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Abstract 

The Woodcock-Johnson Tests of Achievement, Fourth Edition (WJ IV ACH; Schrank, Mather & 

McGrew, 2014) is purported to align with CHC Theory and offers upwards of 20 scores within 

its interpretive and scoring system.  The Technical Manual does not furnish validity evidence for 

the scores reported by the scoring system, suggesting that evidentiary support may be 

incomplete.  Exploratory bifactor analysis (maximum likelihood extraction with a bigeomin 

[orthogonal] rotation) was applied to the two school-aged correlation matrices at age 9-19.  

Results indicated non-alignment with CHC theory and do not support the interpretation of most 

of the scores suggested by the scoring system.  Instead, the results of this study suggest that the 

loading patterns diverge significantly from the interpretive system produced by the WJ IV ACH. 

Only the academic fluency and academic knowledge clusters emerged following the use of 

EBFA.  Implications for clinical interpretation of the WJ IV ACH are offered.  

 Keywords: Woodcock-Johnson IV Achievement, exploratory bifactor analysis,  

factor analysis, measurement, clinical interpretation  
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The Woodcock-Johnson IV Tests of Achievement Provides Too Many Scores for Clinical  
 

Interpretation 
 

A basic tenant of measurement is that symbolic values (e.g., numbers) need to represent 

attributes (Mari, Carbone, & Petri, 2015). One can, of course, create numerical indices that 

represent mixtures of multiple possible attributes, but this is not really measurement—or at least 

the type of measurement normally desired by psychologists—since the attributes are defined by 

the instrument (Fayers & Hand, 2002). Thus, the fundamental aspect of validity for scores from a 

psychological instrument is that the numbers provide accurate information about a well-defined 

attribute (Krause, 2012).  

Unfortunately, the notion that scores need to represent specific, well-defined attributes is 

not currently common practice when creating commercially available psychological instruments 

(e.g., Krause, 2005). Instead, the more typical approach is for test publishers/authors to provide a 

plethora of scores for a given psychological instrument which adhere to a variety of (perhaps 

incompatible) theories, but not furnish evidence that the instrument measures all of the attributes 

it claims to measure (Author & Author, in press). An example of such an instrument is the 

Woodcock-Johnson Tests of Achievement, Fourth Edition (WJ IV ACH; Schrank, Mather & 

McGrew, 2014). 

The WJ IV ACH is one of the more popular nationally-normed individually-administered 

tests of academic achievement.  It is cast within the Cattell-Horn-Carroll (CHC) theoretical 

framework (McGrew, 2005; Schneider & McGrew, 2012) and the Technical Manual indicates 

that the WJ IV ACH measures several CHC attributes, including Reading/Writing (Grw), 

Quantitative Reasoning (Gq), Academic Knowledge/Crystallized Ability (Gc), and Academic 

Fluency/Processing Speed (Gs) (McGrew, LaForte, & Schrank, 2014).  A closer inspection of 
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the WJ IV ACH scores, however, reveals that not all the scores available for interpretation stem 

from CHC theory, and some of the scores appear to be unrelated to any defined attribute.   

The scoring system for the WJ IV ACH produces two total achievement scores (Brief and 

Broad Achievement) and 19 additional cluster scores (e.g., broad reading, basic reading, math 

problem solving, basic writing skills). The scores are shown in Table 1. Validity evidence for the 

scores is largely correlational: examination of correlations with scores from other academic 

achievement instruments as well as loadings of the tests on achievement-related latent variables.  

Oddly, the latent variable model’s fit included not only tests from the WJ IV ACH but also tests 

from the Cognitive and Oral Language instruments. Consequently, the achievement-related latent 

variables were partially defined by non-achievement tests and the achievement-related tests 

loaded on non-achievement latent variables. This is appropriate for furnishing validity evidence 

for CHC theory but it may be questioned if attempting to establish validity for the WJ IV ACH in 

isolation.  Further confounding the attempt to establish structural validity evidence, three recent 

exploratory investigations suggested that both the WJ IV Cognitive and full test battery were 

complexity determined and struggled to align with CHC theoretical structure and scoring system 

posited in the technical manual (Dombrowski, McGill & Canivez, 2017; 2018a; 2018b).  

Moreover, there was no discussion of the structural relationship among tests and cluster scores. 

Thus, it is difficult to understand precisely what attributes all the WJ IV ACH scores represent 

The undetermined nature of what the WJ IV ACH scores represent is very problematic 

(Borsboom, Mellenbergh, & van Heerden, 2004).  Given the general lack of technical definitions 

about the attributes these scores represent (and justification that those attributes are represented 

by the available scores) coupled with an insufficient investigation (or at least reporting) of the 

relation among the tests and their respective factor/cluster scores, many questions still remain 
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about the instrument's scores. For example, what do the numbers actually represent? Does it 

make sense to interpret all the scores that are provided to users?  

The lack of understanding of the structure of individually administered tests of academic 

achievement is not a concern solely relegated to the WJ IV ACH.  It is a problem for the entire 

field of clinical assessment particularly academic achievement.  A survey of the extant 

individually-administered academic achievement validity literature indicates that there is a dearth 

of relevant structural validity investigations.  Beyond the achievement test’s technical manuals, 

there are only four investigations of the factor structure of individually administered tests of 

academic achievement, whether broad band or narrow band. Users, therefore, are left to rely 

upon the structure presented in various academic achievement test’s technical manuals.   

