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This study investigated the differential predictive validity of the Developing Cognitive
Abilities Test (DCAT) in a heterogeneous sample of 863 sixth-grade students. Bias was
assessed across gender, race/ethnicity, and socioeconomic dimensions. Level H of the
DCAT was administered during the students’ sixth-grade year, and selected subtests
from the Iowa Tests of Basic Skills (ITBS) were administered 8 months later during their
seventh-grade year. Overall, results indicated a general lack of bias in the DCAT in pre-
dicting ITBS scores across gender, race/ethnicity, and socioeconomic groups.

The Developing Cognitive Abilities Test (DCAT) (Beggs & Mouw, 1980)
is a group-administered test that reflects Bloom’s (1956) hierarchy of cogni-
tive development within three content areas (verbal, quantitative, and spa-
tial). The DCAT was revised and restandardized in 1989 with items continu-
ing to reflect Bloom’s taxonomy. Basic cognitive abilities tap knowledge and
comprehension, application abilities tap application, and critical thinking
abilities tap analysis and synthesis abilities within each of the three content
areas (verbal, quantitative, and spatial) (Wick, 1990). Designed to assess the
cognitive abilities of children in Grades 1 through 12, each level (C/D
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through L) of the DCAT is composed of 27 items for each content area for a
total of 81 test items.

The DCAT is part of the Comprehensive Assessment Program that also
includes the National Achievement Test and the School Attitude Measure.
All three measures were conormed and nationally standardized from 1988 to
1989 using a stratified, multistage probability sample with 92,397 students.
The DCAT “provides continuous measurement of student growth from
grades 1 through 12” and is purported to be useful in educational decision
making and student evaluation (Wick, 1990, p. 1). Other uses of the DCAT
include simultaneous use with achievement batteries and attitude measures
to develop profiles and identify discrepancies, strengths, and weaknesses that
could be used in determining areas for intervention (Wick, 1990). The DCAT
is also used as a screening measure for identifying potentially gifted students
in an objective manner (Wick, 1990). Perhaps the most important distin-
guishing characteristic of the DCAT is the link between specific items and
Bloom’s (1956) cognitive taxonomy.

Criterion-related validity studies, although few, have shown the DCAT to
have statistically significant positive relationships with other ability mea-
sures such as the Wechsler Intelligence Scale for Children—Revised
(WISC-R) and the Slosson Intelligence Test (SIT) (Karnes & Lee, 1984;
Karnes, Whorton, Currie, & Cantrall, 1986) but not with the Stanford Binet
Intelligence Scale Form LM (Karnes et al., 1986). However, the reported cor-
relations between the DCAT and the WISC-R and SIT were low (< .35) and
accounted for less than 12% shared variance. These low correlations are
probably the result of restricted range, as the samples used in these studies
were composed of gifted students, a more homogeneous group than typically
used in validity studies.

Farley and Elmore (1992) found that the three subtests of the DCAT pre-
dicted performance on the Iowa Silent Reading Test (ISRT) in a sample of
165 underachieving 1st-year college students. The DCAT Verbal subtest was
a better predictor of ISRT performance than the DCAT Quantitative or Spa-
tial subtests (the DCAT Total score was not examined). The correlations,
however, were generally low with only one greater than .40 (DCAT Ver-
bal-ISRT Vocabulary, » = .49). Perhaps due to restricted range, the DCAT
subtests separately accounted for less than 12% of the achievement variabil-
ity. However, multiple regression analyses indicated that both the DCAT Ver-
bal and Spatial subtests added statistically significant contribution to predic-
tion of various types of reading comprehension. Khanna and Leitner (1992)
reported that the DCAT moderately predicted freshman college GPA at levels
comparable to ACT scores. Khanna and Sheehan (1992) provided support for
the construct validity of the DCAT and its use in assessing and identifying
gifted students. They found that students scoring high on the Comprehensive
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Tests of Basic Skills (CTBS) also performed better in Application and Criti-
cal Thinking items of the DCAT than students scoring low on the CTBS.

