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INTRODUCTION 

 

This manual presents technical information about the design and properties of the 

VASE Assessment, a vocabulary test for fourth and fifth grades.  The assessment is 

innovative in its approach to both breadth and depth of academic vocabulary, 

building on current research and depending on experienced elementary teachers to 

ensure the quality of both the vocabulary selected and the items.  VASE assesses 

word knowledge as multifaceted, with specific dimensions that can be measured 

independently; the results of these measures provide teachers with diagnostic data 

to inform their instruction about words and word use.  In addition, the VASE 

Assessment reports on student growth both annually and across both grades, 

allowing educators to monitor students’ longitudinal mastery of grade-level 

academic vocabulary. 

 

For questions about this technical manual, please contact Jack Vevea, VASE Co-

Principal Investigator, at jvevea@ucmerced.edu. 
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DESCRIPTION OF THE VASE ASSESSMENT 

 
 The VASE Assessment: 1) tests students’ familiarity with grade-level vocabulary in 

math, science, social studies, and language arts; 2) provides diagnostic information about 

specific aspects of their word knowledge; and 3) measures their vocabulary growth over the 

school year and across 4
th

 and 5
th

 grades.  VASE results identify strengths and weaknesses in the 

breadth and depth of students’ academic vocabularies. 

 The VASE Assessment is able to test breadth of grade-level vocabulary, or knowledge of 

the full range of grade-level words, through word selection grounded in classroom materials and 

teacher expertise.  Students should be tested on words that they might reasonably be expected to 

encounter in their classroom work.  The VASE items come from words that experienced 

elementary teachers identified as unfamiliar or conceptually new for their typical students from 

40 commonly used grade-level curricular materials (textbooks and novels) in science, math, 

social studies, and English language arts, plus the California English language arts standards for 

the two grades.  The VASE team then narrowed the enormous list of vocabulary to exclude 

outlier words that students were highly unlikely either to know (words that were too difficult or 

too rare) or to encounter in their class reading (words that occurred in just one or two subject 

textbooks or language arts sources); the narrowed list still included over 39,000 words identified 

by the teachers.  For item writing, we then chose 625 words from the list to represent the range 

of the subjects, grade levels, and morphological family sizes in the word list as a whole.  In 

particular, we selected words to represent the relative distribution of class time across the school 

day in fourth and fifth grades—40% English language arts, 20% math, 20% science, and 20% 

social studies.  In this way, VASE items capture the breadth of new academic vocabulary that 

students are exposed to in these grades. 

 The VASE Assessment also tests depth of word knowledge along six dimensions.  Each 

word tested is presented as a word-level testlet consisting of six questions about the word, and 

each question probes one dimension of vocabulary: metacognitive self assessment, semantically 

related words, morphology, words used in context, definitions, and parts of speech.  Thus the 

questions related to each word on the test are aligned with our theoretical understanding of 

students’ multifaceted word knowledge.  VASE reports include scores or means for each 

dimension, which indicate the depth of word knowledge for the student or for the group. 

 The VASE Assessment consists of tests with 24 multiple-choice word-level testlets (see 

sample item on page 5).  The test is timed (20 minutes) and usually administered by teachers in 

their classrooms.  The VASE Assessment consists of two equivalent test forms for fourth grade 

and two for fifth grade, and the four test forms are linked using common-item equating (four 

words are common to all tests).  Scores are reported on a common scale that spans the two 

grades, allowing for the tracking of vocabulary growth.  Usually teachers administer the 

assessment in the fall and the spring of both fourth and fifth grades, so growth is reported 

annually and can be reported for individual students from the start of fourth grade through the 

end of fifth grade. 

 The VASE scaling sample consisted of tests from 5862 fourth and fifth graders from 

districts across California who took the assessment during 2012.  The VASE Assessment was 

scaled using item response theory (IRT) methods.  Thissen, Steinberg & Mooney's (1989) testlet 

approach was used to deal with the statistical problem of local dependence due to clusters of 

items related to common words by transforming clusters of related items into graded responses, 

which are scaled using Samejima’s (1996) graded IRT model.  The resulting VASE tests are 
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highly reliable; marginal reliability is either .94 or .95 for each of the four forms.  Often tests 

achieve such high reliability by essentially asking the same question repeatedly (e.g., “I love 

chocolate,”  “Chocolate tastes good,”  “Chocolate is delicious,”  “I enjoy eating chocolate”).  

That is clearly not the case with the VASE Assessment. 