Reynolds (1979) investigated the Peabody Individual Achievement Test (PIAT) and 

found that its structure had two factors consistent with Cattell’s concept of fluid and crystallized 

intelligence. Williams and Eaves (2001) investigated the Woodcock Reading Mastery Test, a 

narrow band measure of reading, and found that the instrument’s structure was unidimensional 

(broad reading) and not multidimensional as indicated in the instrument’s Technical Manual. 

Williams, Fall, Eaves, Darch, and Woods-Groves (2007) also explored the structure of the 

KeyMath Normative Update and provided evidence for a singular global math factor rather than 

the three-factor solution posited by the Technical Manual. More recently, Dombrowski (2015) 

applied the Schmid-Leiman (1957) orthogonalization procedure to the core and extended battery 

of the Woodcock-Johnson Tests of Achievement, Third Edition (WJ III ACH; Woodcock, 

McGrew, & Mather, 2001) across the 9-13 and 14-19 age ranges.  Dombrowski’s results 

suggested the prominence of a general achievement factor and a different number and 

composition of group factors than what was posited in the manual. Dombrowski failed to locate 
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distinct oral language, reading, and writing factors but found evidence for standalone 

mathematics (Gq) and academic fluency (Gs) factors.  As a result, Dombrowski suggested 

caution when moving to interpretation of specific group factors because of their complexity in 

several cases.  Further supporting this position, omega estimates for the group factors produced 

by Dombrowski’s study were not sufficiently high for individual interpretation, calling into 

question their potential clinical utility.  With the exception of an academic fluency factor, 

Dombrowski’s findings did not show evidence for the numerous cluster scores reported by the 

WJ III scoring system.   

Consequently, Dombrowski (2015) called for additional research into the theoretical 

structure of academic achievement tests, noting that they are widely used but infrequently 

subjected to the same type of validity evaluation as other types of psychological tests (e.g., 

cognitive ability, personality). As an example, the technical manual for the most recent version 

of the widely utilized Wechsler Individual Achievement Test (WIAT-III; Pearson, 2009) just 

provides correlations with other tests as evidence of validly—a common practice but one that has 

been regarded as insufficient by methodologists (i.e., Borsboom, Mellenbergh, & van Heerden, 

2004).  

Although the structure of the WJ IV ACH was analyzed as part of a conjoint 

investigation using tests from the Cognitive and Oral Language batteries, its theoretical structure 

was not independently examined using factor analysis nor were the amalgam of scores (~20) 

produced by the WJ IV scoring system. This omission is notable as many clinicians elect to 

administer the tests of achievement for diagnosis and classification decisions.  As factor analytic 

studies provide the empirical basis for the scores that are developed for psychoeducational 

instruments such as the WJ IV ACH (Bandalos & Gerstner, 2016), validation of structure is 
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critical given the role that achievement tests can play in important educational decisions such as 

special education eligibility determination and intervention planning.  

The purpose of the current study was to investigate the factor structure of the WJ IV 

ACH independently from the subtests in the other two WJ IV instruments (i.e., oral language and 

cognitive).  Thus, this study provided information needed to assist in determining the interpretive 

relevance of the scores that are provided to users of the measurement instrument. It also can aid 

in improving the theoretical understanding of the structure of one of the major academic 

achievement instruments used by clinicians and researchers.  

Method 

Sample and Instrument 

 The 9-to-13- and 14-to-19-year-old correlation matrices for the WJ IV ACH were 

ascertained from the instrument’s Technical Manual (McGrew et al., 2014, p. 311-312).  The 

matrices contained correlations for all 20 achievement subtests. Raw data were unavailable.  The 

WJ IV Technical Manual described a planned missingness procedure for individuals who were 

not administered certain subtests where their normative scores were created using multiple 

imputation.  The Technical Manual does not delineate how many participants had missing data 

on certain variables. As noted by Canivez (2017), extensive missing data may have impacted the 

WJ IV correlation matrices.   

Data Analysis 

Because the WJ IV ACH is structured hierarchically with an aggregate score (total 

achievement) and numerous more specific scores (e.g., cluster scores) that are intended for 

interpretation, exploratory bifactor analysis (EBFA; Jennrich & Bentler, 2011, 2012) may be a 

worthwhile analytical procedure.  Some researchers argue that a bifactor conceptualization of 
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academic achievement is also consistent with how Carroll how conceptualized his three stratum 

theory (Beaujean, 2015). EBFA permits the simultaneous assignment of variance to general and 

group factors yielding results that allow the calculation of metrics of clinical interpretative 

relevance (e.g., omega coefficients, explained common variance, subtest specificity).    

Before conducting the EBFA, we examined different indexes related to the number of 

factors to extract. This included the Kaiser criterion (Kaiser, 1974), the visual scree test (Cattell, 

1966), the minimum average partial test (MAP; Velicer, 1976), parallel analysis (factors and 

components at the 50th and 95th percentile; Horn, 1965), and the empirical Bayesian Information 

Criterion (BIC). Theoretical consistency and adherence with simple structure was also 

considered.   

For the EBFA, we used maximum likelihood extraction and the bigeomin (orthogonal) 

rotation (Jennrich & Bentler, 2012). We analyzed the 9-13 and 14-19 years old correlation 

matrices separately. To aid in interpreting the results, we calculated explained common variance 

(ECV; Reise, Moore, & Haviland, 2010), omega coefficients (Brunner, Nagy, & Wilhelm, 2012; 

Reise, 2012) and H (Hancock & Mueller, 2001). These indices provide information concerning 

the relevance of the group factors and general achievement scores.  Coefficient omega 

hierarchical, coefficient omega hierarchical subscale, and H were calculated to determine 

interpretive relevance of the general and group factors.  Omega coefficients (i.e., omega 

hierarchical and omega hierarchical subscale) are construct-based reliability estimates that are 

more appropriate than coefficient alpha for multidimensional tests such as the WJ IV ACH.  

