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ABSTRACT 

 

 

The present study utilized a sample of 316 first grade students followed through fourth grade to 

evaluate the developmental dynamic relations between vocabulary and reading comprehension. 

Two expressive vocabulary measures and two passage comprehension measures were used to 

determine the leading and /or lagging relations between the two constructs. Using latent change 

score (LCS) modeling, three sets of models were fit to the repeated measurements of vocabulary 

knowledge and reading comprehension. In the first set of models, four competing univariate 

models were fit separately to the two constructs. For vocabulary, the model in which the 

changes-to-changes parameters were estimated was determined to be the best fitting model (Voc; 

χ2
 (35) 50.30, p < .045; RMSEA = 0.037), and the dual change model was determined to be the 

best fitting model for reading comprehension (χ2
 (36) = 254.56, p < .045; RMSEA = 0.037). In 

the second set of models, four competing bivariate models were fit jointly to the two constructs. 

It was determined the model with the coupling parameter (relating previous level of one variable 

to future changes in the other variable) estimating vocabulary to changes in reading 

comprehension, was the best fitting model (χ2
= 362.35 df = 25, p < .001, RMSEA = 0.077). 

Lastly, four extensions of the bivariate LCS model were fitted to the data, and the model in 

which only the vocabulary changes to reading comprehension changes parameter was estimated 

was the best fitting model (χ2
= 350.80, df = 123, p < .001, RMSEA = 0.077). These results 

describe a dynamic system in which yearly changes in comprehension were significantly 

determined by prior level of comprehension (β = -0.573) and by prior yearly changes in 

vocabulary (ξ = 0.434). Furthermore, there is a dynamic system such that yearly changes in 

vocabulary knowledge were significantly determined by previous level of vocabulary knowledge 

(β = -0.327). 



 
 

 

 

 

CHAPTER 1 

 

INTRODUCTION 

 

 

The 2011 Nation’s Report Card reported that one third of students in the fourth grade fail to 

achieve even “partial mastery of prerequisite knowledge and skills” required for basic levels of 

reading achievement (National Center for Education Statistics, NCES, 2011). According to the 

National Reading Panel (NRP), “comprehension is critically important to the development of 

children’s reading skills and therefore to the ability to obtain an education” (National Institute of 

Child Health and Human Development, 2000). Reading is a critical academic skill, one that is 

necessary for success in all academic domains. Children with low literacy skills are more likely 

to enter the juvenile justice system, will make less money in their lifetimes, and are more likely 

to receive public assistance. Approximately 43% of adults with the lowest level of literacy skills 

live in poverty, compared with only 4% of those with the highest level of literacy skills. 

Furthermore, 85% of adolescents who enter the juvenile justice system are below basic literacy 

levels (Kutner, Greenberg, Jin, Boyle, Hsu, & Dunleavy, 2007).   

Reading comprehension for both children and adults is supported by knowledge of 

words, including precision of orthographic, phonological, and semantic representations 

(Verhoeven & van Leeuwe, 2008). The lexical quality hypothesis (Perfetti & Hart, 2001) states 

the quality of lexical representations as well as the quantity of words available directly affect 

reading comprehension; other studies have found a strong connection between vocabulary size 

and reading comprehension ability (e.g. Beck & McKeown, 1991; Torgesen, Wagner, Rashotte, 

Burgess, & Hecht, 1997). It is possible there also exists a reciprocal relationship of vocabulary 

and reading comprehension in which the more one reads the more one can infer the meanings of 

words through contextual clues, and conversely: the better the text comprehension, the better the 

vocabulary growth (Wagner & Meros, 2010). 



 
 

According to Anderson and Freebody (1981), there are three hypotheses that can account 

for the relationship between vocabulary and comprehension. The first, and likely the strongest 

position, is the instrumentalist hypothesis. This hypothesis posits vocabulary is causally related 

to reading comprehension, such that directly teaching and influencing vocabulary will also 

increase comprehension abilities. The knowledge hypothesis posits vocabulary is not causally 

related to reading comprehension, and that increasing one would not necessarily increase the 

other. The hypothesis concludes vocabulary is related to reading comprehension only because 

both are part of conceptual knowledge. Finally, the aptitude hypothesis states that vocabulary 

and reading comprehension are related through a common aptitude or set of aptitudes. For 

example, people who score highly on IQ tests tend to have vast vocabulary knowledge and also 

do well on tests of reading comprehension, representing a non-causal relation between the two 

variables. 

In the following sections, alternative possible relations between vocabulary and reading 

comprehension are examined. In Section 1.1, the direct effects of vocabulary on reading 

comprehension are explored. Thereafter, the indirect, reciprocal, and non-causal relations of 

vocabulary and reading comprehension will be considered in Sections 1.2, 1.3, and 1.4 

respectively. Furthermore, the question of what longitudinal research has to say about the 

influences of these variables over time will be discussed in Section 1.5. In closing, a study to 

explore the longitudinal relations of vocabulary and reading comprehension will be proposed in 

Section 1.6. 

1.1     Direct Effects of Vocabulary on Reading Comprehension 

Literacy is highly dependent on the ability to comprehend a text, and one of the best known 

predictors of comprehension is vocabulary (e.g., Cain & Oakhill, 2011; McKeown, Beck, 

Omanson, & Perfetti, 1983; Singer, 1965; Thurstone, 1946). Davis (1948) found in a factor 

analysis of reading comprehension that a substantial proportion of the variance (.80) was 

accounted for by vocabulary knowledge, and subsequent analyses (e.g., Davis 1968) have found 

loadings of vocabulary varying from .41 to .93. Furthermore, a few studies have shown that 

improving breadth of vocabulary knowledge can increase reading comprehension abilities (e.g. 

Draper & Moeller, 1971; McKeown, et al, 1983; Ouellette, 2006).  

Knowledge of word meanings is essential to understanding the meaning of a text. 

Therefore, any gains in vocabulary knowledge through reading practice may enhance reading 



 
 

comprehension performance (Cain & Oakhill, 2011).  Differences in the breadth and depth of 

vocabulary knowledge can have an effect on reading comprehension through affecting the ability 

to recognize words in a given text (Beck & McKeown, 1991). A theoretical explanation for this 

relation is there is a causal relation with vocabulary influencing comprehension of text.  

There are a few examples that support a direct influence of vocabulary on reading 

comprehension. For instance, Aarnouste and Van Leeuwe (1988) examined the relative effects of 

decoding efficiency, vocabulary and spatial intelligence on reading comprehension by using 

scores for these variables in grades 3 and 6. Vocabulary measured in grades 3 and 6 appeared to 

be the most important predictor of reading comprehension measured in grade 6 (though it is 

necessary to note this study did not control for the autoregressive nature of the variables, and as 

such, this longitudinal prediction is merely correlational). The National Reading Panel (NRP) 

carried out a review of published experimental and quasi-experimental studies of the effects of 

vocabulary instruction and found that although gains on standardized measures of reading 

comprehension as a consequence of reading instruction were found for only two studies, the 

panel supported vocabulary instruction as a means for improving comprehension skills (NICHD, 

2000).  