  The overall performance scores measure students’ proficiency on the assessment.  They 

are expressed on a scale with the minimum score = 1000 and the maximum score = 9000.  The 

overall mean is set at 5000.  The VASE scale is constant across fourth and fifth grades.  On a 

constant scale, fourth graders’ individual scores and fourth-grade means will tend to be lower 

than the scores and means for fifth graders.  The constant scale allows VASE to track students’ 

growth across grades.  VASE overall scores are broken into three performance levels by grade:  

basic, proficient, and advanced.  Scores at the basic level indicate partial mastery of the breadth 

and depth of word knowledge needed for proficient work at the completion of the grade.  Scores 

at the proficient level represent solid word knowledge for students completing their grade.  

Scores at the advanced level denote superior word knowledge—vocabulary development that 

exceeds expected proficiency at the completion of the grade.  The subscale scores, also reported 

on the 1000 to 9000 scale, indicate student knowledge of distinct facets of word knowledge:  

related words, morphology, context sentences, parts of speech, and definitions.  The spring 

VASE reports calculate growth scores or growth means on the overall and subscale measures for 

students who took the assessment in both the fall and the spring. 
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A SAMPLE VASE ITEM 

 
FILL IN THE SMALL CIRCLE BESIDE THE CORRECT ANSWER (ONLY ONE ANSWER). 

 

How well do you know the word official? 

 O   I’m sure I know what this word means. 

 O   I think I know what this word means. 

 O   I am not sure what this word means. 

 O   I don’t know what this word means. 

 

I think that these words are related to official: 

 O   Slowly, inefficient, dragging on 

 O   Suggesting, guidance, informative 

 O   Jewelry, ornamental, wearing 

 O   Rightful, endorsed, permission 

 

Which word do you think is a correct word connected in meaning to official: 

 O   Reofficial 

 O   Officialen 

 O   Unofficial 

 O   Officialest 

 

Choose the sentence that you think makes the most sense. 

 O   There is an official website for the new movie. 

 O   Any outfit looks fancy when you put on a fine official.  

 O   The teacher wanted to official the student about going to college. 

 O   Jessica is so official that it takes her hours to do a simple job.  

 

I think the word official is closest in meaning to: 

 O   Giving good advice to someone 

 O   Unable to finish something in a reasonable amount of time 

 O   Approved by someone in authority 

 O   A large decorative pin or clasp 

 

SOME WORDS HAVE ONE PART OF SPEECH, BUT SOME HAVE MORE THAN ONE.   

FILL IN THE CIRCLE BESIDE THE CORRECT ANSWER OR ANSWERS. 

 

I think the word official may be: 

 O   A noun 

 O   A verb 

 O   An adjective 

 O   An adverb 
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DIFFERENTIAL TEST FUNCTION WITH RESPECT TO GENDER 

 
When we measure and compare groups using the same test, it is important that these 

groups be measured equivalently. That is, two people matched by ability level should have 

similar scores on the test, regardless of what other characteristics they may have. When 

differences occur, we say that the test lacks measurement invariance due to differential test 

function (DTF). DTF is generally a compilation of items that function differently; hence, the 

term differential item function (DIF) is used when speaking of items rather than of the test as a 

whole.  Here, we focus primarily on the question of whether the VASE Assessment exhibits 

DTF, because individual items can exhibit modest DIF while still forming an overall test that 

does not have DTF.  We consider the question of whether the tests measure equivalently for 

males and females.   

Recall that each form of the VASE Assessment presents students with 24 words 

(including the four linking words that are common to all four forms). The test is arranged in a 

testlet format where multiple questions are directed towards probing the understanding of a 

single word. For each word's testlet, students are asked six questions designed to probe their 

knowledge about vocabulary:  self-monitoring, context, definition, semantic field or synonym, 

morphology and parts of speech. VASE reports a single vocabulary score as well as subscale 

forms for constructs related to each of the last five questions in the testlet.  Here, we also concern 

ourselves with the unreported self-monitoring scale, as it contributes to the overall VASE scale 

score.  We seek to ensure that neither the overall VASE score nor the subscale scores exhibit 

DTF for male and female students that is sufficiently large to represent unfair assessment 

Participants for this investigation were elementary school students (4th grade n = 3364; 

5th grade n = 3304) from several diverse regions in California. Participants were recruited in 

three waves: the first was in Spring 2010-2012 (n = 1368); the second was in Fall 2012-2013 (n 

= 3894); and the third was collected in Spring 2012-2013 (n = 1707). A further breakdown of 

participant sample sizes by gender, time and test form appears in Table 1. 

 We analyzed the data with the following objectives: (a) to assess the VASE subscales for 

DIR and DTF by gender for each of the four forms of the test, and (b) to assess the VASE total 

scale for DIF and DTF by gender for each of the four forms of the test. For the primary VASE 

scale and subscale analyses, we applied appropriate two parameter or graded response models, 

using the program IRTPRO (Cai, Thissen, & du Toit, 2011).  For the DIF and DTF analyses, we 

employed a feature of that program that allows one group to be defined as a reference group and 

scales all items separately for the reference group and other groups, simultaneously allowing for 

the possibility that the distribution of proficiency may differ across groups.  A Wald test provides 

a way to assess whether the scaling for an item differs significantly (and hence the test functions 

differently) across the groups.  For the gender analysis, we set males as the reference group with 

a latent trait mean of 0 and standard deviation of 1 and females as the focal group in which the 

mean and variance was free to be estimated. Item parameters (item difficulty and item 

discrimination) were free to vary for both groups.  

