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Assessment practitioners are often encouraged to adopt an “intelligent” approach to the interpreta-
tion of intelligence tests. A fundamental assumption of the “intelligent testing” philosophy is that
psychometric test information (e.g., subtest g loadings) should be considered during the interpre-
tive process. The relevant psychometric information is provided in the form of sample-based esti-
mates. Unfortunately, the accuracy of these estimates, and the subsequent qualitative classification
of intelligence subtests (e.g., good, fair, poor), are influenced to an unknown degree by sampling
error. The current study demonstrated how data smoothing procedures, procedures commonly used
in the development of continuous test norms, can be used to provide better estimates of the relia-
bility, uniqueness, and general factor characteristics for the WISC-III subtests. q 1997 John Wiley
& Sons, Inc.

Assessment personnel are often encouraged to adopt an “intelligent” approach to the interpre-
tation of intelligence test batteries. A fundamental assumption of the “intelligent testing” philoso-
phy (Kaufman, 1979, 1994) is that psychometric test information (e.g., subtest g loadings) should be
considered during the interpretive process. Such information includes (but is not limited to) knowl-
edge of each subtest’s reliability, validity, uniqueness, and general factor characteristics. This psy-
chometric information is obtained through the application of appropriate statistical procedures (e.g.,
factor analysis) to age or grade-based subsamples of a test batteries standardization sample.

Although the subsamples upon which subtest psychometric information is calculated are typi-
cally large, these test statistics are sample-based estimates and thus, contain sampling error (Mc-
Grew, 1994). Diekhoff (1992, p. 87) states that “because no sample is likely to match the population
from which it is drawn in every way, the samples can be said to be in error, thus the term sampling
error.” For example, the internal consistency reliabilities for the WISC-III Digit Span test (Wechsler,
1991) are plotted by age in Figure 1. Visual inspection of the sample-based reliability coefficients in
Figure 1 reveals a systematic age-related increasing trend, but also variation or “bounce” between
adjacent age groups. This variation most likely reflects sampling error. If it were possible to calcu-
late the subtest reliabilities for the entire population at each age level, the plotted reliabilities would
most likely be more consistent (i.e., display less age-to-age variation). The data presented in Figure
1 indicates that a sample-based reliability coefficient at a specific age may be a biased over- or un-
derestimate of the true population reliability.

Test developers have long recognized the effect of sampling error on the means and standard
deviations for test scores calculated from the age- or grade-based standardization subsamples. To
deal with the resulting sampling bias, smoothing or curve fitting procedures (Goodall, 1990) are typ-
ically used to more accurately estimate the population means and standard deviations. The goal of
smoothing is to separate the data into a smoothed component that approximates the population pa-
rameters and a rough component that represents sampling error (Goodall, 1990).

Within a series of related statistical estimates, smoothing techniques replace a particular sam-
ple estimate with a value that is based on some form of averaging of surrounding observations. These
smoothed values, and not the biased sample estimates, are used to develop a test’s final norm tables
(Zachary & Gorsuch, 1985). These “continuous norming” based estimates are better estimates of the
population parameters for each age group because they are derived from analyses of all subjects in
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the normative sample, not just from those of one age level (Zachary & Gorsuch, 1985). Although
frequently applied to the development of a test’s norms, test developers have not attempted to ac-
count for sampling error in the calculation and estimation of other important test characteristics.

Following the recommendation of Zachary and Gorsuch (1985), the purpose of this study was
to demonstrate the application of data smoothing or curve-fitting procedures to the estimation of oth-
er psychometric information important in the interpretation of intelligence tests. More specifically,
data smoothing techniques were applied to the calculation of three WISC-III subtest psychometric
characteristics (i.e., general factor or g loadings, uniqueness, and reliability) that are often mentioned
as critical to the test interpretation process (e.g., see Kaufman, 1979, 1990, 1994).

Briefly, subtest g loadings are typically based on each subtest’s loading on the first unrotated
factor or component in principal factor or component analyses. The g loading estimates are inter-
preted as reflecting each subtest’s relationship to the theoretical construct of general intelligence (g)
and are believed to be useful when evaluating whether a specific subtest deviation from a test bat-
tery profile may be clinically significant (Kaufman, 1994). Test uniqueness or specificity refers to
the portion of a subtest’s variance that is unique to the test (Kaufman, 1979, 1990). Uniqueness is
used to determine the degree to which a subtest can be interpreted as measuring a unique ability that
is not accounted for by abilities shared with other tests within an intelligence battery. Finally, relia-
bility “refers to the degree to which test scores are free from errors of measurement” (APA, 1985, p.
19), and is thus important in determining to what extent a subtest’s scores are accurate and constant
and not due to random variation.

