex when working with multi-
lingual samples. Single word reading in English speakers is
assessed with tests such as the American version of the
North American Reading Test (AmNART) (Grober & Sli-
winski, 1991) and the Wide Range Achievement Test-3
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(WRAT-3) (Wilkinson, 1993). These measures evaluate an
individual’s ability to pronounce a series of phonologically
regular and irregular words ranging in difficulty, and are
based on the idea that correct pronunciation of the more
difficult items requires previous exposure to such words.
Because the Spanish language contains only phonologi-
cally regular words (i.e., there is a one-to-one correspon-
dence between orthography and phonology), an entirely
analogous test is unattainable. Rather, use of accentuation
in the Spanish language can provide the opportunity to eval-
uate subjects’ familiarity with words by removing the appro-
priate accentuation, as is seen on the Word Accentuation
Test (WAT) (Del Ser et al., 1997).

Scores on English and Spanish single word reading tests
have been shown to correlate with traditional measures of
intellectual functioning and years of education in cogni-
tively healthy older persons (Crawford et al., 1989; Del Ser
et al., 1997; Grober & Sliwinski, 1991), and are believed to
represent similar constructs across English and Spanish
speakers. However, there are methodological hurdles to com-
bining multilingual reading scores in a single analysis for
use in a cross-cultural sample. In particular, comparison
and compilation of standardized scores across tests are prob-
lematic because such scores are necessarily derived from
two different populations. Whereas an ideal solution may
be to administer the WAT and AmNART to bilingual indi-
viduals to devise a formula for converting scores from one
test to the other, the validity of this approach depends on
the extent to which individuals in the validation sample are
equally fluent in both languages, or the extent to which
fluency in each language can be accurately measured.

Research in multiethnic and multilingual samples there-
fore poses a number of challenging issues, one of which is
the unbiased assessment of complex constructs such as edu-
cational experience across groups. Because it may be unreal-
istic to solve this problem entirely, there are several steps that
can be taken to reduce systematic errors in cross-cultural
assessment and research. As described earlier, reading scores
have been identified as relatively unbiased estimates of edu-
cational experience across ethnic and language groups. A next
step in evaluating the validity of reading scores is to deter-
mine that such scores adequately represent a broad range of
educational experience, and that they do so in a consistent
fashion across ethnic and language groups. Theoretically
speaking, reading scores should be expected to rise as a func-
tion of years of education, and the increase in reading score
with each additional year of education should be comparable
across ethnicity or language groups. However, it is possible
that differences in educational quality create an interaction
effectbetween years of education and reading level as a func-
tion of ethnicity or language. For example, it is possible that
reading scores plateau after a certain grade level in one group,
while continuing to rise with years of education in another.
The presence of interaction effects would raise the possibil-
ity that reading scores do not represent the same construct,
either conceptually or methodologically, across ethnic and /or
language groups.
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Based on previous work indicating that ethnicity is fre-
quently confounded with variables related to lifetime edu-
cational experience, we hypothesized that Blacks and
Hispanic English speaking older persons would achieve sig-
nificantly lower AmMNART scores than older White persons
with similar years of education. However, we predicted that
years of education and reading level would be positively
correlated to a similar extent in Blacks, Hispanics, and
Whites and that no interaction effect would exist as a func-
tion of ethnic group. This study also sought to evaluate the
extent to which the relationship between reading score and
education was consistent across English and Spanish speak-
ing older persons. We could not make predictions regarding
mean level of performance given that reading was mea-
sured with different instruments, however, we hypoth-
esized that reading score and years of education would be
positively correlated to a similar extent in both groups, and
that no interaction effect would exist as function of lan-

guage group.