Checking DIF involves many comparisons because so many individual items are 

involved:  For each VASE test form, 24×7= 672 items are employed to define the overall VASE 

scale and the six subscales, or 2688 items across the four forms.  If absolutely no DIF is present, 

we would expect 5% (or 134) of these items to be flagged for DIF by the Wald test simply by 

random chance.  When we analyzed all of the overall scales and subscales, the tests identified 

130 items as showing DIF.  That is less than one would expect by chance.  Moreover, scrutiny of 
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the items that were common to all four test forms showed that there was no consistency across 

form with respect to which of the identical items were flagged.  That further supports the idea 

that the chance level of DIF that we found really represents random variation. 

It is still possible for a test to have DTF even though it comprises items that do not have 

DIF.  For that reason, we also considered the test characteristic curve for each subscale. The test 

characteristic curve plots test score on the vertical axis and the latent ability (e.g., vocabulary 

knowledge for the VASE scale, semantics knowledge for the semantics subscale, etc.) on the 

horizontal axis.  The curve represents the likelihood of attaining a particular test score as a 

function of ability.  When DTF is of interest, one plots a separate curve for each group (in our 

case males and females), and hopes to see that the two curves coincide.  When interpreting these 

graphs, it is important to remember that most of the students taking the test fall near the center of 

the horizontal axis (i.e., have average vocabulary knowledge).  Hence, it is most important that 

the curves correspond closely in this range, and it is a matter of less concern if the curves 

separate for, say, extremely high ability students at the right side of the plot.  (In all of the plots 

that follow, the test sum score defines the vertical axis scale, and the scale of the horizontal axis 

is on an arbitrary, centered at zero with standard deviation one.) 

 

Subscale Results 

 Self Assessment.  The test characteristic curves for the four forms of the self-assessment 

scale appear in Figures 1 - 4.  In these and all subsequent figures, the blue curve represents girls 

and the black curve represents boys.  The slight vertical separation between the curves indicates 

that girls are slightly more likely to express confidence in their knowledge of an item than are 

boys of equal ability.  The difference is minimal, but represents the largest male-female 

discrepancy of any of the subscales. 

Context.  Figures 5 - 8 show the test characteristic curves for the word-in-context 

subscale.  Note that the curves are virtually identical for males and females in all four test forms. 

Definition.  The curves for the definition subscale appear in Figures 9 - 12.  The curves 

are virtually identical for males and females.  There are minor discrepancies for extremely high-

ability children, but that must be considered in light of the fact that there is much less 

information about the curves in that range because there are few respondents in that ability range 

in the scaling sample. 

Morphology.  Figures 13 - 16 show the curves for the morphology subscale.  Once again, 

the differences between the curves for males and females are minimal.  Minor differences that do 

appear are in the high-ability range where information is sparse. 

Parts of Speech.  For the parts-of-speech subscale, the test characteristic curves shown in 

Figures 17 - 20 are virtually identical for males and females across all ability ranges. 

Semantics.  Figures 21 - 24 show the test characteristic curves for the semantics subscale.  

As was true for definitions and morphology, the only discrepancies in the curves are in the very 

high ability range where information is sparse and few students are affected. 

The overall picture, then, is that the VASE subscales function comparably for male and 

female students. 
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Overall VASE Results 

 The picture is different when we consider the overall VASE scales.   Figures 25 - 28 

show the test characteristic curves for the four forms.  Form 1 exhibits substantial differential test 

functioning (DTF) in favor of the male group especially near and above the middle of the 

proficiency distribution.  The remaining forms show much less DTF.  Nevertheless, Form 2 does 

show slight DTF in favor of the female group.  Forms 3 and 4 show less DTF, probably not at a 

level to cause concern. 

The question remains, though:  How can the subscales show nearly ideal test 

characteristic curves with only minimal DTF, while the overall scale made up of exactly the 

same items shows (for Form 1) substantial DTF?  The answer appears to relate to very sparse 

information about some IRT parameters due to the speededness of the test (which results in 

many students not reaching the final questions).  Three students in the Form 1 scaling sample 

had unexpected answers to items late in the test without completing items earlier in the test.  

When those three students are removed from the analysis, the test characteristic curve changes 

radically.  Figure 29 shows the new curves for males and females.  They are virtually identical. 