Stahl and Fairbanks (1986) emphasized the importance of vocabulary having a causal 

role in comprehension in their meta-analysis of a number of studies of vocabulary. They reported 

a large effect size for vocabulary intervention (0.97) for comprehension outcomes sensitive to 

interventions, and a modest yet statistically significant effect size (0.30) for standardized tests of 

reading comprehension. Larger effect sizes were associated with activities requiring more depth 

of processing, pairing contextual and definitional information, and the type and number of word 

exposures (Stahl & Fairbanks, 1986).  

Elleman, Lindo, Morphy, and Compton (2009) conducted a meta-analysis of 37 studies 

reporting effects of vocabulary instruction on passage-level comprehension. The results of the 

meta-analysis addressed two questions of interest to the present discussion.  The first question 

addressed the extent of the effects of vocabulary instruction on vocabulary outcomes. If the 

effects of vocabulary instruction on vocabulary outcomes were negligible, there would be little 

reason to expect the effects to generalize to reading comprehension outcomes. For standardized 

vocabulary tests, the effect sizes for vocabulary instruction (interpreted as standard deviation 

changes in this study) ranged from -0.24 to 0.46, with an average weighted effect size of 0.29. 



 
 

For custom vocabulary measures developed by the researchers, the effect sizes ranged from -0.11 

to 2.28, with an average weighted effect size of 0.79. Both average effect sizes were significantly 

different from zero. The second question of interest was whether vocabulary instruction affected 

passage-level reading comprehension. The results mirrored those for vocabulary outcomes 

mentioned above, although the effects were small. For standardized measures of passage-reading 

comprehension, the effect sizes ranged from -0.26 to 0.43, with an average weighted effect size 

of 0.10 (ns). For custom measures of reading comprehension created by the researchers, the 

effect sizes ranged from -0.06 to 1.46, with an average weighted effect size of .50. This average 

weighted effect size was significantly different than zero (Elleman, Lindo, Morphy, and 

Compton, 2009). 

In short, these studies suggest there are small direct effects of vocabulary on reading 

comprehension. The modest size of these effects is suggested by the fact that the effects are 

observed reliably for researcher-developed measures, but not for standardized measures of 

reading comprehension, which presumably are less sensitive to small effects.  

1.2     Indirect Effects of Vocabulary on Reading Comprehension 

Vocabulary could influence reading comprehension indirectly through mediators such as 

phonological awareness and decoding (Lonigan, 2007). Phonological awareness refers to the 

ability to recognize and use the sound structure of oral language (Stanovich, 1992; Wagner & 

Torgesen, 1987). Children with sophisticated phonological skills learn to read more easily than 

do children with weak phonological kills, even when IQ, socioeconomic status, and receptive 

vocabulary are all controlled as possible confounding variables (Lonigan, 2007; Wagner, 

Torgesen, & Rashotte, 1994). 

 Phonological processing is related to vocabulary knowledge at both the preschool and 

primary school levels (Lonigan, 2007; Lonigan, Burgess, & Anthony, 2000; Wagner, Torgesen, 

Laughon, Simmons, & Rashotte, 1993). By comparing achievement on phonological processing 

tasks involving word stimuli with performance involving pseudo-word stimuli, one can see 

further evidence for this link between phonological processing and vocabulary knowledge. The 

Comprehensive Test of Phonological Processing (Wagner, Torgesen, & Rashotte, 1999) can be 

used to compare the performance on both word and pseudo-word versions of a blending task and 

a segmentation task. This comparison shows that it is more difficult to process pseudo-word 

items than it is to process word items. This makes it clear that “given the evidence of relations 



 
 

between (a) vocabulary and phonological processing tasks, (b) phonological processing and 

decoding, and (c) decoding and reading comprehension, there is a plausible indirect influence of 

vocabulary on reading comprehension through the mediating route of phonological processing 

and decoding” (Wagner and Meros, 2010, p. 5). 

1.3     Reciprocal Influences of Reading Comprehension on 

Vocabulary 

Reading comprehension could directly influence vocabulary because a substantial amount of 

vocabulary knowledge is acquired from reading print as opposed to listening to speech (Wagner 

& Meros, 2010). There is evidence that reading comprehension and crucial comprehension-

related skills such as inference may facilitate the development of vocabulary knowledge, 

resulting in reciprocal relations between comprehension and vocabulary (Stanovich, 1986). 

Inference from context is significantly correlated with the ability to understand text and is also 

considered a means of vocabulary learning and extension (Cain, 2007; Daneman, 1988; Nagy & 

Scott, 2000).  

 Cain and Oakhill (2011) examined the effects of reading comprehension and reading 

experience on vocabulary development and found that reading experience and reading 

comprehension predicted later performance on a measure of receptive vocabulary, in addition to 

effects found for sight-word vocabulary. Children with poor reading comprehension have poorer 

inference making skills than their peers and are also poorer at inferring the meaning of novel 

words from supportive contexts. These children may fail to develop their vocabulary knowledge 

at the same rate as better comprehending peers because they lack the means to learn new words 

through independent reading. Thus, increased vocabulary growth might be the result of good 

comprehension skills as well as a contributor to reading comprehension ability (Cain & Oakhill, 

2011; Nation, Snowling, & Clarke, 2007). 

1.4     Non-Causal Relations Between Vocabulary and Reading 

Comprehension: A Third Variable? 

As mentioned above, Anderson and Freebody (1981) specified the instrumental hypothesis at a 

causal model for the relation between vocabulary and reading comprehension, but the other two 

hypotheses represent non-casual relations between vocabulary and reading comprehension as a 

result from relations with a third variable. 



 
 

Based on the second hypothesis, the knowledge hypothesis, teaching vocabulary would 

not necessarily increase comprehension abilities, as vocabulary is related to reading 

comprehension only because both are part of conceptual knowledge. And as mentioned before, 

the aptitude hypothesis states that vocabulary and reading comprehension are related through a 

common aptitude or set of aptitudes. For example, people who score highly on IQ tests tend to 

have vast vocabulary knowledge and also do well on tests of reading comprehension. 

Nagy (2007) proposed metalinguistic awareness as a third variable that explains relations 

between vocabulary and reading comprehension Metalinguistic awareness is the ability to 

manipulate the structure of oral language (Tunmer, Herriman, & Nesdale, 1988). Nagy argues 

that metalinguistic awareness plays a causal role in the development of vocabulary knowledge, 

as well as in the development of reading comprehension, representing a mediating and common 

factor between the two. Metalinguistic awareness is related to vocabulary knowledge because 

morphological awareness-- the knowledge about word roots, prefixes, and suffixes-- is a form of 

metalinguistic awareness central to vocabulary development (Carlisle, 2007). Metalinguistic 

awareness is related to reading comprehension because metalinguistic awareness itself can be 

conceptualized as a form of metacognition.  Metacognition in the form of comprehension 

monitoring is important for successful reading comprehension.  