METHODS

Subjects

Participants were 342 older persons who received neuro-
psychological testing as part of the development process
for the Spanish and English Neuropsychological Assess-
ment Scales (SENAS). Participants were recruited via a
community screening program designed to identify and
recruit individuals with a broad range of cognitive function-
ing ranging from normal to demented. Recruitment was
designed to target ethnic minorities, to maximize heteroge-
neity of demographic characteristics, and to emphasize nor-
mal cognition and mild impairment. Inclusion criteria were
age 60 or over, and ability to speak either English or Span-
ish. Individuals were tested in either language according to
their preference. Those tested in English included 77 Whites,
114 Blacks, and 33 Hispanics. There were 118 Hispanics
tested in Spanish. Thirty-one percent of participants (n =
105) received a clinical evaluation including a detailed
medical history, physical and neurological exam, and clin-
ical neuropsychological assessment. A bilingual physician
examined Spanish-speaking patients and neuropsycholog-
ical tests were administered to Spanish speakers by fully
bilingual psychometrists. The Clinical Dementia Rating
(CDR) was completed based on a structured interview and
examination by raters who had completed online training
and certification developed by Dr. John Morris at Wash-
ington University. A family member or informant in close
contact with the participant was interviewed to obtain infor-
mation about level of independent functioning. Diagnostic
neuroimaging and routine dementia work-up laboratory tests
were a standard part of the protocol. The final diagnosis
was the consensus decision established at a multidisciplin-
ary case conference. A previous study showed that neuro-
psychological test results were equally related to clinical
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diagnosis in Whites and Hispanics in this sample (Mungas
et al., 2005).

Although one approach to subject selection for the cur-
rent study would be to include only those older persons
with cognitive functioning in the non-impaired range, we
could not systematically exclude participants with demen-
tia because only a subsample was clinically evaluated. Fur-
ther, prior studies of the WAT (Del Ser et al., 1997) and
NART (Crawford et al., 1989; Nelson & O’Connell, 1978)
have demonstrated comparable reading scores across healthy
controls and patients with mild AD, and such scores have
been shown to remain stable over time in the context of
cognitive decline associated with mild AD (Hart et al., 1986;
O’Carroll & Gilleard, 1986; Sharpe & O’Carroll, 1991).
However, to be sure that the presence of dementia in one
group did not systematically bias our findings, we analyzed
the proportion of individuals with this diagnosis across eth-
nic and language group.

Exclusion criteria included unstable major medical ill-
ness, major primary psychiatric disorder (history of schizo-
phrenia, bipolar disorder, or recurrent major depression),
and substance abuse or dependence in the last five years.
All participants signed informed consent under protocols
approved by institutional review boards at UC Davis, the
Veterans Administration Northern California Health Care
System, and San Joaquin General Hospital in Stockton, Cal-
ifornia. All data were collected in compliance with the reg-
ulations of these institutions’ internal review boards.

Reading measures

English reading level was measured with the American ver-
sion of the Nelson Adult Reading Test (AmNART; Grober
& Sliwinski, 1991). This measure includes 45 words with
irregular spelling to sound correspondence, whose proper
reading would depend on previous knowledge or exposure
to the words. Subjects are instructed to read each word
aloud. Items are presented in order of increasing difficulty
based on the number of subjects in the validation sample
(n=230) who read each word correctly. The authors reported
a Cronbach’s « coefficient of internal consistency of .93
and found the AmNART to be useful as an estimate of pre-
morbid intellectual functioning among patients with mild
to moderate dementia.

Spanish Reading level was measured using the 30-item
WAT (Del Ser et al., 1997). This measure was designed to
be equivalent to English language measures of reading rec-
ognition such as the NART (Nelson & O’Connell, 1978;
Nelson, 1982), which consists of words with an irregular
pronunciation whose proper reading would depend on
previous knowledge or exposure to the words. The authors
of the WAT, developed a measure in which the reader is
confronted with an ambiguous graphic clue: infrequent,
irregularly stressed words written in capital letters without
their accent marks. This format allows for some corre-
spondence with the NART, because correct pronunciation
depends on previous knowledge of the words. The authors
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of the WAT found a Cronbach’s « coefficient of internal
consistency of .91 and found the measure useful in estimat-
ing premorbid intellectual functioning among demented
patients.

Data analysis

A multiple group covariance structure analysis with mean
structures was performed using Mplus (Muthen & Muthen,
1998, 2004) to evaluate the relationship between years of
education and reading ability in the four ethnicity/language
groups: Blacks (B), Whites (W), Hispanics tested in English
(HE), and Hispanics tested in Spanish (HS). This essen-
tially involved a series of multiple group regression analy-
ses in which reading score was the dependent variable,
education was the independent variable, and regression
slopes and intercepts were systematically constrained to be
either equal across groups, or were allowed to freely vary.
In the baseline analyses, regression slopes and intercepts
were constrained to be equal. The next model constrained
slopes but allowed intercepts to freely vary across groups.
The third constrained intercepts, but allowed slopes to vary,
and in the final model, both slopes and intercepts were freely
estimated within language /ethnicity groups. Variances were
freely estimated in all models.