The purpose of this study was not to focus on the clinical relevance of subtest g, uniqueness, or
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Figure 1. WISC-III Digit Span sample-based reliabilities by age.
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reliability when interpreting the WISC-III subtests. Rather, the purpose of this study was to demon-
strate how better estimates of these WISC-III subtest technical characteristics can be obtained by ap-
plying data smoothing procedures to the original sample-based statistical estimates. New and im-
proved estimates of the WISC-III subtest g, uniqueness, and reliability population parameters were
calculated and compared to the original sample-based estimates of these technical characteristics.

Method

Sample

The data used in these analyses were the general factor or g loading, uniqueness, and reliabili-
ty estimates for the 13 WISC-III tests based on the standardization sample. The WISC-III norm sam-
ple is a nationally representative sample that includes 2,200 individuals, with 200 at each of the 11
age groups, from ages 6 through 16 (Wechsler, 1991). The 11 age-based subsamples were used in all
analyses. More detailed information regarding the complete sample can be found in the WISC-III
manual (Wechsler, 1991).

Procedures

In a search of the literature, we did not find published general factor loadings for each of the
WISC-III tests at each age level. Average values or ranges have been published (Kamphaus, 1993),
but not values for each subtest at each age level. Therefore, we used the published WISC-III inter-
correlation matrices (Wechsler, 1991) as input into a standard statistical computer program. At each
age level, an individual subtest’s loading on the first unrotated component in principal component
analysis was used as the estimate of the test’s general factor (g) loading (Kaufman, 1979; Sattler,
1992). The individual subtest reliabilities at each age were taken from Table 5.1 in the WISC-III man-
ual. Previously calculated and published test uniqueness values for each subtest at each age level
were taken from Bracken, McCallum, and Crain (1993). Since the classification of subtest unique-
ness also requires the use of the error variance for each test, these values were calculated directly
from the published WISC-III reliabilities (i.e., subtracting each test’s reliability estimate from 1.0 to
estimate the error variance for that subtest at a specific age).

The g, uniqueness, reliability, and error variance values were plotted by age for each subtest.
The LOWESS (Cleveland, 1979, 1981) smoothing algorithm and the 2-D data plot option in the
SYGRAPH (Wilkinson, 1990) graphic software package were used to smooth each test estimate
across the 11 age groups. The SYGRAPH software was selected because it incorporates many auto-
matic scaling, positioning, and plotting routines that produce accurate and clear graphs based on im-
portant design principles identified through cognitive science and graphic design research (Wainer,
1984; Wainer & Thissen, 1981; Wilkinson, 1990). The selection of the most appropriate data
smoother for a set of data ultimately is left to the user because no generally satisfactory selection
method has been developed (Goodall, 1990). A number of different SYGRAPH smoothing algo-
rithms (e.g., LOWESS, splines, DWLS, quadratic smoothing) were applied to the WISC-III test char-
acteristics. The LOWESS algorithm was selected for use in this study as visual inspection of the re-
sults from the different algorithms suggested that it provided the best solutions (i.e., smoothed curves
that were not unduly influenced by values at specific ages). Also, of the available algorithms,
LOWESS is “a flexible, effective smoother well-suited to everyday use for exploring data” (Goodall,
1990, p. 173). The LOWESS smoother produces a smoothed curve by running along the X values
(i.e., WISC-III age groups) and finding a predicted value from a weighted average of nearby Y val-
ues (i.e., the respective test characteristic) (Wilkinson, 1990).

After each test characteristic was smoothed with the LOWESS algorithm, the respective origi-
nal and smoothed values were both classified and then compared for differences at each respective
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age level according to established qualitative categorical systems (Kaufman, 1979, 1990, 1994). In
the case of g loadings, subtests were classified as high (.70 or above), medium (.51 to .69), or low (,
.51). Uniqueness classifications were either ample, adequate, or inadequate (Cohen, 1959; Kaufman,
1979, 1990; Sattler, 1992). High uniqueness was defined as being present when an individual test’s
unique variance was equal to or above 25% of the total variance for the test and it exceeded the sub-
test’s error variance. When a subtest’s characteristics met only one of these criteria, it was consid-
ered to have medium uniqueness. When a subtest’s characteristics meet neither of the criteria it was
classified as low. Finally, based on the standards suggested by Salvia and Ysseldyke (1991), relia-
bility estimates were classified as high (.90 or above), medium (.80 to .89), or low (, .80).

Results

An example of the smoothed reliability results for the WISC-III Digit Span test are presented
in Figure 2.