Henry and Bardo (1987) found statistically significant relationships
between the DCAT and the Achievement Series Test (Achievement Series
Technical Manual, 1979) in a heterogeneous sample of 7,007 students in 4th
through 12th grades who were part of the DCAT standardization sample.
Correlations were moderate to high in magnitude and provided better esti-
mates of the true relations than previous published studies due to examination
of alarge sample of “normal” youths. Correlations between the DCAT Verbal
subtest and Achievement Series Reading and Language subtests were higher
than correlations between the DCAT Verbal subtest and the Achievement
Series Mathematics subtest. Correlations between the DCAT Quantitative
subtest and Achievement Series Mathematics subtest were higher than corre-
lations between the DCAT Quantitative subtest and Achievement Series
Reading and Language subtests, supporting the DCAT’s construct (conver-
gent) validity. Henry and Bardo (1990) later found the DCAT subtests and
Total score moderately predicted later performance on the Medical College
Admissions Test (MCAT) in a sample of 122 nontraditional premedical stu-
dents. The DCAT Total score was the single best predictor of MCAT Biology,
Physics, Science Problems, and Quantitative scores based on stepwise
regression analyses.

Canivez (2000) replicated the findings of Henry and Bardo (1987) as the
DCAT was found to have statistically significant and substantial predictive
validity coefficients with the Iowa Tests of Basic Skills (ITBS) (Hieronymus
et al., 1990). Canivez also found that the DCAT Verbal subtests correlated
significantly higher with the ITBS Reading, Language, and Vocabulary
subtests than did the DCAT Quantitative or Spatial subtests. The DCAT
Quantitative subtest correlated significantly higher with the ITBS Mathemat-
ics subtest than did the DCAT Verbal or Spatial subtests, thus providing addi-
tional evidence to support the DCAT’s construct validity.

Intelligence tests or measures of mental/cognitive abilities such as the
DCAT are frequently used as predictors of school achievement. When con-
sidering the predictive validity of scores on cognitive ability tests, itis critical
to examine the potential bias among ethnic minorities, gender, and socioeco-
nomic status (SES). Reynolds and Kaiser (1990) indicated that test bias
related to differential predictive validity is the most serious form of test bias.
In studies of the WISC, WISC-R, and WISC-III (Wechsler, 1949, 1974,
1991), results indicated that they generally predict achievement equally well
across different groups, and, although rare, when differential predictive
validity has been found, achievement of minority students is typically
overpredicted (Poteat, Wuensch, & Gregg, 1988; Reschly & Reschly, 1979;
Reschly & Sabers, 1979; Reynolds & Gutkin, 1980; Reynolds & Hartlage,
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1979; Weiss & Prifitera, 1995; Weiss, Prifitera, & Roid, 1993). In two sepa-
rate studies of predictive validity, Canivez (1997, 1998) found that coeffi-
cients of the DCAT and ITBS did not differ between Caucasians and
Black/African Americans, Hispanic/Latinos, or Native Americans, although
these ethnic minorities obtained significantly lower scores than Caucasians
on both the DCAT and ITBS. Although this preliminary evidence indicated
that regression line slopes for Caucasians, Black/African Americans, His-
panic/Latinos, and Native Americans were similar (i.e., no slope bias), it is
possible that y-intercept bias might be present, which might suggest that the
DCAT may overpredict or underpredict ITBS scores for various minority
groups. To adequately study both slope and y-intercept bias, the present study
used multivariate techniques for testing both slope and intercept bias simulta-
neously (Potthoff, 1966; Reynolds & Kaiser, 1990).

Method

Participants

Participants from the Canivez (2000) study were used in the present study
to investigate bias in the DCAT and were previously described in detail. The
sample (N = 863) was composed of approximately equal numbers of males
(48%) and females (52%). These students were heterogeneous with respect
to both race/ethnicity and SES. Racial/ethnic classifications included Cauca-
sians (n = 566), Black/African Americans (n = 77), Hispanic/Latinos (n =
170), Native Americans (n=28), and Asian Americans (n=22). SES classifi-
cations were made by considering the student’s eligibility for the free or
reduced school lunch program within the school district that is based on fam-
ily size and income. Accordingly, four categories were identified: no free or
reduced lunch (n =558), reduced lunch (n =70), free lunch (n = 130), and free
lunch with Aid to Families With Dependent Children (AFDC) (n = 105). Of
the total sample, 778 (90.2%) students’ primary home language was English,
62 (7.2%) students’ primary home language was Spanish, and the remaining
23 (2.6%) students’ primary home languages was some type of Asian or
Native American language. All students in the present sample were deter-
mined to be English proficient by school personnel. Students in special edu-
cation were not specifically excluded from administration of the DCAT or
ITBS, but data on special education participation were not available and thus
unknown in this sample.