A maximum likelihood estimator (Muthen & Muthen,
1998, 2004) was used to evaluate model fit; that is, to test
the extent to which the observed within-group means and
covariances were reproduced by the various models. Model
fit was assessed with the model x? test, the standardized
root mean squared residual (SRMR; Bentler, 1995; Joreskog
& Sorbom, 1981), the root mean squared error of approxi-
mation (RMSEA; Browne & Cudek, 1993; Cudek &
Browne, 1983), the comparative fit index (CFI; Bentler,
1990), and the non-normed fit index (NNFI; Bentler & Bon-
nett, 1980; Tucker & Lewis, 1973). The y? test is known to
be highly sensitive to sample size, and can result in rejec-
tion of closely fitting models in large samples. As a result, a
number of fit indices have been proposed to better evaluate
model fit. SRMR supplemented by CFI and/or NNFI were
recommended by Hu and Bentler (1998) based on a simu-
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lation study that evaluated a number of different fit indices
and tested their relative sensitivity to model misspecifica-
tion under conditions involving different sample sizes and
deviations from distributional assumptions. MacCallum &
Austin (2000) recommended the RMSEA as a valuable addi-
tion to these fit indices. Generally, CFI and NNFI values of
.95 and higher are considered to indicate good fit, RMSEA
values of .05 to .06 and lower indicate good fit, whereas
values between .06 and .08 indicate adequate fit, and SRMR
values under .08 indicate good fit.

Relative fit of nested models was evaluated using the
difference in the y? test values from the two models, which
is distributed as y? test with degrees of freedom equal to
the difference in degrees of freedom associated with the
two models. Two models are nested when both include the
same parameters, but parameters that are freely estimated
in one model are constrained in the nested model.

A combined reading measure (READ) was created that
enabled simultaneous modeling of reading in English and
Spanish. The mean and standard deviation of the AmMNART
was calculated for all the participants tested in English who
reported that they were able to read English, and the mean
and standard deviation of the WAT were calculated for those
tested in Spanish who reported they could read Spanish.
These values were used to create standard scores [(reading
score — mean)/SD] that could then be combined in sub-
sequent analyses. This variable consisted of the AmMNART
based standard scores for the B, W, and HE groups and the
WAT based standard scores for the HS group. Whereas the
mean and SD for the AmMNART may not strictly have the
same significance as these values for the WAT, this approach
nevertheless allows for evaluating if a 1.0 SD difference in
the WAT has the same relationship to education as a 1.0 SD
difference in the AmNART.

RESULTS

Table 1 shows demographic characteristics of the partici-
pant sample by ethnic group and language. Table 2 describes
the language background of the Hispanic participants. Of
the 105 participants who received a clinical evaluation, 13%

Table 1. Demographic characteristics by language of test administration and ethnicity

Years of Education Reading Score

M (SD) Age M (SD)
Language Ethnicity N % Female [Range] M (SD) [Range]
English Whites 77 62.3 14.1 (3.2) 72.5 (6.8) 31.6 (10.2)
[7-21] [1-45]
English Blacks 114 71.9 13.1 (2.6) 72,5 (7.1) 21.4 (10.3)
[3-18] [0-43]
English Hispanic 33 63.6 11.5(3.5) 68.5 (6.4) 19.6 (13.4)
[0-18] [0-44]
Spanish Hispanic 118 72.9 5.1 (4.5) 69.4 (7.0) 16.7 (9.7)
[0-20] [0-30]
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were diagnosed with dementia; 13 cases were mild (CDR =
1), and one was moderate (CDR = 2). The proportion of
individuals diagnosed with dementia did not vary as a func-
tion of ethnic or language group, y2(3, N = 105) = 3.82,
p = .28, including 22% of Whites (4 of 14), 10% of Blacks
(4 of 37), 0% of Hispanic English speakers (0 of 11), and
17% of Hispanic Spanish speakers (6 of 29) who were
evaluated.

