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Exploratory Bifactor  
Analysis of the WJ-III 
Achievement at School Age 
via the Schmid–Leiman 
Orthogonalization Procedure

Stefan C. Dombrowski1

Abstract
The structure of academic achievement measures has been rarely investigated in the 
literature apart from that which appears in the instruments’ technical manuals. This 
is concerning, given the widespread use of academic achievement instruments when 
making educational decisions about children. The Woodcock–Johnson III (WJ-III) 
Achievement for school-aged children (age 9-19) was investigated using exploratory 
bifactor analysis via the Schmid–Leiman (SL) orthogonalization procedure. This is the 
first time the SL has been applied to an academic achievement measure. The results 
revealed a unidimensional model of academic achievement across the standard 11 
subtest battery, a two- or three-factor model at age 9 to 13 in the extended battery, 
and a two-factor model at age 14 to 19 across the extended battery. Forcing the 
four-factor fit in the standard battery required extracting eigenvalues as low as 
0.67 and yielded areas of both convergence with and divergence from the structure 
posited in the Technical Manual. Forcing the six-factor fit across the extended battery 
yielded Heywood Cases, a lack of convergence of the factor solution, and the need 
to truncate iterations at 2 to force the fit. The results of this study indicate that the 
WJ-III Achievement is a solid model of general achievement across the 9 to 19 age 
range. Examination of omega coefficients, the divergent factor structure, and the 
small amount of variance accounted for by the lower order factors suggest caution 
when interpreting beyond this level (i.e., the academic clusters). Implications for 
interpretation of the WJ-III Achievement at age 9 to 19 are discussed.
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The structure of academic achievement measures has rarely been independently inves-
tigated outside of the various instruments’ respective technical manuals. This is sur-
prising considering the widespread use and daily influence that measures of academic 
achievement have on children’s lives when making educational programming deci-
sions. The Woodcock–Johnson III (WJ-III) Achievement (Woodcock, McGrew, & 
Mather, 2001) is one of the major individual tests of academic achievement and has 
been pervasively used to understand children’s learning strengths and weaknesses and 
for the evaluation of learning disabilities. However, its structure has never been inves-
tigated using exploratory factor analytic (EFA) procedures.

The interpretive manual indicates that the WJ-III Achievement offers a total 
achievement score reminiscent of a higher order factor and is organized into four 
lower order factors (i.e., reading, mathematics, written language, oral language clus-
ters) in the standard battery and six lower order factors (i.e., reading, mathematics, 
written language, academic knowledge, and a supplemental cluster) in the extended 
battery (see McGrew & Woodcock, 2001, Technical Manual).

The existing literature regarding the structure of tests of academic achievement is 
scant, so this literature review is limited in scope. Reynolds (1979) investigated the 
Peabody Individual Achievement Test (PIAT) and found that its structure had two fac-
tors consistent with Cattell’s concept of fluid and crystallized intelligence. Williams 
and Eaves (2001) investigated the structure of the Woodcock Reading Mastery Test, a 
narrow band measure of reading, and found that the structure of this instrument was 
unidimensional (total reading) and not multidimensional as specified in the Technical 
Manual. Similarly, Williams, Fall, Eaves, Darch, and Woods-Groves (2007) explored 
the structure of the KeyMath Normative Update and located a single math factor rather 
than the three-factor-correlated solution posited by the Technical Manual. All three 
studies revealed a different factor structure from that presented in the instruments’ 
respective technical manuals. Beyond these three studies, little research has been con-
ducted on the structure of academic achievement measures.

The purpose of this article is to investigate the factor structure of the WJ-III 
Achievement (standard and extended battery) during school age (9-19) using explor-
atory bifactor analysis via the Schmid–Leiman (SL) orthogonalization procedure. 
Exploratory bifactor modeling is appropriate when seeking to understand instruments 
with presumed higher order factors (i.e., total achievement) and correlated traits (i.e., 
reading, writing, and oral language). The SL (Schmid & Leiman, 1957) procedure is 
an elegant exploratory bifactor procedure with a history of use in the cognitive ability 
and personality literature (see Canivez, 2013; Carroll, 1993; Dombrowski, Watkins & 
Brogan, 2009). It has never been applied to the construct of academic achievement but 
is very appropriate for such purpose as academic achievement tests have correlated 
factors and a total achievement score reminiscent of a higher order factor. The SL 
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helps uncover simple structure by partialling out the influence of hierarchical factors 
on first-order factors; this provides a clearer sense of an instrument’s structure by more 
directly furnishing the variance apportioned to higher and lower order factors (Carretta 
& Ree, 2001; Carroll, 1993, 1995, 2003; Gustafsson & Snow, 1997). Carroll (1995) 
discussed the importance of the SL procedure when analyzing instruments with cor-
related traits and used the SL procedure when he created his Three Stratum Theory of 
Cognitive Abilities. His theory was influential in the development of not only Cattell–
Horn–Carroll (CHC) theory but also the WJ-III Achievement.