Instruments

Predictor. The DCAT (Wick, Beggs, & Mouw, 1989) is a group-adminis-
tered test of mental abilities for students in Grades 1 through 12 (Level C/D
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through Level L), which includes Verbal, Quantitative, and Spatial subtests
that combine to provide a Total score. Internal consistency (KR-20) coeffi-
cients for each grade, level, content area, and thinking skills area are pre-
sented in the technical manual and are acceptable, ranging from .70 to .96.
Most of the internal consistency estimates were in the mid-.80s (Wick, 1990).
As expected, internal consistency estimates were highest for the DCAT Total
score, a global composite score, ranging from .88 (Grade 1, Level C/D) to .96
(Grade 4, Level F).

A review of the original DCAT by Fox (1985) indicated that score reliabil-
ity was good but that validity research was greatly needed. Aylward’s (1992)
review of the current edition of the DCAT was positive, indicating that it was
well designed, psychometrically sound, and provided a broad range of
assessment requiring recall, recognition, application, transformation, and
integration skills. Aylward also noted the lack of validity data in the DCAT
manual.

Criterion. The ITBS (Hieronymus et al., 1992) is a popular group-admin-
istered test of academic achievement composed of Vocabulary, Reading,
Language Usage, Work Study, and Mathematics subtests. Test-retest stabil-
ity coefficients over a 1-year time interval were mostly in the .70 to .90 range,
and internal consistency and alternate forms reliability coefficients were in
the .80s and .90s (Gregory, 1996). Reviews by Lane (1992) and Raju (1992)
were positive, noting sound measurement practices, high technical standards
(i.e., internal consistency and alternate forms reliability), and good content
validity.

Procedure

Students were administered Level H of the DCAT in March 1993 by their
sixth-grade classroom teachers as part of the school district’s gifted educa-
tion screening and evaluation process. Test answer forms were sent to the test
publisher for scoring, and results were returned to the school district on a data
disk. The DCAT data set included raw scores and percentile ranks. Selected
subtests (Vocabulary, Reading, Language Usage, Mathematics Problem
Solving) from the ITBS were administered in October 1993 during the stu-
dents’ seventh-grade year as part of the state-mandated academic achieve-
ment testing program. This provided a natural opportunity to investigate the
short-term predictive validity of DCAT scores. ITBS results were also pro-
vided to the district on data disks. The ITBS data set included raw scores,
grade equivalent scores, percentile ranks, and normal curve equivalent
scores. DCAT and ITBS data sets were merged using the common student
identification number for analyses. All data analyses used raw score data due
to the absence of standard scores for the DCAT.
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Data Analyses

A thorough investigation of differential criterion-related validity (predic-
tive validity) involves joint consideration of both y-intercept and slope differ-
ences among groups (Potthoff, 1966; Reynolds & Kaiser, 1990). Potthoff’s
(1966) procedure is often used for addressing issues of differential prediction
(Bossard, Reynolds, & Gutkin, 1980; Glutting, 1986; Glutting, Oakland,
Konold, 1994; Weiss & Prifitera, 1995) because it provides a simultaneous F
test for both intercept and slope differences, thereby controlling Type I error
rates. Following the identification of a statistically significant omnibus F; the
procedure provides follow-up comparisons to detect whether differences
exist between y intercepts, slopes, or both. When either y-intercept or slope
differences are found, the use of a common regression equation generally
results in underpredicting criterion performance for the group with the higher
mean criterion score. In the former case, errors of prediction are constant
across all points of the predictor. However, slope differences suggest nonpar-
allel regression lines and nonconstant errors of prediction, wherein the size of
the errors vary across different points of the predictor scale. Nonconstant
errors of prediction are also problematic when both y-intercept and slope dif-
ferences are observed; here, however, interpretations become more challeng-
ing because the direction of bias may change if regression lines cross (see
Reynolds & Kaiser, 1990).