Fit indices for the separate multiple group Covariance
Structure Analyses (CSA) are presented in Table 3. (The fit
of the model where all parameters are freely estimated is
not presented since it is, by definition, perfect). The base-
line model in which both regression slopes and intercepts
were constrained to be equal across groups was poorly fit-
ting by all fit indices. The model in which intercepts were
freely estimated but slopes were constrained to equality fit
very well by all indices, but in contrast, model fit was mar-
ginal when intercepts were constrained to equality and slopes
were freely estimated (SRMR and CFI indicated adequate
fit, but y2(p < .05), NNFI, and RMSEA were sub-optimal).
These results indicate that the intercepts of the regressions
of reading on education significantly differ across groups,
but the slopes are the same. These results are presented in
Figure 1, which shows the model derived regression lines
for each group based on the final CSA model in which both
intercepts and slopes were freely estimated. Figure 1 shows
the similarity of slopes across groups. Intercepts for the B
and HE groups were very similar, but the intercepts for W
and HS were higher.

Secondary analyses were performed to better character-
ize the pattern of group differences in intercepts. Slopes
were constrained to equality in these analyses. First, inter-
cepts for W and HS were freely estimated but intercepts for
B and HE were constrained to be the same. All fit indices
indicated good model fit [ x>(4) = 0.7, p > .94, SRMR =
.02, CFI = 1.00, NNFI = 1.03, RMSEA = .00], which can

Education (Years)

Fig. 1. Model derived regressions of reading score on education
in ethnicity/language groups.

In order of highest to lowest y-intercept:

Small dotted line: Hispanic speaking Spanish

Large dotted line: English speaking Whites

Thick solid line: English speaking Blacks

Thin solid line: English speaking Hispanic

be interpreted as showing that the intercepts for B and HE
did not significantly differ. This served as a baseline model
that could be used to evaluate change in model fit associ-
ated with constraining intercepts for the W and HS groups.
When the intercepts for W, B, and HE were constrained to
equality, the overall model fit was poor [ x2(5) = 39.1,p <
.0001, SRMR = 0.18, CFI = .67, NNFI = .74, RMSEA =
.19] and the y? difference test comparing this model with
the baseline model was highly significant [ x2(1) = 38.4,
p < .0001]. Results were very similar when the intercepts
for HS, B, and HE were constrained to equality; overall
model fit was poor [ y2(1) =41.2, p <.0001, SRMR = .14,
CFI = .65, NNFI = .72, RMSEA = .19] and the y? differ-
ence test was highly significant (2 [1] = 40.4, p < .0001).
These results verify that the intercepts for the W and HS
groups were significantly higher than those for the B and W
groups. In the final analysis, the intercepts for B and HE
were constrained to be equal, and the intercepts for W and
HS were also constrained to equality. Overall model fit was
good [x2(5) = 5.0, p > .40, SRMR = .05, CFI = 1.00,
NNFI = 1.00, RMSEA = .01] but the y? difference test
comparing this model with the baseline model was signifi-
cant [ x2(1) = 4.3, p < .05], suggesting that the intercept
was higher for the HS group.

The difference between the HS intercept and the inter-
cepts from the W, B, and HE groups is of unclear signifi-

Table 3. Fit of multiple group covariance structure analysis models

Model x*(DF) SRMR CFI NNFI RMSEA
Slopes equal intercepts equal ~ 68.2 (6) .19 40 .60 23
Slopes equal intercepts free 4 (3) .02 1.00  1.03 .00
Slopes free intercepts equal 7.9 (3) .06 95 .94 .09

Note. Values of SRMR under .08, RMSEA under .06, and CFI and NNFI over .95 are

considered to indicate good fit.

https://doi.org/10.1017/51355617707070257 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617707070257

Reading and education

cance. Literally, this indicates that O years of education in
HS is associated with a higher reading level relative to the
overall distribution of reading in Spanish speakers than is 0
years of education in the other groups relative to the distri-
bution of reading in English speakers. Further studies are
required to verify that these metrics are strictly equivalent.
The comparisons among the three English-speaking groups
are of greater direct interest. As can be seen in Figure 1, the
reading level associated with 10 years of education in the
W group is about the same as that associated with 14 to 15
years of education in the B and HE groups.

DISCUSSION

Years of education has proven to be an integral consider-
ation in interpreting neuropsychological test performance
because it generally accounts for significant variability in
performance within cognitively healthy individuals (Heaton
et al., 1996; Howeison et al., 2004). Increasingly, however,
research involving multiethnic and multilingual samples has
challenged neuropsychologists to reconsider traditional
means of incorporating educational background into test
interpretation as striking differences in the educational qual-
ity across Whites and ethnic minorities, particularly in older
persons, result in systematic bias when adjusting only for
years of education in cross-cultural samples (Kaufman et al.,
1997; Loewenstein et al., 1994; Whitfield & Baker-Thomas,
1999). Whereas single word reading has been established
as a less culturally biased proxy for educational experience
(Hedges et al., 1994; Manly et al., 2002), the degree to
which reading score captures a broad range of educational
experience and does so in a consistent fashion across groups
has not been established.