A review of Figure 2 reveals that the smoothed curve reliability estimates for Digit Span follow
the same systematic age-related increasing trend as do the original sample-based estimates, but with
much less sampling error or “bounce”. The most noticeable differences between the original and
smoothed values were at ages 14 (.84 vs .88) and 15 (.91 vs .88). Although these differences are not
extremely large, when using the previously defined low, moderate, and high reliability classification

184 McGrew and Wrightson

Figure 2. WISC-III Digit Span sample-based and smoothed reliabilities by age. The values connected by dotted lines rep-
resent the original sample-based reliability estimates (same as in Figure 1) for the Digit Span subtest. The solid line repre-
sents the LOWESS-based smoothed reliability estimates for Digit Span. The two horizontal dashed lines demarcate the three
reliability categories (i.e., , .80 5 low; $ .80 and , .90 5 moderate; $ .90 5 high).
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system, the Digit Span’s classification changed from the original sample-based classification of high
to the smoothed classification of moderate at age 15. All original and smoothed reliability estimates
for the 13 WISC-III subtests at each age group are summarized in Table 1.

A review of Table 1 indicates that of the possible 143 different reliability estimates (11 age
groups 3 13 subtests), 19 reliability classifications (13.3%) changed as a result of the smoothing
process. Most of the changes occurred at ages 13 (n 5 4) and 15 (n 5 5). Another important obser-
vation is that smoothed reliability estimates are available for all 11 age groups for the two WISC-III
speeded tests (i.e., Coding and Symbol Search). Because these speeded tests require special test-
retest reliability subsamples and analyses (in contrast to the internal consistency estimates based on
the available norm data), the test developers reported original values for only six age groups. The
ability to estimate reliabilities for the missing age groups demonstrates another advantage of the use
of data smoothing procedures in the estimation of reliability characteristics. The original and
smoothed general factor loading and uniqueness estimates for all WISC-III subtests are presented in
Tables 2 and 3. Sixteen (11.2%) of the g loading classifications changed as a result of the smoothing
process (see Table 2). The largest number of classification changes (n 5 3) occurred at ages 9, 11,
and 15, and occurred most frequently (n 5 4) for the Comprehension and Digit Span tests.

A review of Table 3 finds that the largest number (n 5 25; 17.5%) of psychometric character-
istic classifications changed for the subtest property of uniqueness. The largest number of changes
occurred at ages 11 (n 5 5) and 7 and 9 (n 5 4), and were most frequent for the Similarities and
Arithmetic subtests (n 5 5), followed by Vocabulary and Block Design (n 5 4). It is important to
note that some of the changes in uniqueness classifications were due to changes in the smoothed es-
timates for either the subtest uniqueness or error variance (not reported in Table 3) or, in some cas-
es, both estimates. This explains why a classification change may be indicated at a particular age for
a test in Table 3 when there is very little or no difference in the reported uniqueness estimates (e.g.,
Arithmetic at age 9).

Table 4 summarizes the smoothed subtest reliability, uniqueness, and general factor loading
classifications for all WISC-III subtests at all ages. This summary table is provided for easy use by
clinicians. Across all three psychometric properties, most of the classification changes occurred at
ages 15 (n 5 11), 7 and 11 (n 5 9), and 9 (n 5 8). The subtests that demonstrated the largest num-
ber of changes were Arithmetic and Comprehension (n 5 8) and Similarities (n 5 7). The tests that
demonstrated the fewest changes across psychometric classifications were Picture Arrangement and
Mazes (n 5 1), followed next by Picture Completion and Symbol Search (n 5 3).

Discussion

Important decisions for individuals are often made on the basis of the interpretation of the sub-
test profiles of intelligence test batteries. To add as much objectivity as is possible to this clinical
process, an “intelligent” approach to test interpretation is often recommended, an approach that in-
volves the integration of important subtest psychometric test characteristics (e.g., general factor load-
ing, uniqueness, reliability) into the interpretative process. This study demonstrated a potentially use-
ful methodology (i.e., curve or data smoothing of sample-based psychometric test characteristics)
for improving the estimation of important sample-based subtest psychometric properties.