1.5      Longitudinal Studies of Vocabulary and Reading 

Comprehension 

The literature covering the longitudinal relations between vocabulary knowledge and reading 

comprehension is sparse. Muter, Hulme, Snowling, and Stevenson (2004) followed children over 

a period of two years after entering elementary school. By the end of 2
nd

 grade, children’s 

reading comprehension abilities could be predicted by their word identification skills, vocabulary 

skills, and linguistic skills at age 6. Oakhill, Cain, and Bryant (2003) conducted a longitudinal 

study on the effects of verbal IQ, vocabulary, inference skills, and monitoring abilities on 

reading comprehension and found all of these component skills to be predictive of reading 

comprehension in grades three, four, and six. 

 One issue for the two studies just mentioned is that the autoregressive effect of the 

developmental processes was not properly controlled; that is, the effect of previous state was not 

controlled as a predictor of a future state. Two exceptions to this are a study by de Jong and van 



 
 

der Leij (2002) and a study by Verhoeven and van Leeuwe (2008). In the former study, it was 

shown that decoding, vocabulary, and listening comprehension skills at grade three were 

predictive of reading comprehension at grade five after controlling for reading comprehension at 

grade three (de Jong & van der Leij, 2002). In the latter study, a significant and strong influence 

of vocabulary on reading comprehension across grade levels was found, but only a weak 

reciprocal relation, the influence of reading comprehension on vocabulary skills, was found 

(Verhoeven & van Leeuwe, 2008). 

 Controlling for autoregressive effects of developmental processes while also creating a 

developmental model of the relations of growth in reading comprehension and vocabulary 

represents something that has yet to be done in this area. The proposed study for this thesis will 

employ the methods of modern longitudinal dynamic structural equation models (DSEMs; e.g., 

Ferrer & McArdle, 2010; McArdle, 2009). These models are proposed as a means to analyze the 

bivariate relations between vocabulary and reading comprehension. They are practical because 

they combine latent growth models with autoregressive time series models: examination of 

“coupling” effects allow for causal inferences to be made between Variable 1 in Time 1 leading 

to Time1-to-Time2 changes in Variable 2, as well as Variable 2 in Time 1 leading to Time1-to-

Time2 changes in Variable 1. 

1.6     The Present Study 

Latent change score (LCS) models constitute a general modeling approach that can 

accommodate multiple specifications for change in one or multiple variables. They can be used 

to examine hypotheses involving the co-development of two or more domains of skill and 

knowledge. By utilizing LCS models, the aim of this study was to model changes in vocabulary 

growth and changes in reading comprehension growth over time.  LCS modeling was chosen 

because the models combine the assessment of change (growth in this case) and dynamics among 

multiple processes (vocabulary and reading comprehension). Furthermore, the models capture 

dynamic features that other models (i.e. cross-lagged regression or hierarchical linear models) do 

not capture (Ferrer & McArdle, 2010). 



 
 

 

 

 

CHAPTER 2 

  

METHODS 

 

 

2.1     Participants 

The participants in this study come from a larger project entitled the Florida Longitudinal Study, 

in which students in the greater Tallahassee, FL area were followed over a four-year period to 

examine the developmental factors that lead to reading and writing outcomes in later elementary 

school. Schools in the greater Tallahassee, FL area were contacted to find participants for a 

research study on the development of reading and writing skills. Permission forms were sent 

home with students in first grade classrooms of the 6 schools that complied. A total of 316 first 

grade children began with the study in 2007.  

Approximately 31% of the students were no longer in the study by the fourth year due to 

either moving out of area or no longer wanting to continue with testing, resulting in a total of 

219 for the last year of testing (2010-2011). The sample demographics were 60% White, 25% 

Black, 4% Hispanic, 4% Asian, and 7% other. The sample was 51% male. Participants were 

about 7 years old at the initial date of testing and approximately 10 years old at the final date of 

testing. No data are available on the general SES level of the sample. 

2.2     Measures 

The following measures were individually administered by trained research assistants at the 

school the child was attending at the end of the school year beginning in year 2007-2008 and 

ending with year 2010-2011.  

2.2.1     Stanford-Binet Intelligence Scales V: Vocabulary Subtest 

For the present study, the Vocabulary Subtest of the Stanford-Binet Intelligence Scales (SB) 

was utilized as a measure of expressive vocabulary. The assessment starts at a child’s basal level 



 
 

(age) and either goes up or down depending on how the child scores. After 3 incorrect answers 

within four consecutive questions, the test ends. The raw score is the total words attempted 

minus the total words incorrectly specified. It is then norm referenced for a standard score.  

For the Full Scale IQ (FSIQ), Nonverbal IQ (NVIQ), and Verbal IQ (VIQ), reliabilities 

range from .95 to .98 (average internal consistency composite reliability, across all age groups). 

Reliabilities for the Factor Indexes range from .90 to .92. Concurrent and criterion validity data 

were obtained using the SB-IV, SB-LM, WJ III, WAIS-III, WIAT-II, and WISC-III, among 

others.  

2.2.2     Wechsler Abbreviated Scales of Intelligence: Vocabulary Subtest 

The Wechsler Abbreviated Scales of Intelligence (WASI) vocabulary subtest is an individually 

administered test that involves both oral and visual presentation of words. There are 42 items in 

the test: items 1-4 require the examinee to name individually presented pictures, while items 5-

42 require the examinee to orally define both orally and visually presented words. The 

participant’s age determines which item is the first item to be scored. The basal is met when two 

consecutive items are scored as “2.” The scores given are 0, 1, and 2. A score of 0 represents an 

incorrect definition, a score of 1 represents a slightly correct but not well-defined answer, and a 

score of 2 represents an item that is answered fluently. Testing stops when the ceiling is met, or 

when five consecutive scores of 0 occur.  

Reliability coefficient averages 0.91 for children; concurrent validity was established 

with other measures of intelligence (WAIS, WISC). 

2.2.3     Woodcock Reading Mastery Test – Revised/Normative Update: 

Passage comprehension 

The Woodcock Reading Mastery Test (WRMT) features a short passage comprehension test 

that measures the ability to read a short passage (usually 2 to 3 sentences long) and identify the 

key word missing from the passage. The passage comprehension subtest is part of the Reading 

Comprehension Cluster of the WRMT.  

Internal consistency reliability is 0.91, split-half reliability averages 0.97 (range .86 – 

.99). The WRMT has been shown to be highly correlated with the Woodcock-Johnson Psycho-

Educational Battery (WJ), Wide Range Achievement Test (WRAT), and the Peabody Individual 

Achievement Test (PIAT). 



 
 

2.2.4     Woodcock-Johnson III Tests of Achievement: Passage 

Comprehension  

The Woodcock-Johnson III passage comprehension subtest  (WJPC) assesses the participant’s 

language comprehension and reading skills. The easiest questions ask the individual to match a 

“rebus” (pictographic representation of a word) with a more detailed drawing of the object. The 

next items ask the participant to point to the picture represented by a word or phrase. The 

remaining questions require the person to read a short passage and identify a missing key word 

that makes sense in the context of that passage. The basal starting point is determined by the 

examinee’s age.  

Median reliability statistics estimated at 0.88; the reading comprehension ability cluster 

is shown to be highly correlated with the Wechsler Individual Achievement Test (WIAT; .70-

.79) and the Kaufman Test of Educational Achievement (KTEA; .62-.81). 