Recent concerns regarding the factor structure of the WJ-III (e.g., Dombrowski, 2013, 
2014a, 2014b; Dombrowski & Watkins, 2013) also suggest that an analysis of the WJ-III 
Achievement using the SL procedure appears worthwhile. A basic premise of factor anal-
ysis posits that when multiple methods of factor analysis converge, then confidence in a 
derived factor structure may be accomplished (Gorsuch, 1983). The investigation of aca-
demic achievement measures has been overlooked within the empirical literature, despite 
the widespread use of academic achievement tests in school-aged populations.

Method

Participants

The data for the WJ-III Achievement norms were collected from a nationally represen-
tative sample of 8,818 participants from age 2 through 90 plus. Demographic character-
istics are provided in the WJ-III Technical Manual. For this study, the two school-aged 
(9-13 and 14-19 years) subtest correlation matrices (22 by 22) were obtained from the 
Technical Manual. The 9 to 13 age range contained an average of 1,574 participants, 
whereas the 14 to 19 age range contained an average of 1,298 participants.

Instrument

The WJ-III Tests of Achievement (Woodcock et al., 2001) contains 22 achievement 
tests. The WJ-III Achievement is organized into a standard battery and an extended 
battery. The standard battery comprises 11 subtests and measures four academic clus-
ter areas: reading, writing, mathematics, and oral language. The extended battery com-
prises 22 subtests and measures six academic cluster areas: reading, writing, 
mathematics, oral language, academic knowledge, and a supplemental cluster. Both 
batteries yield a total achievement score reflective of a higher order factor.

Procedure

Minimum average partials (MAP; Velicer, 1976) and parallel analysis (Horn, 1965) 
were used to determine the number of factors to extract. These procedures were con-
ducted using O’Connor’s (2000) SPSS program. A Horn Parallel Analysis (HPA) scree 
plot (Cattell, 1966; Horn, 1965) was also inspected (Figures 1 & 2) as a supplemental 
means to determine the number of factors to retain for rotation. The SL procedure 
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Figure 1.  Scree plots for HPA for the WJ-III Achievement age 9 to 13.
Note. HPA = Horn Parallel Analysis.

(Schmid & Leiman, 1957) was applied to the oblique first-order factors following a 
principal axis factoring with promax rotation (Wolff & Preising, 2005). To permit a 
comparison of the fit offered in the Technical Manual for both the extended (22 sub-
test) and the standard (11 subtest) batteries across the 9 to 13 and the 14 to 19 age 
ranges, the Technical Manual’s six- and four-factor respective fits were forced. Finally, 
omega coefficients were determined using a program developed by Watkins (2013).

Results

Exploratory (First-Order) Analyses

Factor retention criteria.  For the extended battery, parallel analysis (Horn, 1965) sug-
gested the retention of two factors at ages 9 to 13 and 14 to 19. The MAP (Velicer, 
1976) criterion recommended retention of three factors at age 9 to 13 and two factors 
at age 14 to 19. A HPA scree test on the 9 to 13 and the 14 to 19 correlation matrices 
(Figures 1 and 2) indicated evidence for one strong factor with the possibility of one 
additional factor. Because MAP recommended the retention of three factors and paral-
lel analysis recommended the retention of two factors across the 9 to 13 age range, 
both a two- and a three-factor solution were extracted and analyzed for the age 9 to 13 
extended battery analysis.
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For the 11 subtest standard batteries across both age ranges, parallel analysis and 
MAP recommended the extraction of a single factor. Because the recommended factor 
solutions across both age ranges and batteries (standard and extended) indicated a very 
different factor structure from that posited in the Technical Manual, the respective six- 
and four-factor structures were forced. The six-factor structure in the age 9 to 13 
extended battery failed to converge because of Heywood cases (i.e., communalities > 
1.0), which often occurs when too many factors are attempted to be extracted. 
Accordingly, the iteration process was truncated at two to force the six-factor solution 
in this age range.