Reise (2012) and Reise, Bonifay and Haviland (2013) note that omega coefficients should 

exceed .50, but .75 is preferable to indicate sufficient construct based reliability for independent 

interpretation of a group or hierarchical factor.  Hancock and Mueller’s (2001) H was also used 
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to determine emphasis for interpretive purposes.  Rodriquez, Reise & Haviland (2016) indicate 

that it is difficult to specify group factors within a single instrument and it should only be done 

when H-values are higher than .70.  We also calculated each subtest’s specific reliable variance. 

Kaufman’s (1975)1 informal approach to subtest specific variance was referenced.  Kaufman 

(1975) and Kaufman and Lichtenberger (2006) suggested that it is feasible to interpret a subtest 

in a measure of cognitive ability at the subtest level under two conditions: (1) when specific, 

reliable variance ≥ .25 and (2) when its specificity exceeds the estimate of variance that is 

attributable to measurement error.  

Preliminary data analysis was conducted using the psych (Revelle, 2017) package in the 

R statistical programming language (R Development Core Team, 2017). The EBFA was 

conducted using Mplus Version 8 (Muthén & Muthén, 1998–2017). 

Results  

Table 2 displays factor extraction results for both age groups, suggesting the extraction of 3–

6 factors.  This is noticeably different from the 20+ scores the WJ IV ACH provides users to 

interpret.  A six-factor solution produced factors that were most consistent with CHC theory. The 

results from this extraction are presented in Tables 3 and 4.  The five factor extraction is 

presented in Online Supplement Tables A1 and A2.  These results are presented as several 

indices recommended extraction of five factors.  All tables contain factor loadings, explained 

common and total variance, communality estimates, uniqueness, subtest specificity, omega 

																																																													
1 Kaufman (1975) and Kaufman and Lichtenberger (2006) cited Cohen (1959) to support the .25 
threshold for interpretation of a cognitive ability subtest. Cohen never mentioned, nor implied, 
that a threshold of .25 was acceptable. Kaufman said that the threshold came from his own 
interpretation of Cohen’s work coupled with David Wechsler's advice (A. Kaufman, personal 
communication, Feb 13, 2018).  



STRUCTURAL ANALYSIS OF THE WJ IV ACH  10 
	

coefficients, and H. Figures 1 and 2 provide a visual depiction of variance apportionment among 

general, group, and subtests across both age ranges.  

Variance Partitioning Results 

The use of EBFA permits the assignment of variance at different levels of generality (i.e., 

a general factor and group factors).  For the six-factor solution (1 general and 5 group), across 

both age ranges, the general factor absorbed a considerable proportion of the explained common 

(.72 and .74) and total (.50 and .52) variance for ages 9–13 and 14–19, respectively. By contrast, 

the respective group factors assumed a substantially lower proportion of explained common (.04 

to .09 and .03 to .07) and total variance (.03 to .06 and .02 to .05) for ages 9–13 and 14–19 (see 

Tables 3 and 4).  Additionally, loadings on the general factor were high ranging from .57 to .86 

(median=.70) at age 9–13 and .58 to .88 (median=.70) at age 14 –19.   These results suggest the 

primacy of the general factor.  

Omega Coefficients and H 

Across both age ranges omega hierarchical and H exceeded the standard for confident 

clinical interpretation of the general factor.  At ages 9–13 and 14–19, omega hierarchical was .90 

and .93, respectively.  H results (.96 for both age ranges) similarly indicated that the WJ IV ACH 

could be confidently interpreted at the general level. Omega hierarchical subscale, on the other 

hand, along with ECV and H suggested that there is insufficient group factor variance for 

confident clinical interpretation of the CHC-based indices.  Tables 3 and 4 show that omega 

hierarchical subscale ranged from .13 to .33 and .13 to .32 for ages 9-13 and 14-19, respectively, 

well below the suggested threshold of .50 suggested for clinical interpretation. H was similarly 



STRUCTURAL ANALYSIS OF THE WJ IV ACH  11 
	

low, with the highest H level of .63 for the age 9 to 13 Gc factor but below that level for all other 

group factors. 

Subtest Specific Variance  

Tables 3 and 4 show that subtest specificity ranged from .13 to .33 and .13 to .32 for ages 

9-13 and 14-19, respectively, well below the suggested threshold of .25 suggested for clinical 

interpretation of individual subtests.   

Pattern of Loadings 

An investigation of the pattern of factor loadings indicates that the group factors appear 

to be related to five broad CHC-related attributes: Ga, Gq, Grw, Gs, and Gc.  On the surface, this 

appears consistent with the theoretical perspective of the WJ IV; however, there are problems 

with superficial interpretation of these findings.  

First, for both age groups the academic fluency subtests coalesced to form a Gs factor 

rather than load on their respective academic factors across both age ranges.  The only exception 

was the Math Facts Fluency test which had a noticeable cross-loading on the Gq factor.  Second, 

the Editing, Oral Reading, and Spelling tests did not saliently load on any group factor for either 

age range. However, these subtests all had substantial loadings on the general factor.  Third, the 

most complexly determined factors were those produced from the reading and writing subtests.  

Some of the reading and writing tests fused together to form a Grw factor, while other tests (e.g., 

Letter-Word Identification, Spelling) that were designed to measure Grw (according to the 

Technical Manual) combined with other tests to cross-load what appears to be a Ga factor.  This 

complex combination of subtests is problematic. Although numerous departures from simple 

structure (i.e., subtest cross-loading) were reported in the Manual, many of the scores that are 
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provided to users are derived from weighted combinations of two or more subtests that fail to 

capture this dimensional complexity. 