2.3     Models 

2.3.1     Univariate Latent Change Score Modeling  

In this section, common univariate latent change score (LCS) models are described. Assuming 

we have repeatedly measured a variable C (reading comprehension), for a sample of n=1 to N 

participants over t = 1 to T occasions, classical test theory posits each observed score at time t 

for person n, C[t]n and, can be decomposed into a theoretical true score, c[t]n, and a time-

specific score, sc[t]n, such as  

 

                [1] 

 

True scores are allowed to covary over time, but the time-specific scores are not, and are often 

held to a constant variance over time (var( ).  

In LCS models, the latent change scores are not the difference between the observed 

scores, but are rather specified by a constant association between sequential true scores. 

Therefore, the true scores have fixed unit autoregressive relations such that the true score at 

time t is equal to the true score at time t – 1 plus the true change, 

 

                                                           [2] 



 
 

 

Or, they can be written in terms of the change scores: 

 

                                                          [3] 

 

The trajectory equations are different from typical latent growth models. Instead of 

focusing on the latent true scores, the emphasis is on the latent change scores. Therefore, the 

trajectory for the true scores is comprised of an initial level plus the summation of true latent 

changes, such as 

 

                                                         [4] 

 

where  is the initial true level for subject n. Therefore, the true score of C is equal to the 

initial true level of the variable plus the sum of the subject’s changes occurring up to that point 

in time, r = t. 

In univariate cases of latent change score models, there are three commonly specified 

equations for the latent change scores. The first is a constant change model, , 

where  is a fixed parameter (commonly specified as 1) and  is the constant change 

component for subject n, which can be described by a mean (μs) and variance ( ). The second 

is a proportional change model, , where  is a parameter estimated to 

not vary across subjects, and the change in the variable is proportional to the previous state of 

that variable. Lastly, the dual change model is specified as , 

where subsequent changes have a constant component and are also due to the previous state. In 

the dual change model, change is modeled as a function of both constant change and 

proportional change parameters.  The proportional change parameter  is often constrained to 

be time invariant due to regardless of when the observation occurs, so that the dynamics of the 

system are constant (Grimm, An, McArdle, Zonderman, & Resnick, 2012).  

Figure 2.1 is a path diagram of the univariate dual change score model, specifically for 

the comprehension variable of this study, with four observed repeated measurements coded C[1] 

to C[4]. These observed scores are a combination of latent true scores (c[1] to c[4]) and unique 

scores [sC[1] to sC[4]) following equation 1 from above adopted from the Grimm, et al. (2012) 



 
 

study. Each true score after the first one is comprised of the previous true score and the latent 

change score, as specified in equation 2. The latent change scores have two inputs, the prior true 

score with a weight of , and the constant change component with a weight of  as specified by 

the dual change score equation. The latent variables denoted with the asterisk are standardized 

versions of the initial true score and constant change component, allowing for the correlation 

between the two (rather than the covariance). 

 

 

Figure 2.1: Path diagram of univariate dual change score model  

for comprehension (C) with t number of occasions of measurement 

 

2.3.2     Bivariate Latent Change Score Modeling 

The bivariate version of latent change score models specifies the change process for the second 

variable (V) to be identical as specified in Equation 1 and Equation 4. Furthermore, the latent 

changes are specified to have three sources of influence, as specified in the following equations:  

 

  



 
 

                                                                                          [5] 

. 

 

In this bivariate dual change score model, the latent changes have three sources: constant change 

components ( , ) for v and c, the proportional change parameters ( , ) describing how 

each variable influences itself over time, and the coupling parameters ( , ) describing how 

each variable influences each other over time. The coupling parameters and  are used to 

denote the effect of one variable on the consequent changes in the other variable and are helpful 

in determining a leading and/or lagging dynamic relation. Figure 2.2 contains a path diagram for 

this model using the change equations from Equation 5 for four repeated measurement 

occasions. In Figure 2.2 the change scores for V and C have three predictors following equation 

5 and the initial true scores and constant change components are allowed to covary across 

processes. 

 

Figure 2.2: Path diagram of a bivariate dual change score model with  

t number of occasions of measurement for C and V variables 

 



 
 

2.3.3     Changes-to-Changes Modeling 

As a further specification of these models, it is possible to examine how previous changes relate 

to future changes. Through this model, it is possible to predict if recent changes for example, in 

reading comprehension precede changes in future reading comprehension (and vice versa). 

Therefore, in the univariate case, the change equation for C can be written as  

 

                                          [6] 

 

where , , and  are as previously specified,  is the latent change score 

from t – 2 to t – 1, and  is the coefficient explaining the effects of previous change on future 

change. This equation can be expanded to the bivariate case, such as the one in this study, to 

attempt to understand two change processes and their dynamics together. These can be written: 

 

  

     

 

[7] 

 

where  and  describe changes from time t – 1 to time t are determined by the changes from 

time t – 2 to t – 1 within each process and  and  describe how changes from time t – 1 to 

time t are determined by changes from time t – 2 to time t – 1 across processes. In this case of 

this study, it is possible to evaluate how recent changes in one variable, i.e. vocabulary, precede 

changes in future reading comprehension. Figure 2.3 contains a path diagram of this model.   

 



 
 

 

Figure 2.3: Path diagram of a bivariate dual change model with changes-to-changes parameters 

estimated for t number of occasions of measurement for C and V variables 

 

This extension of the bivariate model allows for the estimation of a much more 

complicated dynamic system, where previous, recent changes may also influence future 

changes. It is possible to determine if previous levels and previous changes are leading 

indicators of future changes within and across the two variables. 

As in latent growth curve modeling, the growth factors ( , , , ) have means, 

variances, and are allowed to covary. The time-specific variables ( , ) have a mean of 

0, a single variance, and are allowed to covary within time, but not across time. This model can 

study bivariate developmental relations, including (1) correlation among intercepts, (2) 

correlation among the slopes, (3) correlation between intercept for V and the slope for C, (4) 

correlation between the intercept for C and the slope for V, (5) the correlation between the time-

specific residuals, (6) whether vocabulary is a leading indicator of the changes in 

comprehension and vice versa by determining whether the coupling parameters ( , ) are 



 
 

significant and/or improve the fit of the model, and (7) whether changes in vocabulary are a 

leading indicator of changes in reading comprehension and vice versa by determining whether 

the change-on-change parameters (  and ) are significant and/or improve the fit of the 

model. A leading indicator can be considered a developmental antecedent as it provides a 

prediction of the expected change in the lagging variable. Therefore the research questions that 

were addressed using the LCS framework were: (1) Is the level of vocabulary related to the 

level of comprehension? (2) Is the amount of change in vocabulary related to the amount of 

change in comprehension? (3) Is the level of vocabulary related to the amount of change in 

comprehension? (4) Is the level of comprehension related to the amount of change in 

vocabulary? (5) After accounting for intra-individual change in vocabulary and comprehension, 

is comprehension related to vocabulary? (6) What are the leading/lagging relations between 

vocabulary and reading comprehension? and (7) What are the leading/lagging relations between 

changes in vocabulary and changes in reading comprehension? 