Exploratory Bifactor Analysis (SL Orthogonalization)

Forced four-factor solution (standard 11 subtest battery).  Results from the Schmid and 
Leiman (1957) procedure on the four-factor standard battery forced analysis across 
both age ranges are presented in Tables 1 and 2. In the age 9 to 13 SL analysis, the 
higher order factor accounted for 47.2% of the total variance and 72.8% of the common 
variance. In the age 14 to 19 SL analysis, the higher order factor accounted for 46.5% 
of the total variance and 72.3% of the common variance. The general factor also 
accounted for between 27% and 67% (Mdn = 48%) of individual subtest variance in the 
9 to 13 analysis. The higher order factor accounted for between 40% and 58%  
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Figure 2.  Scree plots for HPA for the WJ-III Achievement age 14 to 19.
Note. HPA = Horn Parallel Analysis.
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(Mdn = 45%) of individual subtest variability in the 14 to 19 analysis. For the 9 to 13 
age range, the four first-order factors accounted for a small proportion of the total vari-
ance (2.7%-5.6%) and common variance (4.2%-7.3%). The first- and second-order fac-
tors combined to measure 65% of the variance in the WJ-III Achievement standard 
battery, reflecting 35% unique variance. For the 14 to 19 age range, the four first-order 
factors accounted for 4.3% to 9.7% of the total variance and 2.8% to 6.3% of the com-
mon variance. The first- and second-order factors of the 14 to 19 analysis combined to 
measure 64% of the variance in the WJ-III, reflecting 36% unique variance. The results 
of both analyses demonstrate a robust manifestation of a higher order factor in the WJ-
III Achievement standard battery where the combined influence of the second-order 
factor and uniqueness exceeded the contributions made by the first-order factors.

The reliability of WJ-III Achievement was also estimated across both age ranges 
with ωh and ωs. The ωh coefficient for the general factor (.87) across both age 
ranges was high and sufficient for interpretation. Omega subscale (ωs) coefficients 
for the four lower order factors ranged from .092 to .353 across both age range’s 
analyses. Low ωs coefficients suggest that interpretation of the factor indices 
beyond the general factor is inappropriate as little variance exists beyond the gen-
eral factor (Reise, 2012).

Forced six-factor solution (22 subtest extended battery).  Results from the Schmid and 
Leiman (1957) procedure on the six-factor extended battery forced solution across 
both age ranges are presented in Tables 3 and 4. Both tables furnish the proportion of 
variance apportioned to the higher order factor and lower order factors. With the age 9 
to 13 SL analysis, the higher order factor accounted for 41.9% of the total variance and 
73.1% of the common variance. With the age 14 to 19 SL analysis, the higher order 
factor accounted for 46.2% of the total variance and 66.5% of the common variance. 
In the 9 to 13 analysis, the general factor accounted for a substantial proportion of the 
variance, but G-loadings and communality estimates on two subtests were well in 
excess of 1.0 suggesting severe overfactoring.

For the 14 to 19 analyses, the six, first-order factors accounted for 1.7% to 3.9% of 
the total variance and 2.7% to 6.1% of the common variance. The first- and second-
order factors of the 14 to 19 analysis combined to measure 63.6% of the variance in 
the WJ-III, reflecting 36.4% unique variance. The results of both analyses demonstrate 
a robust manifestation of a higher order factor in the WJ-III Achievement standard 
battery where the combined influence of the second-order factor and uniqueness 
exceeded the contributions made by the first-order factors.

The reliability of WJ-III Achievement was also estimated across both extended bat-
tery analyses with ωh and ωs. The ωh coefficient for the general factor across both age 
ranges was high and sufficient for interpretation (.76 for 9-13; .91 for 14-19). Omega 
subscale (ωs) coefficients for the six lower order factors from the 14 to 19 group ranged 
from .15 to .39. Omega subscale could not be completed on the 9 to 13 analysis as a 
result of five trivial factors. Low ωs (or nonexistent) coefficients suggest that interpre-
tation of the factor indices beyond the general factor is inappropriate as little variance 
exists beyond the general factor (Reise, 2012).
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Hierarchical Factor Analysis Based on Psychometrically Sound Factor 
Retention Rules