Hence, we believe that there is no cause for concern about gender bias for any form of the VASE 

tests or their subscales.  
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Table 1       

Sample sizes per wave and test form.  

Spring 2011-2012 
Male 
(n) 

Female 
(n) 

  Form 1 170 183 

  Form 2 166 194 

  Form 3 157 182 

  Form 4 148 168 

Fall 2012-2013     

  Form 1 547 470 

  Form 2 461 555 

  Form 3 442 503 

  Form 4 435 480 

Spring 2012-2013     

  Form 1 261 206 

  Form 2 206 243 

  Form 3 198 196 

  Form 4 169 228 
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Subscales 

 

Self-Assessment Subscale 

 
Figure 1. Test Characteristic curve for the Self-Assessment subscale for form 1.  
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Figure 2. Test Characteristic curve for the Self-Assessment subscale for form 2.  
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Figure 3. Test Characteristic curve for the Self-Assessment subscale for form 3.  



13 

 

 
Figure 4. Test Characteristic curve for the Self-Assessment subscale for form 4.  
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Context Subscale 

 
Figure 5. Test Characteristic curve for the context subscale for form 1.  
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Figure 6. Test Characteristic curve for the context subscale for form 2.  
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Figure 7. Test Characteristic curve for the context subscale for form 3.  
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Figure 8. Test characteristic curve for the context subscale for form 4.  
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Definition Subscale 

 
Figure 9. Test Characteristic curve for the definition subscale for form 1.  
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Figure 10. Test Characteristic curve for the definition subscale for form 2.  
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Figure 11. Test Characteristic curve for the definition subscale for form 3.  
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Figure 12. Test characteristic curve for the definition subscale for form 4.  
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Morphology Subscale 

 
Figure 13. Test Characteristic curve for the morphology subscale for form 1.  
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Figure 14. Test Characteristic curve for the morphology subscale for form 2.  
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Figure 15. Test Characteristic curve for the morphology subscale for form 3.  
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Figure 16. Test characteristic curve for the morphology subscale for form 4.  
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Parts of Speech Subscale 

 
Figure 17. Test Characteristic curve for the parts of speech subscale for form 1.  
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Figure 18. Test Characteristic curve for the parts of speech subscale for form 2.  
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Figure 19. Test Characteristic curve for the parts of speech subscale for form 3.  
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Figure 20. Test characteristic curve for the parts of speech subscale for form 4.  
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Semantics Subscale 

 
Figure 21. Test Characteristic curve for the semantics subscale for form 1.  
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Figure 22. Test Characteristic curve for the semantics subscale for form 2.  



32 

 

 
Figure 23. Test Characteristic curve for the semantics subscale for form 3.  
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Figure 24. Test characteristic curve for the semantics subscale for form 4.  
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Overall Test 

 

 
Figure 25. Test Characteristic curve for the total test for form 1.  
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Figure 26. Test Characteristic curve for the total test for form 2.  
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Figure 27. Test Characteristic curve for the total test for form 3.  
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Figure 28. Test characteristic curve for the total test for form 4.  
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Figure 29. Test characteristic curve for the total test for form 4, three responses removed.  
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VALIDITY STUDY 

 
 A test is valid to the degree that it assesses what it is intended to assess.  The goals of the 

VASE Assessment are to test students' breadth of grade-level academic vocabulary and their 

multifaceted word knowledge (see the Description of the VASE Assessment).  Steps were taken 

during the development of the assessment to ensure that it would measure those constructs.  To 

select words for item writing, the VASE priorities were: 1) reflecting students’ exposure to 

words in math, science, and social studies textbooks commonly used in fourth- and fifth-grade 

classrooms; 2) including grade-level literary words (rich, descriptive vocabulary from stories and 

novels); and 3) acknowledging that experienced elementary teachers are the experts who can best 

identify grade-level words.  Current research on depth of word knowledge informed the 

development of the multidimensional item formats, and again, experienced elementary teachers 

were the first to vet the newly written items.  Drawing vocabulary from textbooks and novels 

frequently read in grade-level classrooms and depending on teacher expertise for word selection 

and item vetting lay a foundation for the construct validity of the VASE Assessment. 

Nevertheless, validity must be empirically examined through comparison with other 

measures.  In this section, we compare performance on the VASE Assessment for a large sample 

of fourth- and fifth-grade students with their performance on other available measures.  These 

include the California Standards Tests (CSTs) for English Language Arts (ELA), Mathematics, 

and Science.  (The CST science test is taken only by fifth-grade students).  Each of those tests 

has multiple subscales (called "clusters" in the CST informational material).  The ELA clusters 

include (1) word analysis and vocabulary development, (2) reading comprehension, (3) literary 

response and analysis, (4) written conventions, (5) writing strategies, and (6) writing 

applications.  (Cluster 6 is taken only by fourth-grade students.)  Of those ELA clusters, the one 

that is most similar to the VASE Assessment is cluster 1, in that it focuses directly on 

vocabulary.  However, the CST approach to vocabulary is quite different from the VASE 

approach:  Cluster 1 items probe concepts such as word roots and thesaurus use as well as 

VASE-like definitions and synonyms.  (We do not describe Math and Science clusters, as those 

details are less directly relevant here; information about the CST tests is publically available 

from the California Department of Education.) 