The current study examined whether reading scores rise
predictably with each additional year of education in a multi-
ethnic and multilingual group of older persons, or whether
this relationship varies as a function of ethnicity or lan-
guage. Consistent with previous work, current results high-
lighted discrepant reading scores across Whites, Blacks and
older Hispanic English speaking persons with equivalent
years of formal education. That is, at each grade level, Whites
achieved significantly higher reading scores than Blacks
and Hispanic English speakers. For example, average read-
ing scores achieved by Whites at 10 years of education
were roughly equivalent to those achieved by both ethnic
minority groups at 15 years of education.

The intercept difference across the groups has several
potential interpretations that are not mutually exclusive.
There are variables confounded with ethnicity and lan-
guage that are important to consider, particularly those that
relate to socioeconomic status (SES). Although we did not
formally measure SES or occupation, it is very likely that
the White and ethnic minority older persons in our study
differed in these regards (Smith, 1984; Smith & Welch,
1977). Economic disadvantages often result in larger teacher-
student ratios and lower per pupil expenditures, variables
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that have been shown to correlate with reading achieve-
ment (Hedges et al., 1994), and may have impacted current
findings. It is also possible that early environmental factors
related to SES such as access to health care and community
resources (e.g., libraries), and exposure to informal educa-
tional experiences in the home differed systematically
between minorities and non-minorities, placing the former
at a disadvantage during formal schooling. Similarly, dif-
ferent degrees of exposure to reading in adulthood, likely
as a function of occupation, may have contributed to inter-
cept differences in reading scores across ethnicity.

Additionally, the individuals in this study come from
diverse cultural backgrounds, another difference which may
have contributed to discrepant reading performance. The
effects of culture on cognitive testing can be multifold
(Ardila, 2005; Geertz, 2000). At a general level, culture
specific values and beliefs might influence perceptions of
the testing environment, the purpose and value of the
research, and the significance of the reading evaluation.
Existing work has shown that the degree of acculturation
within minority populations impacts performance on cog-
nitive tests such that individuals who are more assimilated
into the majority culture demonstrate higher cognitive
scores (Manly et al., 1998b). It is also possible that test
specific qualities, such as the words included in the
AmMNART, are tailored to reading experiences of the dom-
inant culture and thus might systematically bias this test
as a measure of reading ability in minorities. This hypoth-
esis would be directly testable using modern psychometric
methods to evaluate item-level differential item function
(DIF) and its impact on the overall reading score. This is an
important area for further study and one that we plan to
address specifically with data from this project.

Despite discordant reading scores across English speak-
ing groups matched for total years of education, however,
an important finding is that the magnitude of differences
(slope) did not vary by grade level. That is, we found a
similar linear relationship between reading scores and years
of education in Whites, African Americans, and Hispanics
such that approximately four years of additional education
were associated with a 0.5 SD improvement in reading scores
in all three groups. Equivalent reading score slopes across
minorities and non-minorities suggest that despite the dis-
crepancy in scores, which exists at every grade, each addi-
tional year of schooling provides an equivalent improvement
in reading scores across ethnic groups. That is, the factors
that lead to lower reading scores in the ethnic minority
groups do not appear to have a cumulative effect over time
that would result in a larger discrepancy at the higher grades.

The second goal of this study was to determine whether
or not reading scores rise consistently with years of educa-
tion across English and Spanish speakers. Essentially, the
same pattern emerged as when the analyses were con-
stricted to English speakers, such that WAT and AmNART
scores increased to a similar extent with each additional
year of education. Results support the use of reading scores
as estimates of educational quality in multiethnic and multi-
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lingual groups, regardless of the number of years that an
individual attended formal schooling. Importantly, the
absence of interaction effects as a function of ethnicity or
language group also allows for the combination of reading
score and years of education within a single statistical
analysis.