Parallel analysis and the MAP test across both age ranges in the standard 11 subtest 
battery suggested a single-factor solution. For the extended battery, Tables 5 
through 7 present the results of a higher order factor analysis based upon the extrac-
tion of two (ages 9-13 and 14-19) and three factors (age 9-13). As noted, the results 
of both analyses suggest the prominence of a higher order factor and struggled to 
find subtest alignment reminiscent of that posited in the Technical Manual. At age 
9 to 13 (three-factor extraction; Table 3), the hierarchical factor accounted for 
73.1% of the common variance and 41.9% of the total variance, exceeding that 

Table 5.  WJ-III Achievement Extended Battery Ages 9 to 13 according to a Schmid–Leiman 
Orthogonalization (Three Factor).

Subtest

Second-order 
factor

F1 S2 F2 S2 F3 S2 h2 u2G S2

Story Recall .66 43 .40 16 .61 .39
Story Recall Delayed .60 36 .35 12 .51 .49
Academic Knowledge .75 57 .33 11 .71 .29
Oral Comprehension .64 41 .28 08 .50 .50
Understanding Directions .61 37 .25 06 .43 .57
Picture Vocabulary .61 37 .24 06 .26 07 −.21 04 .54 .46
Reading Vocabulary .74 54 .23 05 .22 05 .65 .35
Applied Problems .75 56 .20 04 .30 09 .69 .31
Word Attack .59 35 .50 25 .61 .39
Spelling of Sounds .57 33 .48 23 .56 .44
Letter Word ID .73 53 .48 23 .76 .24
Spelling .71 50 .42 17 .21 04 .73 .27
Sound Awareness .66 44 .33 11 .56 .44
Editing .68 47 .29 09 .58 .42
Writing Samples .64 41 .27 07 .50 .50
Passage Comprehension .74 55 .25 06 .64 .36
Math Fluency .52 27 .59 35 .62 .38
Calculation .66 43 .45 20 .64 .36
Writing Fluency .60 36 .21 04 .33 11 .51 .49
Quantitative Concepts .72 51 .27 07 .62 .38
Reading Fluency .64 41 .20 04 .26 07 .52 .48
Handwriting .22 05 .21 04 .10 .90
Common variance (%) 73.1 6.1 12.0 8.8  
Total variance (%) 41.9 3.5 6.9 5.1 57.3 42.7
  ωh = .873 ωs = .138 ωs = .224 ωs = .236  

Note. Loadings ≥.30 are bolded, italicized, and considered salient. Loadings ≥.20 are italicized and considered aligned 
with their respective factors. h2 = communality coefficient; u2 = uniqueness; ωh = omega hierarchical; ωs = omega 
subscale.
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accounted for by the lower order factors (6.1%-12.03% common variance; 3.5%-
6.9% total variance). The first- and second-order factors at age 9 to 13 combine to 
measure 57.3% of the variance in the WJ-III Achievement (extended battery), 
reflecting 42.7% unique variance. The age 9 to 13, two-factor solution (Table 4) 
indicated that the hierarchical factor accounted for 59.6% of the common variance 
and 31.7% of the total variance, exceeding that accounted for by the lower order 
factors (18.1%-22.3% common variance; 9.6%-11.8% total variance). The first- 
and second-order factors at age 9 to 13 (two-factor solution) combined to measure 
53.2% of the variance in the WJ-III Achievement (standard battery), reflecting 

Table 6.  WJ-III Achievement Extended Battery Ages 9 to 13 according to a Schmid–Leiman 
Orthogonalization (Two Factor).

Subtest

Second-order 
factor

F1 S2 F2 S2 h2 u2G S2

Spelling .66 43 .57 32 .76 .24
Math Fluency .45 21 .56 31 .54 .46
Writing Fluency .54 29 .51 26 .56 .44
Letter Word ID .67 45 .46 21 .67 .33
Word Attack .56 31 .45 20 .52 .48
Reading Fluency .57 32 .43 18 .51 .49
Spelling of Sounds .54 29 .43 18 .48 .52
Editing .61 38 .41 17 .56 .44
Calculation .55 30 .39 15 .46 .54
Writing Samples .57 32 .37 14 .48 .52
Quantitative Concepts .61 37 .33 11 .20 04 .52 .48
Handwriting .20 04 .31 10 .16 .84
Sound Awareness .59 35 .28 08 .23 05 .48 .52
Applied Problems .63 39 .28 08 .26 07 .54 .46
Story Recall .51 26 .60 36 .64 .36
Academic Knowledge .63 40 .59 35 .75 .25
Oral Communication .53 28 .49 24 .53 .47
Story Recall Delayed .46 21 .49 24 .46 .54
Picture Vocabulary .53 28 .48 23 .51 .49
Reading Vocabulary .63 40 .44 19 .61 .39
Understanding Directions .50 25 .39 15 .41 .59
Passage Comprehension .65 42 .25 06 .31 10 .58 .42
Common variance (%) 59.6 22.3 18.1  
Total variance (%) 31.7 11.8 9.6 53.2 46.9
  ωh = .718 ωs = .332 ωs = .381  