Smoothed estimates of the 13 WISC-III subtest general factor loadings, uniqueness, and relia-
bilities across 11 age groups resulted in a 17.5%, 13.3%, and 11.2% change in the qualitative clas-
sifications. In many cases these qualitative classification changes were only due to minor differences
in the absolute values of the respective subtest characteristic. For example, the original reliability of
.81 and the smoothed value of .79 for the Arithmetic subtest at age 6 reflects only a .02 difference.
However, the arbitrary cutting point between a medium and high reliability classification was a val-
ue of .80. This example, which also is relevant to the parallel classification systems used to catego-
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rize subtest uniqueness and g characteristics, highlights a fundamental weakness of the traditional
qualitative classification systems. If these qualitative classification systems are to be used, then val-
ues that are better estimates of the population parameters (i.e., smoothed estimates) should receive
serious considerations by those who calculate and present this information for clinical use.

Because assessment professionals are often recommended to pay attention to the g, uniqueness,
and reliability classifications of subtests when engaging in clinical interpretation, it is important that
these classifications be as accurate as possible and be based on data that minimize the effect of sam-
pling error. Smoothed estimates minimize the effect of sampling error. In addition, the presentation
of the smoothed g, uniqueness, and reliability characteristics for each subtest in a graphic format sim-
ilar to that represented by Figure 2 could be an alternative to the qualitative (e.g., high, medium, low)
system. The visual-graphic presentation of smoothed subtest characteristics would allow clinicians
the ability to quickly “see” the presence of any developmental trends in subtest characteristics and
would more accurately portray how close a subtest with a particular classification was to the next
highest or lowest classification category.

The smoothed WISC-III psychometric test estimates calculated for this study have three dis-
tinct advantages over the original sample-based estimates. First, the smoothed estimates are more
likely better estimates of the population parameters. The data smoothing procedure reduced the ef-
fects of sampling error in the estimation of these important test characteristics. Second, the data
smoothing procedures allow for the estimation of psychometric test characteristics at ages where data
were not originally available. For example, the timed format of the WISC-III Coding and Symbol
Search subtests make the calculation of internal consistency reliability estimates for these tests in-
appropriate. As a result of the additional expense and time involved in gathering test–retest data for
timed tests, test developers typically conduct test–retest reliability studies at a smaller number of age
group levels (e.g., six age groups for the WISC-III Coding and Symbol Search subtests). Through
the use of data smoothing algorithms, this study was able to provide reasonable estimates of
test–retest reliability estimates for all 11 age groups for the Coding and Symbol Search tests. By
equally spacing test–retest studies for timed tests across the entire age range of a test it would be pos-
sible for test developers to provide reasonable interpolated reliability estimates for all ages. Third,
similar to the process used to construct continuous norm tables (i.e., providing average scores for a
test for each tenth of a school year when the norm data was only collected for every third of the school
year), the use of data smoothing procedures makes it possible to provide estimates of important test
characteristics at specific ages (e.g., 13 years 1 month) by “reading” values from the smoothed curves
at any particular age or grade interval.

There are a number of limitations in this study that provide suggestions for future research. First,
different smoothed paramater estimates might be obtained if a different smoothing algorithm was
used (e.g., DWLS distance weighted least squares). Although the smoothed estimates might be dif-
ferent, it would be important to determine if the different estimates result in different qualitative (i.e.,
low, medium, high) classifications. Future research is needed to explore the impact on the results
when different smoothing algorithms are used and, to determine whether certain “standard” algo-
rithms might be identified and recommended for use in applied psychometrics. Second, the reading
of smoothed values from curves is subjective and prone to error. A significant improvement would
be to develop new software, or identify existing software packages, that can generate the exact
smoothed paramater estimates for specific x/y coordinates along the final smoothed curves. Third, it
must be remembered that the g loading and uniqueness estimates presented for the WISC-III sub-
tests are only “within-battery” estimates. The subtest g loading and uniqueness estimates for a num-
ber of the WISC-III tests would most likely change if calculated on the basis of the WISC-III to-
gether with another intelligence test battery (McGrew & Flanagan, to appear; McGrew, Untiedt, &
Flanagan, 1996).
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The current study demonstrated the benefits of using data smoothing procedures in the estima-
tion of important WISC-III subtest psychometric characteristics (i.e., reliability, uniqueness, g load-
ings). However, these procedures are not limited to intelligence test subtests or the three psychomet-
ric characteristics investigated. These procedures are equally applicable to tests in other domains
(e.g., achievement, objective personality tests), to other test scores (e.g., composite scores such as
the WISC-III Verbal, Performance, and Full Scale scores), and other test characteristics (e.g., stan-
dard errors, common factor loadings, etc.). The current study suggests that test developers should
consider adding smoothed estimates of important psychometric test characteristics to the technical
manuals for new or revised tests. Independent researchers who extract psychometric test character-
istic information from test technical manuals in order to classify tests in books and articles are also
encouraged to consider smoothing the values before making test classifications that might be used
by clinicians.
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