Discussion 

In this study we investigated the structure of the WJ IV ACH.  Ideally, the 

authors/publishers of the instrument would have explained the attributes the instrument was 

designed to measure. Then, the instrument's scores could be justified by explaining how each 

attribute's grammar (i.e., rules) was followed in creating scores for the attributes (Maraun, 1998).  

This was not done. Instead, the attributes the instrument was designed to measure are discussed 

independently of the scores provided for users to interpret. Subsequently, justification for the 

scores is implied through various correlation analyses—not of the WJ IV ACH tests, but of tests 

from all three of the WJ IV instruments together. Consequently, tests load on multiple factors, 

and the factors are defined by tests that are both theoretically consistent and inconsistent. Thus, 

clinicians may be left wondering what the scores represent and whether all of the more than 20 

scores that are provided in the WJ IV scoring program should be interpreted. Relatedly, the 

results of Dombrowski’s (2015) WJ III Achievement study suggest a similar lack of alignment 

with CHC theory and the underlying scores in the scoring program to that suggested in this 

study. 

Although the face validity of academic achievement tests often makes it appear that the 

attributes the scores represent are "self-evident," they are not exempt from well-established 

validity requirements. In fact, the joint standards (American Educational Research Association 

[AERA], American Psychological Association [APA], & National Council on Measurement in 

Education [NCME], 2014) has a whole chapter devoted to tests used for educational assessment, 

including the need to fully understand an instrument’s test structure and reliability prior to 
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making high-stakes educational decisions. Nonetheless, clinical tests of academic achievement 

have only been sporadically studied in the peer-reviewed literature.  Given the routine use of 

these tests in high stakes educational decisions (e.g., eligibility determination for special 

education and related services), this could well pose problems for the field.   

Considering these issues, we re-analyzed the WJ IV ACH correlation data using EBFA, 

specifically investigating the consistency of the factor structure with the scores provided by the 

instrument to interpret. We used EBFA because the WJ IV ACH scores are hierarchical in 

nature—ranging from general to group.  The results yielded a structure that was neither 

consistent with CHC theory nor the scoring system reported in the WJ IV Technical Manual. The 

major implication from this study is that it is unclear what attributes the WJ IV ACH scores 

represent. 

The General Factor 

Although results from EBFA indicate the presence of a general factor, it is unclear what 

attribute this factor represents. Is the WJ IV ACH primarily measuring some type of overarching 

general achievement attribute? If this is the case, then why was not such an attribute discussed in 

the technical manual? While the idea of such an attribute has been around for a long time (e.g., 

Cattell, 1963), it is ill-defined and we find it questionable that a major achievement instrument 

would look to measure such an attribute without devoting a substantial amount of text to it in the 

technical manual.  

Is the general factor that was uncovered in this study consistent with the general factor found 

on tests of cognitive ability? Or, is it an academic achievement general factor?  Whereas 

Dombrowski (2015) was agnostic to this question, Kaufman, Reynolds, Lui, Kaufman, & 

McGrew (2012) made the case for separate cognitive and academic general factors, suggesting 
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that the two are distinct at the latent level. Nonetheless, Kaufman et al.’s (2012) study found a 

correlation between academic-g (ACH-g) and cognitive-g (COG-g) that averaged .83 (range .77 

to 94), suggesting a fairly high level of isomorphism between the two constructs.  In fact, this 

level of correlation is consistent with the correlation among the general factors that have been 

extracted from commercial tests of cognitive ability (Dombrowski, DiStefano & Noonan, 2004; 

Dombrowski & Noonan, 2004).  As a result, it is yet unresolved whether the resulting general 

factor may simply be labeled as academic or cognitive.  

Krause (2012) might contend that because only achievement tests were used, the general 

factor should be conceptualized as academic achievement.  However, there is also the possibility 

that it reflects the higher order general cognitive ability factor found at the apex of CHC theory 

as many of the group factor dimensions located in the present study are consistent with that 

architecture. On the other hand, if psychometric g accounts for the majority of covariation among 

academic tasks then a general factor measured by academic achievement tests cannot also be the 

predominant cause of covariance. A general factor derived from academic achievement tests may 

not be isomorphic with psychometric g (i.e., Kaufman et al.’s conclusion) as not every general 

factor identified with factor analytic methods is psychometric g. While these factors have been 

found to correlate (Kaufman, Reynolds, Lui, Kaufman, & McGrew, 2012), the attribute theory 

for psychometric g purports that it be operationalized using a sufficient range of indicators which 

vary with respect to content, stimulus modality, and response modality (Jensen & Weng, 1993). 

Further, in accord with the attribute theory for g, indicators should include tasks that involve 

abstraction and novel problem-solving rather than relying solely on academic achievement tests 

involving acquired knowledge and skills. Given the absence of an attribute theory defining the 

general factor measured by academic achievement tests, it may be best to interpret this factor as 
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a formative latent variable, or in other words a composite (Bolen & Bauldry, 2011). Regardless 

of whether the general factor is academic or cognitive, there is not a good theoretical 

conceptualization of what that factor represents.  This line of thinking deserves further empirical 

attention. 

Jensen (1993) noted that “A chief difference between the measurement of g and of 

achievement is that with tests of g our interest is mainly in the latent trait itself and not in the 

particular class of test items that reflect it and serve merely as vehicles for its measurement. In 

achievement testing, on the other hand, we are primarily interested in generalizing about the 

particular class of items in the achievement test. We want to know, for example, whether Johnny 

or Mary can add mixed fractions or do long division involving decimals” (p. 148). It is unclear 

what clinical relevance a global achievement score has, as it involves generalization across a 

very broad class of items.   