Potthoff’s (1966) procedure was used to investigate criterion-related (pre-
dictive validity) bias with the DCAT and ITBS. Students’ DCAT Total raw
scores were used to predict the ITBS Reading, Language, Mathematics, and
Vocabulary raw scores. Equality of slopes and y intercepts was investigated
between classifications of race/ethnicity (Caucasians vs. African Americans,
Caucasians vs. Hispanics), gender (males vs. females), and SES (no
free/reduced lunch vs. reduced lunch, no free/reduced lunch vs. free lunch,
no free/reduced lunch vs. free lunch and AFDC) for each of the four ITBS
achievement scores. Type I error rates among the simultaneous tests were
controlled through Bonferroni adjustments within each achievement crite-
rion under consideration (n = 6). Groups are said to be underpredicted when
the use of a common regression equation would result in a lower predicted
score. Native Americans and Asian Americans were not included in the anal-
yses because of their low prevalence in the present sample. The small sample
sizes of these two groups were believed to preclude the ability to obtain stable
parameter estimates and thereby render subsequent results inconclusive.

Groups demonstrating statistically significant simultaneous tests were
subsequently evaluated for y-intercept and slope differences. Because statis-
tically significant slope and/or intercept differences may be small from a
practical perspective (Weiss & Prifitera, 1995), effect sizes () are provided
in absolute value for all statistically significant contrasts. The effect size for
statistically significant y-intercept differences were calculated by comparing
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the average predicted score obtained from the separate group regression
equation to the average predicted score that would be obtained from a com-
mon equation. Effect sizes for statistically significant slope differences were
obtained by comparing predicted scores between the separate group equa-
tions and the common regression equation at various points across the predic-
tor scale. Cohen’s (1988) recommendations for small (.2), medium (.5), and
large (.8) effect sizes served as a rough guideline for interpretation.

Results

Table 1 provides the sample means and standard deviations for the ITBS
achievement raw scores and DCAT Total raw scores. These are presented for
the total sample as well as by race/ethnicity, gender, and SES. Predictive
validity coefficients for the DCAT Total raw score and ITBS achievement
raw scores are presented in Table 2. Coefficients for Reading, Language,
Mathematics, and Vocabulary were all moderately high and statistically sig-
nificant when the total sample was considered (all ps < .05). A similar trend
was observed when validity coefficients were investigated separately within
each of the nine demographic groups under consideration. These moderately
high coefficients were all found to be statistically significant (ps < .05).

The more important question in test bias investigations, however, is not
whether validity coefficients exceed zero but whether differential validity
exists between groups (Flaughter, 1978; Humphreys, 1973). Differential
validity was addressed by testing for constant errors in prediction (i.e., differ-
ences in regression slopes and criterion intercepts) through a set of 24 analy-
ses using Potthoff’s (1966) procedure. No statistically significant differences
were observed for 20 comparisons when Type I error rates were controlled as
reported in Table 3. The 4 statistically significant comparisons occurred
when predicting Reading (males vs. females and no free/reduced lunch vs.
free lunch), Language (males vs. females), and Vocabulary (Caucasians vs.
Hispanics). No constant errors in prediction were observed among the six
demographic contrasts when predicting Mathematics achievement.

Follow-up tests of slope and y-intercept differences were conducted
among the four demographic contrasts where bias was indicated. These
results revealed only y-intercept differences among three of the four con-
trasts. In these instances, the bias operated to underpredict achievements for
groups displaying higher criterion scores: Caucasians were underpredicted
when compared to Hispanics on the ITBS Vocabulary subtest, F(1, 733) =
9.03,p <.01, cucasion =05, Hispanic = -13, and females were underpredicted
when compared to males on both the ITBS Reading, F(1, 860) =41.19, p <
001, fopaes=-14, =.15, and Language subtests, F(1, 860) =97.55,p <
001, fepmates = 22, =.24.