We consider three forms of evidence about validity from these tests:  the raw 

correlations, exploratory factor analyses, and confirmatory factor analyses.  An examination of 

the correlations can give insight into patterns of variation among the scales and subscales.  For 

example, if we found that VASE scores were more highly correlated with the Math CSTs than 

with ELA scores, it would lead to questions about the validity of VASE (or of CST math).  

Exploratory factor analysis allows the data to inform us about what latent constructs might 

actually be responsible for performance on the various measures.  Confirmatory factor analysis 

lets the analyst specify factor structures, and it then assesses whether the data are consistent with 

the analyst's ideas about structure. 

 

Correlations 

Table 1 lists the correlations among overall VASE scores, VASE subscales, overall ELA 

scores, ELA cluster scores, overall Math scores, Math cluster scores, overall Science scores, and 

Science cluster scores.  One thing that is immediately apparent in the table is that the VASE 

subscales (in the upper left corner) are more highly intercorrelated than the cluster scores of any 

of the CST scales.  It is also evident that correlations between VASE scales and non-VASE 
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clusters are lower than correlations among different CST cluster scores.  For example, VASE 

scales tend to be correlated in the .35 range with Math clusters, whereas ELA cluster scores tend 

to be correlated around .55 with Math clusters.  This suggests that the CST tests may participate 

more in a general ability construct than do the VASE scores, or, to put that another way, that the 

VASE Assessment tends to measure a more specific construct.  Another interesting feature of the 

correlation matrix is that the ELA cluster 6 scale appears to be uncorrelated with everything else. 

 

Exploratory Factor Analyses 

Table 2 represents the ultimate results of an exploratory factor analysis that considers the 

overall VASE scale along with the ELA clusters.  The goal here was to assess whether VASE 

and the ELA clusters can represent a collective English knowledge construct, or whether VASE 

would fail to load with the ELA clusters.  To allow for the latter possibility, we attempted a two-

factor solution, but the estimation would not converge.  The reason became clear when we 

estimated a three-factor solution (for which Table 2 reports the rotated factor loadings).  In that 

solution, ELA cluster 4 (written conventions) and cluster 6 (writing applications) load on their 

own distinct factors, and VASE along with the other ELA clusters hang together in a more 

general language factor.  The model has excellent fit (RMSEA= 0.00, CFI=1.00, TLI=1.00).  

This analysis, then, provides evidence that VASE measures a construct that shares some features 

of the ELA scale (but is clearly distinct from writing). 

Next, we considered an exploratory factor analysis that included the ELA cluster scores 

and the VASE subscores.  A two-factor solution exhibited excellent fit (RMSEA = .048, CFI = 

.993, TLI = .988).  The loadings appear in the first two columns of Table 3.  The first factor 

clearly is defined by the VASE subscores, while the second factor is defined by the ELA cluster 

scores.  The VASE factor was correlated .57 with the ELA factor.  A natural interpretation is that 

VASE represents vocabulary knowledge, which is highly associated with the more general 

language knowledge measured by the ELA clusters.  The obvious fly in the ointment for that 

interpretation is that ELA cluster 1 (the vocabulary cluster) loads with the ELA factor, not with 

the VASE factor; however, we have already seen that ELA cluster 1 approaches vocabulary 

assessment very differently from VASE.  It is notable that ELA cluster 6 does not load on either 

factor.  That is not surprising, given that the correlations showed that cluster 6 is uncorrelated 

with everything.  We present the three-factor solution in the right panel of Table 3 to demonstrate 

that whatever cluster 6 represents, it is its own construct. 

Our final exploratory factor analysis included the VASE subscales and all cluster scores 

from ELA, Math, and Science CST tests.  Table 4 shows the factor loadings.  The three-factor 

solution had excellent fit (RMSEA = .035, CFI = .988, TLI = .984).  The first factor is clearly the 

VASE vocabulary construct.  The second factor is defined by ELA clusters and science clusters.  

The fact that ELA and science load together is consistent with the high correlations among all 

CST scores that we observed in Table 1.  The math cluster scores define their own factor.  It is 

worth noting that the first and second factors are correlated .43, indicating that there is 

commonality between the vocabulary construct and the ELA/science construct.  However, at .79, 

the correlation is higher between the ELA/science factor and the math factor.  This is consistent 

with the idea that the CST tests tap a general ability factor more directly than do the VASE tests.  