When making educational diagnostic decisions, most clinicians tend to interpret academic 

group scores and subtests in accordance with the theoretical constructs postulated in federal 

guidelines for specific learning disabilities eligibility (i.e., basic reading, reading comprehension, 

math calculation, math reasoning, etc.).  If a global composite score is available and test 

publishers recommend its interpretation, and the factor representing this score absorbs the 

majority of the reliable variance on these tests, then is this evidence to support the presence of a 

general factor of achievement?  If one accepts the tenability of a general academic factor, then it 

appears that commercial ability tests such as the WJ IV ACH may only serve as indicators of 

global academic success.  Could this finding be due to statistical artifact? In other words are 

there simply not enough measures of group factor abilities to differentiate them from general 

ability? If more or superior reading, writing or mathematics tests were added then would group 
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factors dominate over the general factor? Although these questions cannot be answered without 

additional research, relative to cognitive tests, where indicators are often abstractions of latent 

abilities (e.g., Block Design) and thus the relationships to real world tasks are often illusive, the 

tasks on achievement tests bear a more direct relationship to the observable dimensions of 

achievement (e.g., reading, writing, and mathematics). Thus, scores reflecting well-specified 

academic attributes are likely to be readily interpretable, even if these scores are 

multidimensional (i.e., influenced by multiple factors).   

Clusters 

As previously mentioned, the WJ IV scoring software calculates myriad achievement 

cluster scores that were not modeled in the structural analyses reported in the Technical Manual. 

Only the academic fluency and academic knowledge clusters emerged following the use of 

EBFA in the present study.  No support for the other cluster scores were found. Combined, these 

results suggest factorial complexity of the WJ IV ACH tests, which not only deviates from 

posited CHC theory but also deviates significantly from the scores reported by the WJ IV ACH 

scoring system.  

Subtests 

Although the preponderance of research emanating out of the cognitive ability literature 

has long recommended that subtest level analyses should be avoided (see McDermott, Fantuzzo, 

& Glutting, 1990; Watkins, 2003), other sources—primarily those that serve to guide clinician 

assessment practices but may not have been subjected to blind peer review (e.g., Groth-Marnat & 

Wright, 2016; Kaufman & Lichtenberger; 2006; Sattler, 2008)—have consistently encouraged 

interpretation of these tests at the subtest level, furnishing intuitive and logical support for this 

practice.  The WJ IV Tests of Achievement Examiner’s Manual (2014) does not expressly 
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endorse the practice of subtest level interpretation but it does offer explicit details regarding the 

presumed abilities measured by the subtests.  Consequently, reliable specific variance was 

incorporated in the present analyses. Using the criterion of .25 that Kaufman (1975) and 

Kaufman and Lichtenberger (2006) recommend as support for the interpretation of cognitive 

subtest scores, most of the WJ IV ACH have inadequate target construct variance for individual 

interpretation.  At ages 9 to 13, only Spelling of Sounds, Applied Problems, Number Matrices, 

Writing Samples, Reading Recall, Humanities and Oral Reading exceed the recommended 

threshold for interpretation.  At ages 14 to 19, only Spelling of Sounds, Number Matrices, 

Writing Samples, Reading Recall, and Oral Reading exceeded this threshold. 

Validity Evidence Based on Test Content 

As the interpretation of scores from tests of academic achievement often focus on 

generalizations about particular classes of items that reflect academic skills of interest, validity 

evidence based on test content seemingly is a more salient concern than is percent of target 

construct variance. Validity evidence based on test content, often referred to as construct 

validity, refers to “…the degree to which the content of a test is congruent with testing purposes” 

(Sireci & Baulker-Bond, 2014, p. 101). Notably, scant evidence of content validity is presented 

in the technical manual. Sireci and Faulkner-Bond (2014) recommend that congruence in ratings 

from multiple (i.e., 10 or more) subject matter experts be used as a criterion for determining if 

the content of an academic achievement test is sufficient with respect to relevance and quality, 

and that test alignment research be used to ensure that such tests are congruent with relevant 

curriculum frameworks and standards. It does not appear that these strategies were used when 

designing the WJ IV or when accumulating evidence to support the use and interpretation of its 
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scores.  Notably, overlap between content sampled in norm-referenced tests of achievement and 

local curricula has often been found to be very low (Shapiro, 2011). 

While it is impractical for the publishers to study alignment with the local curriculum of 

all school districts that use the WJ IV ACH, there is an educational initiative (i.e., the Common 

Core State Standards Initiative; www.corestandards.org) that details essential English language 

arts, reading, and mathematical knowledge and skills that should be expected to be covered in 

the curricula of all U.S. K-12 schools. Alignment with the Common Core could be studied in an 

effort to better understand the extent to which score interpretations are supported by validity 

evidence based on test content.  

  Implications for Clinical Practice 

The results of this study have important implications for the interpretation of broad band 

tests of academic achievement such as the WJ IV ACH.  Despite producing a hierarchical total 

achievement score, academic achievement tests are frequently interpreted by focusing attention 

on the interpretation of group factor (i.e., index, composite) scores.  As suggested by this study 

this interpretive approach must be undertaken cautiously for several reasons.  First, subtest 

loadings suggest a degree of factorial complexity with several subtests experiencing salient 

cross-loadings on different factors. The exception includes Academic Fluency and Academic 

Knowledge. The academic fluency subtests formed a separate factor instead of contributing to 

their proposed academic factors. The Math Facts Fluency subtest was the sole exception. Also, 

two subtests at age 9-13 and three at age 14-19 load saliently on only the general factor without a 

salient group factor loading.   The results of this study did not locate distinct reading, writing, 

and basic reading (and many other) factors furnished by the WJ IV scoring system.  Even if the 

WJ IV ACH subtests perfectly loaded on their posited factors/scoring system clusters, we would 
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still urge caution regarding the interpretation of many of the WJ IV ACH index level/cluster 

scores.  There is simply insufficient unique variance to interpret most of these scores in isolation. 