The remaining contrast that demonstrated bias revealed both slope, F(1,
684) =7.18, p < .01, and y-intercept differences, F(1, 685) = 3.87, p < .05,

males

males
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Table 1

Raw Score Means and Standard Deviations of the lowa Tests of Basic Skills (ITBS)
and Developing Cognitive Abilities Test (DCAT) Scales for the Total Sample and

Demographic Groups

ITBS DCAT
Group Reading Language Mathematics Vocabulary  Total
Total sample
M 28.8 27.0 15.5 23.4 459
SD 10.1 7.3 5.6 6.4 10.8
Race
Caucasian
M 30.5 28.3 16.5 24.8 48.4
SD 10.1 7.3 5.6 6.4 10.8
Black/African American
M 24.2 23.1 12.3 19.8 36.8
SD 7.9 6.6 4.2 5.6 9.2
Hispanic/Latino
M 26.0 24.8 13.5 20.8 41.7
SD 8.9 6.7 54 6.0 10.4
Gender
Male
M 27.6 25.4 15.9 233 46.3
SD 10.0 74 5.9 6.9 11.7
Female
M 30.0 28.4 15.1 23.5 454
SD 9.7 6.9 54 6.2 11.0
Lunch status (socioeconomic status)
No free/reduced lunch
M 30.5 28.1 16.2 24.4 47.6
SD 10.1 7.1 5.7 6.4 11.3
Reduced lunch
M 27.6 25.9 15.2 22.9 46.0
SD 9.5 7.6 5.5 6.4 10.5
Free lunch
M 26.6 25.5 14.3 21.7 43.5
SD 9.3 7.0 5.5 6.6 11.3
Free lunch and AFDC
M 23.9 23.7 13.1 20.5 39.6
SD 7.6 6.8 4.8 6.0 94

Note. AFDC = Aid to Families With Dependent Children.

between children receiving free lunch and children not receiving free/
reduced lunch on the ITBS Reading subtest. When predicted scores from
these two groups were compared to a common regression equation, children
not receiving free/reduced lunch and obtaining very low DCAT scores (i.e.,
three standard deviations below the mean) were slightly overpredicted, =
.02. The same group of students was underpredicted in comparison to a com-
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Table 2

Pearson Product-Moment Correlation Coefficients Between the Developing Cognitive
Abilities Test (DCAT) and the lowa Tests of Basic Skills (ITBS) for Total Sample and Nine
Demographic Subgroups

ITBS
DCAT Total by Group Reading Language Mathematics Vocabulary
Total sample 72 .70 74 73
Caucasian 72 .67 74 72
Black/African American .55 .64 .62 74
Hispanic/Latino .68 .68 .69 .66
Male 74 71 .76 71
Female 72 72 72 .76
No free/reduced lunch 73 .70 75 74
Reduced lunch .68 .64 .67 .69
Free lunch .60 .62 .68 .70
Free lunch and AFDC .69 .66 1 .63

Note. AFDC = Aid to Families With Dependent Children. All correlation coefficients were statistically signifi-
cant, p <.05, when Type [ error rates were controlled through Bonferroni adjustments within the total sample
(n =4) and each demographic category (i.e., ethnicity, n = 12; gender, n = 8; and SES, n = 16).

mon regression equation when their obtained DCAT score was at or above
two standard deviations below the mean. Although the effect sizes for this
group of children were small, the values demonstrated a steady increase
across the DCAT scale, from a low of = .002 at two standard deviations
below the mean to a high of = .12 at three standard deviations above the
mean. The direction of bias for children receiving free lunch was also found
to be dependent on their DCAT score. Children receiving free lunch and scor-
ing low on the DCAT (i.e., at or below one standard deviation below the
mean) would be underpredicted on the ITBS Reading subtest if a common
regression equation were employed. The largest effect size for this group of
children was obtained for those obtaining DCAT scores three standard devia-
tions below the mean, = .34. Thereafter, effect sizes declined as DCAT
scores increased from two standard deviations below the mean, =.19, to
one standard deviation below the mean, =.04. Conversely, children receiv-
ing free lunch and obtaining DCAT scores at or above the mean were
overpredicted on the ITBS Reading subtest when a common regression equa-
tion was used. Effect sizes for this group of children demonstrated a steady
increase for children obtaining DCAT scores at the mean to those scoring
three standard deviations above the mean, ...=.11, . . andard deviation = - 20>
=41, =.56.