 This model carries all the benefits of latent growth curves for dealing with repeated 

measures and has an important benefit over bivariate growth models from dealing with multiple 

processes over time: the model directly examines time-dependent change as the latent changes 

are the outcomes of interest and can be predicted by previous scores.  

2.4     Data Issues 

Prior to conducting the analyses, the data were screened for any issues (e.g., outliers and 

missing data) using PASW 21.0.  Regarding potential outliers, any scores more than two and a 

half standard deviations above or below the mean score were identified as an extreme outlier. In 

the event of an outlier, and after verifying it was not due to data input error, the extreme score 

was changed to the next highest score that falls within two and a half standard deviations to 

reduce its influence on the data analysis. Missing data was handled using full-information 

maximum likelihood (FIML) estimation in Mplus 6.12. 

2.5     Analytic Techniques 

2.5.1 Modeling  

Univariate and bivariate dual change score models as well as change-on-change extensions were 

fit to the repeated measures of vocabulary and reading comprehension using Mplus.  



 
 

2.5.1.1 Univariate LCS modeling. Four univariate LCS models were fit to the repeated 

measures of vocabulary and reading comprehension separately. The models were (a) a 

proportional change model, where yearly changes are proportional to the level at the previous 

year, (b) a constant change model, where a constant amount of change occurs each year, (c) a 

dual change model, where yearly changes have a constant influence and are proportional to the 

level at the previous year, and (d) a changes-to-changes model where yearly changes have a 

constant influence, are proportional to the level at the previous year, and are proportional to the 

changes in the previous year. 

2.5.1.2 Bivariate LCS modeling. Next, bivariate models were fit in two series. The first 

included four traditional dual change score models. In the first model (1a) the coupling 

parameters (examination of effects over time between constructs [γcv and γvc]) were fixed to 

zero. The next model (2a) had unidirectional coupling in which only the coupling parameter 

from vocabulary to changes in reading comprehension (γcv) was estimated and the other pathway 

was fixed to zero. The third model (3a) had unidirectional coupling where the coupling 

parameter from reading comprehension to changes in vocabulary (γvc) was estimated. Lastly, a 

bi-directional coupling model (4a) was fit in which both coupling parameters were estimated.  

2.5.1.3 Changes-to-Changes modeling. In the second series of the bivariate models, the 

four models mimicked those specified in 1a through 4a, and only differed in terms of their 

cross-construct relations. The first model (1b) included all of the parameters of the bidirectional 

coupling model (4a) and added within-construct changes-to-changes parameters (  and ) – 

only  and  were held at zero. Thus, changes in reading comprehension were determined by 

the constant change component, previous level of reading comprehension, previous vocabulary 

level, and previous changes in comprehension. Similarly, changes in vocabulary knowledge 

were determined by the constant change component, previous vocabulary knowledge, previous 

level of reading comprehension, and previous changes in vocabulary knowledge. In models 2b 

and 3b, one cross-construct changes-to-changes parameter was estimated. Model 2b included 

changes in reading comprehension as a leading indicator of changes in vocabulary knowledge, 

whereas model 3b included changes in vocabulary knowledge as a leading indicator of changes 

in reading comprehension knowledge. Finally, model 4b included the estimation of both cross-

construct changes-to-changes parameters (as specified by Equation 7). 

 



 
 

2.5.2     Z-scores 

The scaling of the latent change score is an important consideration before fitting the LCS 

models to the data. Without scaling the scores over time, the resulting change scores are not 

interpretable. In order to appropriately estimate the scores, the observed measures were 

converted to z-scores at the first time point. Scaling occurred by taking the mean and variance 

for each raw score variable at the first year, and applying that distribution to the next three raw 

scores to create scaled z-scores for these three times points, making them sensitive to change. 

Because the raw scores were converted to a z-score, the results of the LCS reflect standardized 

unit change.



 
 

 

 

 

CHAPTER 3 

 

RESULTS 

 

 

3.1     Descriptive Statistics 

Table 3.1 contains the sample sizes, means, standard deviations, and correlations of these raw 

measures from grades 1 through 4. There is a clear pattern increasing performance with 

increasing grade. For the WJPC and the WRMT data, there is evidence for increased 

performance along with decreasing variance. The SB shows relatively stable variance across the 

four time points, and the WASI shows increasing variability coupled with increasing 

performance. 

 

Table 3.1: Observed and corrected means and standard deviations by grade and measure  

 

 

Variable N Mean FIML SD FIML Min Max 

WRMT - Grade 1 316 21.06 21.06 8.52 8.50 1 38 

WRMT - Grade 2 270 29.95 29.61 6.13 6.15 8 47 

WRMT - Grade 3 260 35.28 35.08 5.97 5.93 16 51 

WRMT - Grade 4 219 38.40 38.08 6.00 6.20 16 52 

WJPC - Grade 1 315 18.01 18.02 5.13 5.12 5 31 

WJPC - Grade 2 271 24.45 24.22 4.67 4.67 12 35 

WJPC - Grade 3 260 27.96 27.80 4.25 4.21 14 37 

WJPC - Grade 4 219 30.00 29.80 4.09 4.17 15 55 

SB - Grade 1 315 18.93 18.93 2.49 2.49 9 25 

SB - Grade 2 266 20.95 20.86 2.74 2.71 13 27 

 



 
 

Table 3.1 – continued 

 

Variable N Mean FIML SD FIML Min Max 

SB - Grade 3 260 22.96 22.89 2.78 2.74 15 30 

SB - Grade 4 219 24.38 24.30 2.73 2.74 14 32 

WASI - Grade 1 314 23.99 24.03 5.94 5.94 5 37 

WASI - Grade 2 268 28.45 28.30 5.98 5.96 7 44 

WASI - Grade 3 260 33.27 33.08 6.45 6.31 17 55 

WASI - Grade 4 219 37.23 36.99 6.67 6.75 17 58 

*Note. WJPC = Woodcock-Johnson Passage Comprehension, WRMT = Woodcock 

Reading Mastery Test, SB = Stanford-Binet Vocabulary, WASI = Wechsler Abbreviated 

Scales of Intelligence Vocabulary, Bold-faced font denotes corrected means and standard 

deviations, regular font face denotes observed means and standard deviations. 

 

Table 3.1 contains both the observed means and standard deviations (not accounting for 

missing data) and the corrected means and standard deviations estimated using Full-Information 

Maximum Likelihood (FIML) estimation (in bold face font). These estimates remain relatively 

unchanged regardless of whether they were estimated using the available data or estimated 

through FIML estimation. 

Table 3.2 includes the observed correlations and corrected correlations for each measure 

at each time point. There are moderate to relatively high correlations between the four measures 

at each time point. After correcting for missing data using FIML estimation, the correlations 

remained relatively unchanged and were estimated at moderate to relatively high levels (range 

0.454 – 0.872 for FIML estimates, 0.459 – 0.872 for the observed correlations). 

In Table 3.1 and 3.2, bold-faced type is used to denote “incomplete data” estimates of 

the sample means, standard deviations, and correlations among the four variables at the four 

measured time points. These estimates are based on Full Information Maximum Likelihood 

estimation (FIML; e.g. McArdle, 1994), an estimation method that allows for the examination of 

sample descriptive statistics as if all members of the sample were present at all measurement 

occasions. These new estimates in bold are only slightly different than the pair-wise estimates, 

indicating these data meet minimum requirements for “missing at random” (MAR; Little, 1995).  