Third, omega coefficients, ECV and H estimates indicate that users of the WJ IV ACH can 

interpret scores representing the general factor (i.e., Broad & Brief Achievement) with 

confidence, although additional interpretation of the scores related to group factors should be 

employed more cautiously, if at all.  The general factor simply absorbs the majority of variance 

leaving insufficient residual variance for confident clinical interpretation of group factors.  In 

totality, practitioners may do well to forgo using most of the cluster level scores calculated in the 

WJ scoring program (e.g., Basic Reading, Broad Reading, etc.) for high stakes educational 

decisions as it appears that many of these indices do not have sufficient structural support.  

The results of this study also have implications that impact the interpretation of results 

from a series of predictive validity studies (e.g., Cormier, Bulut, McGrew & Frison, 2016; 

Cormier, Bulut, McGrew & Singh, 2017; Cormier, McGrew, Bulut & Fuanmoto, 2017).  These 

studies demonstrated how selected indices from the WJ IV Cognitive may be used to predict 

academic achievement.  However, if the underlying academic achievement constructs are poorly 

defined and lack structural validity evidence then the conclusions drawn from the 

aforementioned series of articles may be called to question.  The constructs used in these 

predictive validity studies may not be as evident as the test publisher suggests.  

Additionally, the results of this study have clinical implications that inform subtest 

interpretation. Examination of reliable specific variance that only 8 subtests at ages 9-13 and 7 

subtests at ages 14-19 on the WJ IV ACH have sufficient specificity for isolated interpretation 

based on the criterion recommended for the interpretation of cognitive subtest scores. Please see 
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Figures 1 and 2 for a visual depiction of variance apportionment among general, group and 

subtests across both WJ IV ACH age ranges.  

Admonitions against subtest interpretation are common in the empirical literature 

regarding tests of cognitive ability (Macmann & Barnett, 1997; Matarazzo & Prifitera, 1989; 

McDermott, Fantuzzo, & Glutting, 1990; Watkins, 2000, 2003; Watkins & Kush, 1994).  Do 

these admonitions against subtest interpretation apply when interpreting academic achievement 

subtests—or at least the WJ IV ACH subtests?  From a purely psychometric perspective, the 

answer is yes.  However, as Jensen (1993) noted, the purpose of administering tests of academic 

achievement is typically to generalize about particular classes of items that reflect academic 

skills. For example, it makes little intuitive sense to create another spelling subtest so that a 

group factor can be created and a spelling index derived. A more practical solution is to expand 

the content of the spelling subtest to more generally reflect curricular standards, which in turn 

will permit a more reliable and valid evaluation of spelling abilities. Finally, provided extant WJ 

IV ACH subtests have sufficient validity evidence based on test content, interpreting these 

subtests may actually be a sounder practice than is interpreting the academic composites. While 

the WJ IV ACH composites are primarily measures of a general factor that appear to be poorly 

specified measures of academic attributes, WJ IV ACH subtests contain narrow classes of items 

that generally seem to reflect meaningful tasks and produce scores that are supported by 

estimates of reliability.  

Study Limitations  

Despite the consistency of these results across the school-age range for the WJ IV ACH, 

the present study is not without limitations. First, there is a legitimate question as to what model 

approach (i.e., oblique, bifactor, higher order) should be used to uncover the latent structure of 
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academic achievement?  We applied a bifactor model because the scores provided by the WJ IV 

are hierarchical in nature.  But, there are other models to consider including a higher-order, 

oblique, and multi-unidimensional models. Additionally, limitations of the study include the use 

of correlation matrices instead of raw data and the replication on a sample presented in the 

technical manual.  Analysis on independent samples will be worthwhile as will follow-up CFA 

studies comparing different conceptualization of academic achievement (i.e., oblique, higher 

order, bifactor).   

Perhaps the most important limitation of the study is that we used correlational data to 

understand the attributes the instrument's scores represent. We are well aware of the irrelevance 

of using correlational data to define or validate attributes (Borsboom, Cramer, Kievit, Scholten, 

& Franić, 2009). Nonetheless, given the lack of conceptual clarity in the Technical Manual 

regarding what the sundry scores represent and the availability of the test correlations, we 

thought this was the best approach to take. Still, our results should be understood within the 

limitations of using empirical data to answer more conceptual questions (Jackson & Maraun, 

1996). 