Note. Loadings ≥.30 are bolded, italicized, and considered salient. Loadings ≥.20 are italicized and 
considered aligned with their respective factors. h2 = communality coefficient; u2 = uniqueness; ωh = 
omega hierarchical; ωs = omega subscale.
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46.9% unique variance. At age 14 to 19 (Table 5), the general factor accounted for 
63.9% of the common variance and 33.6% of the total variance, exceeding that 
apportioned to lower order factors (16.0%-20.0% common variance; 8.4%-10.5% 
total variance). The first- and second-order factors at age 14 to 19 combine to mea-
sure 52.5% of the variance in the WJ-III Achievement (extended battery), reflecting 
47.5% unique variance. The results of all three analyses demonstrate a robust mani-
festation of a general factor in the WJ-III Achievement where the combined influ-
ence of general achievement and uniqueness exceeded the contributions made by 
the first-order factors (i.e., academic clusters).

Table 7.  WJ-III Achievement Extended Battery Ages 14 to 19 according to a Schmid–
Leiman Orthogonalization (Two Factor).

Subtest

Second-order 
factor

F1 S2 F2 S2 h2 u2G S2

Story Recall .54 29 .57 33 .64 .36
Academic Knowledge .68 46 .54 30 .76 .24
Picture Vocabulary .58 33 .54 30 .64 .36
Story Recall Delayed .48 23 .52 27 .52 .48
Oral Communication .59 34 .45 21 .55 .45
Reading Vocabulary .64 41 .45 20 .62 .38
Understanding Directions .55 30 .38 14 .45 .55
Applied Problems .65 43 .36 13 .58 .42
Passage Comprehension .62 39 .34 11 .53 .47
Quantitative Concepts .67 45 .33 11 .21 04 .53 .47
Sound Awareness .58 33 .24 06 .22 05 .44 .56
Math Fluency .50 25 .51 26 .52 .48
Spelling .66 43 .50 25 .68 .32
Word Attack .56 32 .45 20 .52 .48
Reading Fluency .57 33 .43 19 .51 .49
Writing Fluency .54 29 .39 15 .45 .55
Spelling of Sounds .53 28 .37 13 .42 .58
Letter Word ID .69 47 .36 13 .64 .36
Editing .60 36 .36 13 .51 .49
Writing Samples .60 36 .21 04 .27 07 .47 .53
Handwriting .19 03 .26 07 .12 .88
Calculation .55 30 .20 04 .24 06 .40 .60
Common variance (%) 63.9 20.0 16.0  
Total variance (%) 33.6 10.5 8.4 52.5 47.5
  ωh = .759 ωs = .316 ωs = .291  

Note. Loadings ≥.30 are bolded, italicized, and considered salient. Loadings ≥.20 are italicized and 
considered aligned with their respective factors. h2 = communality coefficient; u2 = uniqueness; ωh = 
omega hierarchical; ωs = omega subscale.
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The reliability of WJ-III Achievement was also estimated across both analyses with 
ωh and ωs. The ωh coefficient for the general factor (.873 for age 9-13 three factor; .718 
for age 9-13 two factor; .759 for age 14-19) was high and sufficient for interpretation. 
Omega subscale (ωs) coefficients for the lower order factors ranged from .138 to .381 
across all analyses. Lower ωs coefficients suggest that interpretation of the factor indi-
ces beyond the general factor may not be appropriate as little variance exists beyond 
the general factor (Reise, 2012).