 
 

Table 3.2: Correlation matrix for each measure of vocabulary and reading comprehension at all 

time points 

 

 
1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 

1. WJPC - G1 1.00 

2. WJPC - G2 .758 1.00 

 .758 

3. WJPC - G3 .698 .793 1.00 

 .696 .799 

4. WJPC - G4 .554 .639 .627 1.00 

 .570 .662 .658 

5. WRMT -G1 .872 .763 .747 .565 1.00 

 .872 .768 .741 .571 

6. WRMT - G2 .735 .810 .777 .640 .758 1.00 

 .737 .812 .781 .663 .764 

7. WRMT - G3 .702 .759 .791 .677 .734 .781 1.00 

 .698 .766 .788 .698 .729 .787 

8. WRMT - G4 .651 .760 .750 .715 .663 .780 .783 1.00 

 .665 .775 .772 .730 .665 .794 .796 

9. SB - G1 .484 .504 .558 .459 .509 .518 .509 .505 1.00 

 .482 .510 .545 .479 .509 .524 .492 .532 

10. SB - G2 .485 .575 .582 .485 .461 .556 .578 .562 .546 1.00 

 .477 .567 .558 .492 .454 .546 .553 .580 .544 

11. SB - G3 .494 .543 .584 .528 .487 .534 .533 .520 .474 .566 1.00 

 .473 .521 .567 .530 .462 .512 .512 .527 .473 .550 

12. SB - G4 .501 .523 .560 .575 .480 .519 .555 .617 .513 .569 .660 1.00 

 .498 .555 .572 .587 .468 .544 .548 .632 .524 .573 .656 

13. WASI - G1 .512 .568 .576 .529 .526 .555 .559 .565 .675 .601 .570 .612 1.00 

 .514 .556 .547 .523 .527 .550 .526 .557 .677 .593 .558 .603 

14. WASI - G2 .524 .610 .666 .472 .514 .608 .646 .605 .545 .6.8 .610 .626 .656 1.00 

 .517 .607 .642 .482 .512 .602 .618 .611 .552 .635 .599 .637 .653 

15. WASI - G3 .560 .608 .616 .615 .556 .580 .647 .680 .509 .583 .674 .655 .629 .732 1.00 

 .539 .590 .600 .603 .531 .555 .629 .668 .507 .567 .664 .650 .612 .720 

16. WASI - G4 .542 .582 .624 .566 .528 .589 .636 .669 .488 .624 .612 .710 .610 .675 .714 1.0 

 .541 .604 .624 .580 .518 .605 .611 .684 .507 .619 .609 .716 .603 .674 .706 
 

*Note. WJPC = Woodcock-Johnson Passage Comprehension, WRMT = Woodcock Reading Mastery Test, SB = Stanford-Binet Vocabulary, 

WASI = Wechsler Abbreviated Scales of Intelligence Vocabulary, G1 = Grade 1; G2 = Grade 2; G3 = Grade 3; G4 = Grade 4; Bold-faced font 

denotes corrected correlations, regular font face denotes observed correlations. 

 

3.2     Univariate LCS Modeling 

Four latent change score models were fit to the repeated measurements of vocabulary and 

reading comprehension separately using both measures of the constructs. The fit statistics for 



 
 

the repeated measurements of vocabulary are presented in Table 3.3 and the fit indices for the 

repeated measurements of reading comprehension are presented in Table 3.4.  

 

Table 3.3: Fit statistics for univariate latent change score models fit to measures of vocabulary 

 

Index 
Proportional 

Change Model 

Constant 

Change Model 

Dual Change 

Model 

Changes-to-

Changes Model 
a
 

-2LL 5715.7 4981.64 4976.48 4971.54 

Parameters 5 7 8 9 

χ2
 797.46 60.39 55.23 50.30 

df 39 37 36 35 

AIC 5725.7 4995.63 4992.47 4989.54 

BIC 5744.48 5021.92 5022.52 5023.35 

ABIC 5728.62 4999.72 4997.14 4994.8 

RMSEA 0.248 0.045 0.041 0.037 

     Note. –2LL = –2 log-likelihood; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; ABIC = sample size adjusted Bayesian Information Criterion; RMSEA 

= Root Mean Squared Error of Approximation; df = degrees of freedom 

      
a 
Selected model.  

 

Table 3.4: Fit statistics for univariate latent change score models fit to measures of reading 

comprehension 

 

Index 
Proportional 

Change Model 

Constant 

Change Model 

Dual Change 

Model 
a
 

Changes-to-

Changes Model  

-2LL 5238.49 3776.07 3390.65 3390.61 

Parameters 5 7 8 9 

χ2
 2102.40 639.98 254.56 254.16 

df 39 37 36 35 

 



 
 

Table 3.4 – Continued 

 

Index 
Proportional 

Change Model 

Constant 

Change Model 

Dual Change 

Model
 a
 

Changes-to-

Changes Model  

AIC 5248.49 3790.07 3406.65 3408.61 

BIC 5267.27 3816.36 3436.69 3442.41 

ABIC 5251.41 3794.15 3411.32 3413.86 

RMSEA 0.409 0.227 0.139 0.141 

     Note. –2LL = –2 log-likelihood; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; ABIC = sample size adjusted Bayesian Information Criterion; 

RMSEA = Root Mean Squared Error of Approximation; df = degrees of freedom. 

      
a 
Selected model.  

 

The proportional change model for vocabulary did not fit the data well (χ2
= 797.46, df = 

39, p < .001). Next, the constant change model was fit to the repeated measures of vocabulary, 

and the fit improved drastically over the proportional change model (Δ χ2
= 737.07, Δ df = 2, p < 

.001). Next, the dual change model was tested for fit, and this model was also better fitting than 

both the proportional change model (Δ χ2
= 742.23, Δ df = 3, p < .001) and the constant change 

model (Δ χ2
= 5.16, Δ df = 1, p < .05). Finally, the changes-to-changes model was fit to the data, 

and was found to be the best fitting model over the proportional change model (Δ χ2
= 747.16, Δ 

df = 4, p < .001), the constant change model (Δ χ2
= 10.09, Δ df = 2, p < .05), and the dual 

change model (Δ χ2
= 4.93, Δ df = 1, p < .05). 

The model fit comparisons showed that the changes-to-changes model best captured the 

longitudinal changes in vocabulary (χ2
 (35) 50.30, p < .045; RMSEA = 0.037). Thus, the 

changes that occurred in vocabulary had a constant influence, were dependent on the previous 

level of vocabulary, and were dependent on how vocabulary previously changed. Parameter 

estimates along with standard errors for the changes-to-changes model of vocabulary are 

contained in Table 3.5. The parameter estimates are based on the z scoring of the measures, and 

as such, the results are presented in standardized units. Based on the changes-to-changes model, 

yearly changes in vocabulary had three sources of influence – the constant change component, 



 
 

which had a significant mean (μ1 = 0.748), the proportional change parameter (β), which was 

significant and estimated to be -0.277, and the non-significant changes to changes parameter (φ 

= 0.364). Thus, average yearly increases in vocabulary knowledge were slowing over time (due 

to the negative proportional change parameter) and changes in vocabulary were not affected by 

recent changes in vocabulary (non-significant changes-to-changes parameter).  There was 

significant variation in both the level of performance at year 1 (σ0
2
 = 0.638) and yearly changes 

(σ1
2
 = 0.081). Finally, subjects with a higher level of performance at year 1 tended to show 

greater yearly increases, as seen with the positive covariance between initial level and the 

constant change component (σ0,1  = 0.173). 