+ two standard deviations + three standard deviations

Discussion

Results of the present study are quite similar to results obtained with other
measures of intellectual or cognitive abilities (Poteat et al., 1988; Reschly &
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Table 3

Effect Sizes and F Values (and degrees of freedom) for Simultaneous

Slope and y-Intercept Comparisons Between Developing Cognitive

Abilities Test (DCAT) Total Score and lowa Tests of Basic Skills (ITBS) Scales

ITBS
Demographic Comparison Reading Language  Mathematics Vocabulary
Caucasian versus Black/African
American 0.62 0.71 0.76 0.78
3.64 0.01 2.10 0.08
(2,639) (2,639) (2,639) (2,639)
Caucasian versus Hispanic/Latino 0.45 0.48 0.54 0.62
1.45 0.52 1.47 5.33*
(2,732) (2,732) (2,732) (2,732)
Male versus female 0.23 0.40 0.15 0.03
20.60%* 48.72%%* 2.59 1.77
(2,859) (2,859) (2,859) (2,859)
No free/reduced lunch versus
reduced lunch 0.29 0.30 0.18 0.24
2.22 2.55 0.44 1.16
(2,624) (2,624) (2,624) (2,624)
No free/reduced lunch versus
free lunch 0.40 0.35 0.34 0.43
5.54% 2.05 1.23 2.50
(2,684) (2,684) (2,684) (2,684)
No free/reduced lunch versus
free lunch and AFDC 0.66 0.60 0.56 0.62
2.81 141 0.12 0.86
(2,659) (2,659) (2,659) (2,659)

Note. AFDC = Aid to Families With Dependent Children. Tabled effect sizes (reported above F values) were
calculated by comparing the average predicted scores obtained from the separate group regression equations.
Type I error rates were controlled through Bonferroni adjustments applied within each matrix to the number of
simultaneous-test comparisons (n = 6).

#p <.05. **p < .01.

Reschly, 1979; Reschly & Sabers, 1979; Reynolds & Gutkin, 1980; Reynolds &
Hartlage, 1979; Weiss et al., 1993; Weiss & Prifitera, 1995). The observation
of no differential prediction in ITBS Reading, Language, Mathematics, or
Vocabulary performance for Black/African American students in the present
study is consistent with results found with the WISC-III and WIAT (Weiss &
Prifitera, 1995). Among Hispanic/Latino students, only the ITBS Vocabu-
lary subtest was differentially predicted in the present study and was
restricted to y-intercept bias, indicating that ITBS Vocabulary scores of
Hispanic/Latino students were overpredicted by the DCAT. However, the
practical significance of this overprediction was found to be trivial, =.13.
Contrasts related to gender found no evidence of slope bias but yielded
differential y intercepts for ITBS Reading and Language in which male ITBS
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performance was overpredicted. Weiss and Prifitera (1995) also found the
WISC-III to overpredict reading performance on the WIAT for males, but no
differential prediction was observed in the language area. Here again, the
overprediction observed for males in the present study was found to be of lit-
tle practical significance for both Reading, =.15,and Language, =.24.

SES was the only variable to show both slope and y-intercept bias, which
was limited to the ITBS Reading subtest comparison between the no free
lunch and free lunch groups. The intersecting regression lines for these two
groups make interpretation somewhat confusing in that ITBS Reading scores
were underpredicted for those receiving free lunch when their DCAT scores
were low, whereas ITBS Reading was overpredicted for those receiving free
lunch when their DCAT scores were high. However, interpretations become
clearer when effect sizes are considered with respect to Cohen’s (1988) clas-
sification system. In this context, children receiving free lunch and obtaining
DCAT scores two or more standard deviations above the mean were found to
be overpredicted on the ITBS Reading subtest with a medium effect size. All
other predicted differences for this group can be considered small in practical
terms.

Limitations of the present study include examining the predictive validity
of only one level of the DCAT (Level H). Thus, results may not generalize to
other age groups or levels of the DCAT. Also, the time delay in administering
the ITBS was approximately 8 months. Longer time intervals between DCAT
and ITBS testing should be the topic of future research to examine the influ-
ence of time on the differential predictive validity of the DCAT. Finally, these
data were obtained from one metropolitan school district in the Southwest,
and although the sample was diverse with respect to race/ethnicity, gender,
home language, and SES, it was not selected to be representative of the larger
national population. Future studies should attempt to use more representative
samples to generalize to the larger population. These findings, however, are
certainly encouraging in that the DCAT appears to provide a generally unbi-
ased assessment of cognitive abilities across race/ethnicity, gender, and SES.
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