Discussion

This study investigated the WJ-III Achievement during school age by analyzing the age 
9 to 13 and 14 to 19 correlation matrices across both the standard (11 subtest) and 
extended (22 subtest) batteries. Use of EFA factor extraction procedures (e.g., parallel 
analysis and MAP as supplemented by a HPA visual scree) that are considered to be the 
most psychometrically robust suggests that the WJ-III Achievement extended battery is 
a two- or three-factor test at age 9 to 13 and a two-factor instrument at age 14 to 19 (see 
Tables 3-5). However, extracting this number of factors generally renders the instrument 
less available for interpretation because the subtest alignment and factor structure lack 
full linkage to the theoretical structure posited in the WJ-III Technical Manual. Factor 
extraction decision-making results indicated that the structure of the WJ-III Achievement 
is unidimensional across both age ranges of the 11 subtest standard battery.

Because the results based upon psychometrically sound factor extraction decision-
making rules did not comport with the structure posited in the Technical Manual (i.e., 
six-factor solution for extended battery and four-factor solution for standard battery), 
the Technical Manual’s theoretical structure was forced. This required casting aside 
even the most lenient factor extraction decision-making rules (i.e., eigenvalue >1) and 
extracting factors with eigenvalues as low as 0.67 within the standard battery.

As noted in Tables 1 and 2, the higher order factor captures an inordinate amount of 
the variance (72%) across both age range’s analyses of the standard battery. Omega 
coefficients also lend support for the prominence of the higher order factor with omega 
hierarchical at .87 across both standard battery’s forced analyses. Omega subscale 
across both analyses ranged from .09 to .35 again suggesting preeminence of the hier-
archical factor (presumably total achievement).

When disregarding the above-mentioned factor extraction decision rules and forc-
ing the extraction of factors in accord with the structure posited in the Technical 
Manual, the standard battery’s (age 9-13) forced four-factor solution experienced 
areas of convergence with and divergence from the Technical Manual. Letter Word 
Identification, Spelling, Writing Samples, and Passage Comprehension paired together 
to form the first factor (presumably a reading and writing factor). Reading Fluency, 
Math Fluency, and Writing Fluency paired together to form an academic fluency sec-
ond factor. Story Recall and Understanding Directions formed the third factor (pre-
sumably Oral Language) along with Passage Comprehension, which cross-loaded this 
factor. Calculation and Applied Problems paired together to form the fourth factor 
(Mathematics) along with Math Fluency, which cross-loaded this factor. At age 14 to 
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19, Story Recall, Passage Comprehension, and Understanding Directions paired 
together to form the first factor (presumably an oral language and reading comprehen-
sion factor). Reading Fluency, Math Fluency, and Writing Fluency formed a second 
factor (academic fluency). Calculation and Applied Problems formed a third factor 
(mathematics) along with Math Fluency, which cross-loaded this factor. Spelling and 
Letter Word Identification along with Writing Samples formed a fourth factor (pre-
sumably a writing and reading factor). Thus, forcing the four-factor fit across the stan-
dard battery at ages 9 to 19 did not fully align with the academic cluster structure 
posited in the Technical Manual.

Forcing the six-factor fit across both age ranges was even more problematic. At age 
9 to 13 (Table 3), the structure is vastly different and generally uninterpretable. At age 
14 to 19 (Table 4), the forced, six-factor fit does not generally align with the Technical 
Manual’s posited structure. The first factor appears to be an oral language and reading 
factor; the second is a written language and phonemic awareness factor; the third is a 
mathematics factor; the fourth appears to resemble a memory factor; the fifth is an 
academic fluency factor; and the sixth appears to be an auditory processing factor. The 
only alignment between the Technical Manual’s posited structure and the age 14 to 19 
results are with the mathematics factor.

Conclusion and Implications for Practice

There are several implications for practitioners. First, the WJ-III Achievement may not 
offer a clear picture of a child’s specific academic achievement in the clusters it pur-
ports to measure (reading, writing, oral language, knowledge, supplemental) with the 
exception of mathematics and what emerged as an academic fluency factor. In other 
words, the Technical Manual claims to measure reading, writing, mathematics, and 
oral language across both the extended and the standard batteries. However, the results 
of this study suggest a different factor structure and therefore caution when moving to 
interpretation of the academic achievement clusters. Neither the results based upon 
factor extraction decision making nor the results of a forced fit analysis completely 
aligned with the Technical Manual’s posited structure.

Unfortunately, the field has not cast its gaze upon the structure of measures of aca-
demic achievement in the same way it has upon measures of cognitive ability. Given 
the significant role that standardized measures of academic achievement such as the 
WJ-III Achievement play in the lives of school-aged children, it is due time for 
increased investigation of this topic.
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