The proportional change model for reading comprehension did not fit the data well (χ2
= 

2102.4, df = 39, p < .001). Once constant change was added to the model, the fit of the model 

was significantly better (Δ χ2
= 1462.42, Δ df = 2, p < .001). Next, the dual change model was 

tested for fit, and this model was also better fitting than both the proportional change model (Δ 

χ2
= 1847.84, Δ df = 3, p < .001) and the constant change model (Δ χ2

= 385.42, Δ df = 1, p < 

.001). Finally, the changes-to-changes model was fit to the data, and was found to be a better 

fitting model over the proportional change model (Δ χ2
= 1847.44, Δ df = 4, p < .001) and the 

constant change model However, it was not a better fitting model over the dual change model (Δ 

χ2
= 0.4, Δ df = 1, p > .05). 

The model fit comparisons showed that the dual change model best captured the 

longitudinal changes in reading comprehension (χ2
 (36) = 254.56, p < .045; RMSEA = 0.037). 

The changes that occurred in reading comprehension have a constant influence and were 

dependent on the previous level of reading comprehension. Based on the dual change model, 

yearly changes in reading comprehension had two predictors – the constant change component, 

which had a significant mean (μ1 = 1.094) and the proportional change parameter (β), which was 

significant and estimated to be -0.415. Thus, average yearly increases in reading comprehension 

were influenced negatively by the recent changes in reading comprehension (performance 

slowed), and increased by a constant of 1.094.  There was significant variation in both the level 

of performance at year 1 (σ0
2
 = 0.832) and yearly changes (σ1

2
 = 0.069). Finally, subjects with a 

higher level of performance at year 1 tended to show greater yearly increases, as seen with the 

positive covariance between initial level and the constant change component (σ0,1  = 0.151). 

 



 
 

 

Table 3.5: Parameter estimates for chosen univariate latent change score models fit to 

measures of vocabulary and reading comprehension 

 

 

Vocabulary Reading Comprehension 

Changes-to-Changes Model Dual Change Model 

  Parameter Estimate SE Parameter Estimate SE 

Fixed Effects 

     μ0  -0.001 0.051 -0.005 0.054 

    μ1 0.748 0.037 1.094 0.023 

     β -0.277 0.109 -0.415 0.016 

     φ   .364
t
 0.19 --- --- 

     σ0
2
 0.638 0.063 0.832 0.071 

     σ1
2
  0.081 0.037 0.069 0.009 

     σ0,1  0.173 0.072 0.151 0.021 

Note. 
t
 = non-significant parameter 

 

3.3 Bivariate LCS Modeling 

The four bivariate LCS models were fit to the repeated measurements of vocabulary and reading 

comprehension. In the first model (1a), the coupling parameters (γ) were fixed to zero so the 

changes in reading comprehension and vocabulary were not time-dependent. In the second 

model (1b), the coupling parameter from reading comprehension to changes in vocabulary was 

estimated to test whether reading comprehension is a leading indicator of vocabulary. The other 

pathway from vocabulary to changes in reading comprehension was fixed to zero. In the third 

model (1c), the coupling parameter from vocabulary to changes in reading comprehension was 

estimated to test whether vocabulary is a leading indicator of reading comprehension, while the 

pathway from reading comprehension to changes in vocabulary was fixed to zero. The final 

model (1d) was the model where bidirectional coupling was estimated. The sequence of 

alternative models was necessary to interpret the replicability of the coupling across the 

vocabulary and comprehension variables.  



 
 

Fit statistics for the four bivariate models are contained in Table 3.6. Based on the 

likelihood fit statistics, Model 3a (χ2
= 362.35 df = 25, p < .001, RMSEA = 0.077) was 

considered the best model to represent the dynamics between vocabulary and reading 

comprehension. This model fit significantly better than the no coupling model (Δ χ2
= 10.53, Δ 

df = 2, p < .05). Since the model fit indices cannot be directly compared between models 2a and 

3a, the Akaike Information Criteria can be compared, and the lower value represents the better 

fitting model. In this case, the lower AIC belonged to Model 3a (ΔAIC = 7.08). When compared 

to the fourth model, 4a, fit was not improved (Δ χ2
= 2.01, Δ df = 1, p > .05). 

 

Table 3.6: Fit statistics for the traditional bivariate latent change score models fit to 

measures of vocabulary and reading comprehension 

 

 

Traditional Bivariate Latent Change Score Models 

Index 
1a              

No coupling 

2a              

RC --> ΔVoc 

3a
 a
             

Voc --> ΔRC
 
 

4a              

Bidirectional  

Coupling 
 

-2LL 8074.7 8071.3 8064.2 8062.2 

Parameters 24 25 25 26 

χ2
 372.86 369.44 362.35 360.34 

df 128 127 127 126 

AIC 8122.75 8121.33 8114.25 8114.24 

BIC 8212.89 8215.22 8208.14 8211.89 

ABIC 8136.77 8135.93 8128.85 8129.42 

RMSEA 0.078 0.078 0.077 0.077 

     Note. –2LL = –2 log-likelihood; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; ABIC = sample size adjusted Bayesian Information Criterion; 

RMSEA = Root Mean Squared Error of Approximation; df = degrees of freedom.  
a 

Selected model.  

 



 
 

Parameter estimates along with standard errors for Model 3a are contained in Table 3.8. 

Focusing on the dynamic parameters (β & γ) as these parameters the dynamic interplay between 

vocabulary and reading comprehension, changes in reading comprehension are positively 

impacted by the prior level of vocabulary knowledge, and there is no impact of reading 

comprehension on subsequent changes in vocabulary knowledge. The proportional change 

parameter for vocabulary knowledge was negative and significant (β = -0.082), indicating a 

deceleration in growth with increasing initial level (regression to the mean effect). The opposite 

 

Table 3.7: Parameter estimates for Model 3a: Vocabulary to changes in reading 

comprehension model 

 

Model 3a: Vocabulary  Changes in Reading Comprehension 

Vocabulary Reading Comprehension 

  Parameter Estimate SE Parameter Estimate SE 

Fixed Effects 

     μ0  -0.012
t
 0.051 -0.004

t 
0.054 

     μ1  0.799 0.031 1.099 0.022 

     β -0.082 0.035 0.411 0.052 

     γ   --- --- 0.207 0.059 

Random Effects 

     Univariate 

          σ0
2
 0.632 0.063 0.859 0.074 

          σ1
2
  0.042 0.010 0.066 0.009 

          σ0,1  0.050
t
 0.033 0.157 0.021 

     Bivariate Estimate SE 

          σ0,0 0.491 0.056 

          σ0,1 0.097 0.023 

          σ1,0 0.068 0.025 

          σ1,1 0.023 0.007 

Note. 
t
 = non-significant parameter 



 
 