Conclusion 

In totality, the results of this study suggest caution regarding the interpretation of the WJ 

IV ACH scores. We base this statement on the lack of clear understanding of the attributes the 

scores represent, factorial complexity of the test scores (i.e., lack of alignment of subtests with 

their theoretically proposed factors or with the scoring system furnished by the WJ IV), and a 

lack of unique variance apportioned to the group factors and singular subtests to interpret all the 

scores that are provided to be interpreted.  Given that there is an absence of evidence to verify 

what the instrument is really measuring, its scores should be used very cautiously in high-stakes 
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decision making, or perhaps be limited to use in lower-stakes decisions such as academic 

screenings.  
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	 Subtest/CHC	Factor	    	 	 	 	 	 	 	 	 	 	 	  	 	 	 	  
	 Letter-Word	Identification	(Grw)	 ✓	 ✓	 ✓	 	 	 	 	 	 	 	 	 	 	 	 ✓	 	 	 	 	 ✓	

Applied	Problems	(Gq/Gf)	 	 	 	 	 	 	 ✓	 ✓	 	 ✓	 	 	 	 	 	 	 ✓	 	 	 ✓	
Spelling	(Grw)	 	 	 	 	 	 	 	 	 	 	 ✓	 ✓	 ✓	 	 ✓	 	 	 	 	 ✓	
Passage	Comprehension	(Grw)	 ✓	 ✓	 	 ✓	 	 	 	 	 	 	 	 	 	 	 	 	 ✓	 	 	 ♢	
Calculation	(Gq)	 	 	 	 	 	 	 ✓	 ✓	 ✓	 	 	 	 	 	 ✓	 	 	 	 	 ♢	
Writing	Samples	(Grw)	 	 	 	 	 	 	 	 	 	 	 ✓	 ✓	 	 ✓	 	 	 ✓	 	 	 ♢	
Word	Attack	(Grw/Ga)	 	 	 ✓	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ✓	 	
Oral	Reading	(Grw)	 	 	 	 	 ✓	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Sentence	Reading	Fluency	(Grw/Gs)	 	 ✓	 	 	 ✓	 ✓	 	 	 	 	 	 	 	 	 	 ✓	 	 	 	 ♢	
Math	Facts	Fluency	(Gq/Gs)	 	 	 	 	 	 	 	 ✓	 ✓	 	 	 	 	 	 	 ✓	 	 	 	 ♢	
Sentence	Writing	Fluency	(Grw/Gs)	 	 	 	 	 	 	 	 	 	 	 	 ✓	 	 ✓	 	 ✓	 	 	 	 ♢	

	 Reading	Recall	(Grw/Glr)	 	 	 	 ✓	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
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✓  Tests	required	to	create	the	cluster	listed.		
•			Additional	test	required	to	create	an	extended	version	of	the	cluster	listed	
�		Additional	tests	required	to	create	the	Broad	Achievement	cluster.	
	
Note:	Grw = Reading/Writing, Gq = Quantitative Reasoning, Gc = Academic Knowledge/Crystallized Ability, Gs = Academic Fluency/Processing Speed. 
Ga=Auditory Processing.  
 
From Woodcock-Johnson IV™ (WJ IV™) Technical Manual. Copyright © Houghton Mifflin Harcourt Publishing Company. All rights reserved. Used by 
permission of the publisher. Any further duplication is strictly prohibited unless written permission is obtained from Houghton Mifflin Harcourt Publishing 
Company.

Number	Matrices	(Gf)	 	 	 	 	 	 	 	 	 	 ✓	 	 	 	 	 	 	 	 	 	 	
Editing	(Grw)	 	 	 	 	 	 	 	 	 	 	 	 	 ✓	 	 	 	 	 	 	 	
Word	Reading	Fluency	(Grw/Gs)	 	 	 	 	 	 ✓	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Spelling	of	Sounds	(Grw/Ga)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ✓	 	
Reading	Vocabulary	(Grw/Gc)	 	 	 	 •	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
Science	(Gc)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ✓	 	 	
Social	Studies	(Gc)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ✓	 	 	
Humanities	(Gc)	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 ✓	 	 	
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Table 2 

 
Factor Extraction Results  
         _ 
 
Extraction Methods      Age 9 to 13      Age 14 to 19_ 
    
Empirical BIC     6  5   
MAP      3  4  
PA, Factors (50th and 95th%ile)  6 & 6  5 & 6  
PA, Components (50th and 95th%ile)  3  3  
Scree      4–5  4–5  
Kaiser (Eigenvalue >1)   3  3______                      
Note: BIC=Bayesian Information Criterion; MAP=Minimum average partial test;  
PA=Parallel Analysis 
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Table 3  
 
Exploratory Bifactor Analysis Variance Apportionment of the Woodcock-Johnson Tests of Achievement-Fourth Edition (Ages 9-13) Six 
Factor Solution (one general & 5 group factors) 
 
   Factor         

Test 
     

ACH-g 
      

Ga Gq Grw 
 

Gs Gc h² u² e² s² 
Letter Word Identification (Grw) .87 .22 -.07 .08 -.02 -.02 .81 .19 .06 .13 
Applied Problems (Gq/Gf) .70 -.03 .35 .02 .00 .23 .67 .34 .08 .26 
Spelling (Grw) .62 .38 .04 -.07 .02 -.02 .54 .46 .12 .34 
Passage Comprehension (Grw) .80 -.01 -.10 .27 -.07 .00 .72 .28 .11 .17 
Calculation (Gq) .74 .01 .51 .18 .02 .08 .84 .16 .07 .09 
Writing Samples (Grw) .60 .22 -.01 .44 .02 .02 .60 .40 .10 .30 
Word Attack (Grw/Ga) .69 .48 -.17 .06 -.09 .02 .75 .25 .10 .15 
Oral Reading (Grw) .78 .03 -.16 -.11 .05 -.14 .67 .33 .04 .29 
Sentence Reading Fluency (GrwGs) .75 .01 .00 .04 .50 -.08 .82 .19 .06 .13 
Math Fact Fluency (Gq/Gs) .66 .02 .37 -.05 .39 -.09 .74 .26 .04 .22 
Sentence Writing Fluency  .71 -.01 .08 .12 .40 -.09 .68 .32 .20 .12 
Reading Recall (Grw/Glr) .64 -.03 .03 .33 -.01 -.09 .53 .47 .08 .39 
Number Matrices (Gf) .57 -.07 .31 -.14 .02 .18 .48 .52 .08 .44 
Editing (Grw) .83 -.03 -.05 -.08 .02 .06 .71 .29 .09 .20 
Word Reading Fluency (Grw/Gs) .63 -.06 .01 -.01 .56 -.02 .72 .28 .08 .20 
Spelling of Sounds (Grw/Ga) .62 .38 .04 -.07 .02 -.02 .54 .46 .12 .34 
Reading Vocabulary (Grw/Gc) .84 -.21 -.16 -.03 -.03 .21 .82 .18 .12 .06 
Science (Gc) .54 .06 .01 .10 -.07 .70 .79 .21 .16 .05 
Social Studies (Gc) .60 .03 .02 -.04 -.01 .53 .64 .36 .13 .23 
Humanities (Gc) .56 -.09 .01 -.20 -.06 .49 .61 .39 .13 .26 
Common Variance (%) .72 .04 .05 .04 .07 .09 .70 .30 .10      .21 
Total Variance (%) .50 .03 .04 .03 .05 .06     
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ωH/ ωHS .90 .13 .21 .17 .28 .33     
H .96 .36 .37 .31 .54 .63     
           