The right panel of Table 4 presents a four-factor solution, in which the four intended constructs 

of vocabulary, general language knowledge, math, and science clearly emerge.  Again, the fit is 

excellent (RMSEA = .026, CFI =.995, TLI =.992).  The results of the four-factor solution are 

certainly consistent with the proposition that VASE, ELA, Science, and Math measure the 
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distinct constructs that they intend to measure.  However, it is worth noting that the inter-factor 

correlations in the four-factor analysis are much higher among CST factors (in the .7 to .8 range) 

than between the VASE vocabulary factor and the ELA, Science, and Math factors (in the .4 to 

.5 range).  We see this, then, as evidence that VASE does measure something distinct 

(presumably, vocabulary knowledge), and that the CST tests may tap a general ability factor 

more heavily than is ideal. 

 

Confirmatory Factor Analyses 

We conducted two confirmatory factor analyses.  In the first, we confine our attention to 

language constructs; in the second, we bring in math and science as well.  Figure 1 represents the 

conceptual structure of the first model.  This sort of analysis is known as a bifactor model and 

conveys the idea that performance on VASE and ELA subscales is determined by a general 

language factor (labeled "General Language Knowledge" in the figure) and specific, distinct 

constructs tapped by VASE and ELA (labeled "Vase Test" and "ELA Test").  The model fit is 

excellent (RMSEA= .033, CFI = .997, TLI = .994).  Table 5 presents the factor loadings and R
2 

for each scale.  The pattern of higher loadings on the general factor for VASE as opposed to 

ELA clusters suggests that the general factor is somewhat vocabulary specific (although the high 

loadings may also represent higher reliability for the VASE scores).  The values in the R
2 

column 

represent the proportion of variability in subscale or cluster scores that is attributable to the 

proposed factor structure.  Notice that R
2 

is at or above .9 for most of the VASE scales, while it is 

near .7 for most of the ELA clusters.  This probably represents in part the high reliability of the 

VASE scores; however, it is also likely to indicate that VASE taps a specific vocabulary 

construct, while ELA taps more general ability.  (Note that this is consistent with the findings in 

the final exploratory factor analysis, which suggested that ELA and Science were not really 

distinct constructs in the CST tests.)  The correlation between the VASE and ELA factors is .26, 

indicating that there is some common ground in the unique constructs tapped by VASE and 

ELA. 

The second confirmatory factor analysis took a similar approach, but brought in the Math 

and Science clusters as well as VASE and ELA.  Figure 2 presents the conceptual model.  The 

expectation is that test performance on each of the four domains is determined partly by a 

general language factor and partly by a domain-specific factor.  (It is also possible that the 

general language factor actually represents a general ability factor, rather than being language 

specific.)  The model has excellent fit (RMSEA = .026, CFI = .993, TLI = .991).  We provide 

factor loadings and R
2 

for each scale in Table 6.  The table exhibits a similar pattern to the one in 

Table 5:  VASE again shows higher loadings on the general factor than do the cluster scores, and 

VASE again shows substantially higher R
2
 than any of the other scales.  Perhaps the most 

interesting aspect of this second confirmatory factor analysis lies in the correlations between 

specific factors, given in Table 7.  The first column shows that the VASE factor has relatively 

modest correlations with CST factors.  The remaining cells of the table show that the CST 

factors are highly intercorrelated.  This, once again, suggests that the CST tests are all measuring 

a common construct to a great degree; but the relatively low loadings on the common factor in 

the bifactor model (Table 6) implies that their correlations are not attributable to the common 

factor that is explicitly in the model.  The most parsimonious interpretation for this pattern is that 

VASE measures something distinct from the CSTs, and that the CSTs measure general ability as 

much as they do any particular sub-domain of ability.  Given that VASE Assessment consists 
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solely of material that directly taps depth of vocabulary, it is reasonable to conclude that the 

"something else" is vocabulary knowledge.   
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Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 