Whereas WAT scores were significantly higher than
AmNart scores at each grade level, the true import of this
finding is unclear. Because the two tests were normalized
based on performance within the Spanish and English speak-
ing groups, respectively, the distributions of scores are not
directly comparable. There were very few English speakers
in this study with less than eight years of formal education.
The fact that the Spanish speaking sample had significantly
fewer years of education than the English speaking group
raises one possible interpretation of the data. A high pro-
portion of subjects attaining very low raw scores on the
WAT would in effect shift the distribution of standardized
scores to the right, resulting in a higher reading z-score at
zero years of education in the Spanish speakers than in the
English speaking groups. It is also possible that the two
reading tests measure different aspects of reading ability, or
differ in their overall level of difficulty, and additional
research is certainly needed to explore these issues. For
practical purposes, however, differences in the y-intercept
across the WAT and AmNART can be adjusted to accom-
modate statistical analysis.

In sum, the broad goal of this study was to evaluate the
extent to which reading scores measure the same construct
in multilingual and multiethnic older persons. Consistent
with previous work, intercept differences across the groups
suggest that variables which are frequently confounded with
ethnicity, seem to impact lifetime educational experience,
and reading tests reflect an aspect of this educational expe-
rience not captured by total years of education. Despite
differences in reading scores at each grade level, the mag-
nitude of differences from one grade level to the next was
linear across all years of education and comparable across
ethnic and language groups. Documenting this pattern of
scores across each group is an important step in estab-
lishing that reading tests measure similar constructs in
multiethnic and multilingual groups, and can be treated com-
parably in statistical analyses required for cross cultural
work.

The cross-sectional design of the current study limits inter-
pretation of the relationship between reading scores and
years of education in all groups. Because the same individ-
uals were not followed over time, we cannot comment on
the rate of reading score increase with additional education
in a given individual. That is, those whose highest grade
achieved was 6 years did not go onto achieve 7 or 12 years
of school. Thus, average reading scores per grade level are
defined by individuals who subsequently stopped attending
school at that level, an issue that may effectively lower the
average reading score per grade when compared to a longi-
tudinal design. That is, reading scores at the 6th grade level
in a sample of individuals who ultimately obtained a high
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school education might be higher than those seen in a cross-
sectional sample, because the former group might experi-
ence more success in an academic environment. However,
we should not assume that mean scores in a longitudinal
design would rise consistently in each ethnic or language
group. Reading score slopes might vary across groups
because of a cumulative effect of differences in educational
quality. It is also possible that the factors that lead an indi-
vidual to leave school after a particular grade level differ
across ethnic and linguistic groups; this might also result in
discrepant reading score slopes across ethnic groups that
could only be observed in a longitudinal design.

Nonetheless, the current study establishes an important
aspect of between-group psychometric equivalence for read-
ing scores, a finding which facilitates the study of more
sophisticated questions examining educational experience
as it relates to cognitive functioning in multiethnic and multi-
lingual samples. In particular, the degree to which years of
education and reading score differentially impact aspects of
cognition such as episodic memory, executive functioning,
visuospatial skills, and semantic knowledge in healthy and
clinical populations is unclear. Moreover, it remains to be
determined whether or not such relationships vary as a func-
tion of ethnicity or language group, an issue that we are
examining in a follow up study.

Although 4% of our sample carried a dementia diagno-
sis, we could not systematically examine their reading scores
in comparison to those of older cognitively healthy persons
because only 30% of all participants underwent clinical
evaluation. It is possible that reading scores in participants
with dementia lowered the mean scores in our sample (Pat-
terson et al., 1994; Storandt et al., 1995; Taylor et al., 1996);
however, the majority of dementia cases in our sample were
mild (13 of 14), and many studies have suggested that sin-
gle word reading is preserved in early dementia (Crawford
etal., 1989; Del Ser et al., 1997; Hart et al., 1986; Nelson &
O’Connell, 1978; O’Carroll & Gilleard, 1986; Sharpe &
O’Carroll, 1991). Importantly, the proportion of individu-
als with dementia in our sample did not differ by ethnicity
or language, suggesting that any potential effect of cogni-
tive impairment on the current data would not vary across
group. Further, it does not seem that either the WAT or
AmNART was differentially sensitive to the presence of
cognitive impairment, because an interaction between read-
ing and education was not present across language group.
In the future, it will be important to clarify the way in
which reading score relates to years of education and cog-
nitive abilities over the course of dementia in multiethnic
and multilingual groups.
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