Note. ACH-g = general achievement, Grw = Reading/Writing, Gq = Quantitative Reasoning, Gc = Academic Knowledge/Crystallized Ability, Gs = Academic 
Fluency/Processing Speed. Ga=Auditory Processing. h2 = communality; u2 = uniqueness; e2 =error (1-reliability); Reliability estimates from McGrew, LaForte, & 
Schrank (2014); s2 = subtest specific variance (u2-error); ωH = omega hierarchical; ωHSh = omega-hierarchical subscale. H= Index of construct replicability. 
 
 

  



STRUCTURAL ANALYSIS OF THE WJ IV ACH  36 
	

Table 4  
 
Exploratory Bifactor Analysis Variance Apportionment of the Woodcock-Johnson Tests of Achievement-Fourth Edition 
(Ages 14-19) Six Factor Solution (one general & 5 group factors) 
 
   Factor         

Test ACH-g Gq Grw Ga 
 

Gs Gc h² u² e² s² 
Letter Word Identification (Grw) .88 -.11 -.02 .18 -.01 -.06 .82 .18 .06 .12 
Applied Problems (Gq/Gf) .75 .38 .02 -.06 .01 .24 .77 .24 .08 .16 
Spelling (Grw) .86 -.01 -.19 .12 .10 -.01 .80 .20 .08 .12 
Passage Comprehension (Grw) .83 -.07 .28 .01 -.05 -.01 .77 .23 .11 .12 
Calculation (Gq) .76 .53 .12 .02 .01 .10 .89 .11 .07 .04 
Writing Samples (Grw) .65 .00 .36 .24 -.04 .00 .60 .40 .10 .30 
Word Attack (Grw/Ga) .72 -.13 .02 .45 -.16 .01 .76 .24 .10 .14 
Oral Reading (Grw) .78 -.12 -.05 .02 .07 -.12 .64 .36 .04 .32 
Sentence Reading Fluency (GrwGs) .72 -.04 .07 -.01 .53 -.04 .81 .19 .06 .13 
Math Fact Fluency (Gq/Gs) .61 .41 -.06 .02 .42 -.04 .72 .28 .04 .24 
Sentence Writing Fluency  .68 .06 .08 .00 .40 -.09 .64 .36 .20 .16 
Reading Recall (Grw/Glr) .59 .02 .32 -.03 .05 -.17 .49 .51 .08 .43 
Number Matrices (Gf) .61 .30 -.14 -.06 .01 .21 .53 .47 .08 .39 
Editing (Grw) .83 .00 -.12 -.07 .02 .04 .72 .28 .09 .19 
Word Reading Fluency (Grw/Gs) .58 .03 -.03 -.06 .59 -.01 .69 .31 .08 .23 
Spelling of Sounds (Grw/Ga) .67 .06 .00 .33 .03 -.03 .57 .43 .12 .31 
Reading Vocabulary (Grw/Gc) .86 -.12 .00 -.21 -.02 .20 .84 .16 .12 .04 
Science (Gc) .65 .02 .08 .03 -.11 .56 .76 .24 .16 .08 
Social Studies (Gc) .66 .05 -.04 .06 -.03 .51 .71 .29 .13 .16 
Humanities (Gc) .63 .00 -.16 -.07 -.04 .51 .68 .32 .13 .19 
Common Variance (%) .74 .05 .03 .03 .07 .07 .71 .29 .10 .19 
Total Variance (%) .52 .04 .02 .02 .05 .05     
ωH/ ωHS .93 .22 .14 .13 .32 .26     
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H .96 .40 .26 .32 .57 .54     
           

Note. ACH-g = general achievement, Grw = Reading/Writing, Gq = Quantitative Reasoning, Gc = Academic Knowledge/Crystallized Ability, Gs = 
Academic Fluency/Processing Speed. Ga=Auditory Processing. h2 = communality; u2 = uniqueness e2 =error (1-reliability); Reliability estimates 
from McGrew, LaForte, & Schrank (2014); s2 = subtest specific variance (u2-error); ωH = omega hierarchical; ωHS = omega-hierarchical subscale. H= 
Index of construct replicability. 
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Figure 1. Variance apportionment among general, group and specific WJ IV ACH age 9-12 subtests. 
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Figure 2. Variance apportionment among general, group and specific WJ IV ACH age 14-19 subtests. 