1. Vase Overall Scale  1                          

2. Vase Semantics .92 1                         

3. Vase Morphology .93 .89 1                        

4. Vase Context .92 .93 .89 1                       

5. Vase Definition .92 .94 .89 .94 1                      

6.  Vase Parts of Speech .87 .80 .81 .80 .80 1                     

7. ELA Overall Scale  .45 .51 .43 .51 .51 .41 1                    

8. ELA Cluster 1 .44 .46 .39 .46 .47 .37 .82 1                   

9. ELA Cluster 2 .44 .47 .39 .47 .48 .38 .84 .72 1                  

10. ELA Cluster 3 .40 .44 .36 .44 .44 .36 .78 .68 .68 1                 

11. ELA Cluster 4 .41 .44 .37 .44 .44 .38 .82 .70 .66 .63 1                

12. ELA Cluster 5 .43 .47 .39 .47 .47 .38 .85 .71 .71 .67 .72 1               

13. ELA Cluster 6 .14 .13 .12 .12 .13 .09 .10 .11 .09 -.02 .07 .06 1              

14. Math Overall Scale  .41 .43 .39 .44 .44 .42 .70 .59 .61 .58 .62 .62 .04 1             

15. Math Cluster 1 .36 .37 .33 .38 .38 .35 .62 .58 .56 .54 .58 .56 .05 .81 1            

16. Math Cluster 2 .33 .33 .30 .34 .34 .33 .60 .54 .54 .51 .58 .55 .04 .82 .74 1           

17. Math Cluster 3 .36 .36 .32 .36 .36 .35 .61 .58 .56 .54 .61 .57 .02 .80 .72 .74 1          

18. Math Cluster 4 .34 .36 .32 .36 .36 .34 .61 .53 .55 .52 .56 .55 .07 .84 .68 .69 .70 1         

19. Math Cluster 5 .29 .31 .36 .31 .30 .27 .48 .44 .46 .42 .48 .46 .09 .58 .50 .51 .54 .51 1        

20. Science Scale  .48 .52 .47 .53 .53 .46 .79 .72 .70 .68 .63 .68 - .73 .66 .64 .64 .67 .52 1       

21. Science Cluster1  .42 .44 .39 .45 .44 .37 .64 .60 .59 .59 .56 .60 - .58 .55 .54 .56 .54 .46 .76 1      

22. Science Cluster2 .36 .37 .33 .39 .38 .35 .58 .55 .52 .54 .50 .53 - .57 .53 .54 .56 .54 .47 .72 .58 1     

23. Science Cluster3 .44 .45 .40 .46 .46 .41 .69 .65 .64 .63 .59 .63 - .65 .61 .61 .62 .62 .51 .83 .66 .62 1    

24. Science Cluster4 .44 .46 .40 .47 .47 .41 .67 .63 .65 .61 .54 .59 - .60 .56 .54 .56 .56 .48 .79 .60 .58 .68 1   

25. Science Cluster5 .43 .46 .39 .46 .46 .39 .66 .63 .62 .58 .55 .59 - .57 .53 .53 .53 .53 .45 .78 .60 .52 .63 .61 1  

26. Science Cluster6 .43 .45 .40 .46 .45 .41 .67 .63 .61 .59 .56 .60 - .60 .54 .54 .55 .56 .47 .78 .58 .55 .64 .61 .61 1 

                           

                           

                           

 

Table 1: Correlations among VASE and CST Scales and Subscales.  N for VASE tests is 6803; for CST tests, N ranges 3045 to 6800 

depending on availability of scores.  (N = 3045 is for science clusters administered only to fifth grade students.) 
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  Rotated Factor Loadings 

Item Factor 1 Factor 2 Factor 3 

VASE Total 0.498 0.075 0.031 

ELA C1 0.750 0.025 0.113 

ELA C2 0.866 0.011 -0.017 

ELA C3 0.822 -0.066 -0.015 

ELA C4 0.005 0.004 0.962 

ELA C5 0.671 -0.018 0.199 

ELA C6 0.000 1.271 -0.002 

 

Table 2:  Rotated factor loadings for the three-factor exploratory factor analysis with VASE 

score and ELA cluster scores.  Yellow highlighting indicates high loadings for the factors. 

 

 

 

 
 

       
 Rotated Factor Loadings 

       
Item Factor 1 Factor 2  Factor 1 Factor 2 Factor 3 

Semantics 0.962 0.006  0.001 0.958 0.013 
Morphology 0.979 -0.093  0.001 0.975 -0.086 
Context 0.962 0.006  -0.001 0.958 0.013 
Definition 0.963 0.014  0.000 0.959 0.021 
Part of Speech 0.851 -0.032  -0.002 0.848 -0.026 
ELA C1 -0.006 0.853  0.004 -0.006 0.853 
ELA C2 0.017 0.829  0.003 0.017 0.829 
ELA C3 0.003 0.792  -0.007 0.004 0.792 
ELA C4 -0.011 0.824  0.000 -0.011 0.823 
ELA C5 0.003 0.846  -0.001 0.004 0.846 
ELA C6 0.132 0.006  10.513 0.000 0.000 

 

 

Table 3:  Two- and three-factor solutions for exploratory factor analyses with VASE subscale 

scores and ELA cluster scores.  Yellow highlighting indicates high loadings for the factors. 
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 Rotated Factor Loadings 

 Three Factor EFA Four Factor EFA 
Item Factor 1 Factor 2 Factor3 Factor 1 Factor 2 Factor 3 Factor4 

Semantics 0.878 0.179 -0.007 0.940 0.001 -0.037 0.079 
Morphology 0.899 0.007 0.079 0.963 0.000 0.061 -0.117 
Context 0.878 0.167 0.009 0.940 -0.007 -0.022 0.077 
Definition 0.878 0.192 -0.012 0.940 0.009 -0.042 0.085 
Part of Speech 0.786 -0.042 0.185 0.842 0.022 0.169 -0.174 
 
ELA C1 -0.002 0.870 -0.024 0.001 0.668 -0.004 0.214 
ELA C2 0.018 0.854 -0.027 0.023 0.611 -0.015 0.261 
ELA C3 0.008 0.796 -0.009 0.011 0.596 0.005 0.216 
ELA C4 0.006 0.691 0.140 0.002 0.761 0.161 -0.061 
ELA C5 0.017 0.831 -0.004 0.014 0.785 0.018 0.056 
ELA C6 0.118 0.050 -0.023 0.123 -0.089 -0.047 0.156 
 
Math C1 0.019 0.030 0.815 0.024 0.028 0.751 0.084 
Math C2 -0.004 -0.078 0.925 -0.002 0.028 0.863 -0.025 
Math C3 -0.003 0.019 0.849 0.000 0.057 0.788 0.045 
Math C4 0.020 0.038 0.774 0.024 -0.048 0.701 0.182 
Math C5 0.012 0.187 0.457 0.015 0.055 0.410 0.200 
 
Science C1 -0.007 0.673 0.105 0.013 0.144 0.077 0.583 
Science C2 -0.043 0.502 0.253 -0.022 -0.018 0.212 0.587 
Science C3 -0.025 0.648 0.208 -0.003 0.042 0.164 0.682 
Science C4 0.016 0.710 0.074 0.042 0.057 0.034 0.715 
Science C5 0.013 0.730 0.029 0.035 0.186 0.006 0.589 
Science C6 0.013 0.673 0.098 0.034 0.182 0.074 0.537 

 

 

Table 4:  Three- and four-factor solutions for exploratory factor analyses with VASE subscale 

scores and CST cluster scores.  Yellow highlighting indicates high loadings for the factor. 
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 Factor Loadings  

 
Variable 

General 
Factor 

VASE 
Factor 

ELA 
Factor 

 
R2 

Semantics 0.743 0.615  .931 
Morphology 0.493 0.856  .976 
Context 0.746 0.612  .932 
Definition 0.766 0.600  .948 
Parts of Speech 0.555 0.627  .701 
     
ELA C1 0.475  0.704 .721 
ELA C2 0.486  0.683 .703 
ELA C3 0.457  0.647 .628 
ELA C4 0.442  0.689 .670 
ELA C5 0.473  0.704 .719 
ELA C6 0.099  0.028 .011 

 
 

Table 5:  Bifactor model with VASE subscales and ELA cluster 

scores. Correlation between VASE factor and ELA factor = .26. 
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 Factor Loadings  

 
Variable 

General  
Factor 

VASE  
Factor 

ELA  
Factor 

Math  
Factor 

Science  
Factor 

 
R2 

Semantics 0.731 0.632    0.934 
Morphology 0.576 0.748    0.892 
Context 0.727 0.637    0.934 
Definition 0.747 0.624    0.947 
Part of Speech 0.495 0.699    0.734 
 
ELA C1 0.537 

 
0.663 

  
0.727 

ELA C2 0.552  0.637   0.71 
ELA C3 0.503  0.617   0.634 
ELA C4 0.461  0.687   0.685 
ELA C5 0.527  0.663   0.716 
ELA C6 0.146  -0.013   0.021 
 
Math C1 0.322 

  
0.784 

 
0.719 

Math C2 0.260   0.819  0.738 
Math C3 0.300   0.813  0.75 
Math C4 0.322   0.747  0.661 
Math C5 0.313   0.541  0.39 
 
Science C1 0.489 

   
0.603 0.604 

Science C2 0.381    0.624 0.534 
Science C3 0.493    0.684 0.711 
Science C4 0.552    0.581 0.642 
Science C5 0.549    0.549 0.603 
Science C6 0.511    0.584 0.602 

 

Table 6:  Bifactor model with VASE subscales and all CST cluster scores.
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VASE 

Factor 
ELA  

Factor 
Math 
Factor 

Science 
Factor 

VASE Factor 1    
ELA Factor .22 1   
Math Factor .29 .79 1  
Science Factor .17 .87 .84 1 

 
 

Table 7:  Correlations among specific factors in the VASE / ELA / 

Math / Science bifactor model. 
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Figure 1. Bifactor Model with VASE subscales and ELA cluster scores.  
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Figure 2. Bifactor Model with VASE subscales and ELA, Math, and Science cluster scores.  
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