 

was found for the reading comprehension proportional change parameter (β = 0.411), indicating 

acceleration in growth of reading comprehension, such that children starting out with higher 

levels of reading comprehension tended to change more positively, evidence of a Matthew 

Effect (Stanovich, 1986), where “the rich get richer and the poor get poorer.” Based on Model 

3a, yearly changes in reading comprehension skills increased at a higher pace if the individual 

had higher vocabulary scores the previous year. The coupling parameter from reading 

comprehension to changes in vocabulary was estimated to be zero in the model, indicating 

reading comprehension was not a leading indicator of vocabulary knowledge growth. However, 

the coupling parameter from vocabulary to changes in reading comprehension was significant 

and positive, (γvc = 0.207), indicating that children who had higher previous level of vocabulary 

tended to change more positively in reading comprehension. On the basis of previous work in 

this field, this is theoretically sound and is in line with the Instrumentalist Hypothesis posited by 

Anderson and Freebody (1981).

 The change equations for this final model were estimated as 

 

  

and 

 

where  represents vocabulary performance,  represents changes in vocabulary 

performance,  represents reading comprehension performance, and  represents 

changes in reading comprehension performance. Parameters shown in bold-faced type were 

estimated to be significantly different from zero (ps < .05). The change equations describe a 

dynamic system where changes in vocabulary were significantly determined by previous levels 

of vocabulary (β = -0.082). This negative proportional change parameter shows a slowing in 

growth with respect to higher levels of initial vocabulary performance, or a regression to the 

mean effect. Furthermore, changes in reading comprehension were significantly determined by 

previous levels of comprehension (β = 0.411). This positive proportional change parameter 

shows an increase in growth with respect to higher levels of initial reading comprehension 

performance, or evidence of fan-spread growth, or another Matthew Effect (Stanovich, 1986). 



 
 

Figures 3.1 and 3.2 present these change equations visually using a random sample of subject 

data (n = 60). 

 

 

Figure 3.1: Estimated growth trajectories for vocabulary knowledge based on Model 3a 

 

 

Figure 3.2: Estimated growth trajectories for reading comprehension based on Model 3a. 

 

3.4 Changes-to-Changes Modeling 

Lastly, four extensions on the bivariate dual change score model above were fit to the data. The 

first model (1b) included all of the parameters of the bidirectional coupling model (4a) and 

added within-construct changes-to-changes parameters (  and ) – only  and , the 

cross-construct changes-to-changes parameters, were constrained to be zero. In models 2b and 



 
 

3b, one cross-construct changes-to-changes parameter was estimated. Model 2b included 

changes in reading comprehension as a leading indicator of changes in vocabulary knowledge, 

whereas model 3b included changes in vocabulary knowledge as a leading indicator of changes 

in reading comprehension knowledge. Finally, model 4b included the estimation of both cross-

construct changes-to-changes parameters. 

Fit indices for these four models are included in Table 3.9. In this series of models, the 

model with the vocabulary changes to reading comprehension changes parameter estimated, 

model 3b, was the best fitting model. Based on the likelihood fit statistics, model 3b (χ2
= 

350.80, df = 123, p < .001) fit significantly better than the bidirectional coupling model 4a (Δ 

χ2
= 9.54, Δ df = 2, p < .05) and fit better than model 1b (Δ χ2

= 5.80, Δ df = 1, p < .05). Model 2b 

and 3b cannot be directly compared using the log-likelihood ratio test since these models are 

non-nested, but given the difference in AIC (ΔAIC =5.7), model 3b is the better fitting model. 

Model 4b was not significantly different from 3b (Δ χ2
= 0.96, Δ df = 1, p > .05) and was thus 

rejected as a better fitting model. Model 3b therefore represented the best fitting model to 

explain the dynamic relations between vocabulary and reading comprehension. Specifically, this 

model supported the notion of changes in vocabulary predicting future changes in reading 

comprehension, but not the reverse relation.  

 

Table 3.8: Fit statistics for extensions of the traditional bivariate latent change score models fit 

to measures of vocabulary and reading comprehension 

  

Extensions of Bivariate Latent Change Score Models 

Index 

1b 

No changes-to-

changes 

coupling 

2b 

ΔRC -->  

ΔVoc 

3b 
a 

ΔVoc -->  

ΔRC 

4b 

Full  

Model
 

-2LL 8058.5 8058.4 8052.7 8051.7 

Parameters 28 29 29 30 

χ2
 356.60 356.53 350.80 349.84 

df 124 123 123 122 

AIC 8114.5 8116.4 8110.7 8111.7 



 
 

Table 3.8 – Continued 

 

Index 

1b 

No changes-to-

changes 

coupling 

2b 

ΔRC -->  

ΔVoc 

3b 
a 

ΔVoc -->  

ΔRC 

4b 

Full  

Model
 

BIC 8219.7 8225.3 8219.7 8224.4 

ABIC 8130.9 8133.4 8127.7 8129.3 

RMSEA 0.077 0.078 0.077 0.077 

     Note. –2LL = –2 log-likelihood; AIC = Akaike Information Criterion; BIC = Bayesian 

Information Criterion; ABIC = sample size adjusted Bayesian Information Criterion; 

RMSEA = Root Mean Squared Error of Approximation, df = degrees of freedom.  
a 

Selected model.  

 

 Parameters estimates along with standard errors from model 3b are included in table 3.9. 

The change equations for the final model were estimated as 

 

 

 

and 

 

                              

 

where  represents vocabulary knowledge as measured by the SB and WASI,  

represents changes in vocabulary performance,  represents reading comprehension as 

measured by WJPC and WRMT, and  representing changes in comprehension. 

Parameters in bold-faced type are significantly different than zero (p < .05). The change 

equations above describe a dynamic system in which yearly changes in comprehension were 

significantly determined by prior level of reading comprehension (β = -0.573) and by prior 

yearly changes in vocabulary knowledge (ξ = 0.434). Furthermore, there is a dynamic system 

such that yearly changes in vocabulary knowledge were significantly determined by previous 



 
 

level of vocabulary knowledge (β = -0.327). Negative values of β for both changes in 

vocabulary and changes in reading comprehension indicate there is a deceleration in growth 

with increasing scores (regression to the mean effect).  

 

Table 3.9: Parameter estimates for Model 3b: Changes in vocabulary to changes in reading 

comprehension model 

 

Model 3b: Changes in Vocabulary to Changes in Reading Comprehension 

Vocabulary Reading Comprehension 

  
Parameter Estimate SE Parameter Estimate SE 

Fixed Effects 

     μ0  0.000
t
 0.051 0.000

t 
0.055 

     μ1  0.746 0.037 1.078 0.027 

     β -0.327 0.129 -0.573 0.066 

     γ   0.067
t
 0.096 0.011

t
 0.106 

     φ 0.328
t
 0.191  -0.127

t
 0.090 

     ξ 0.434 0.186  ---- ---- 

Random Effects 

     Univariate 

          σ0
2
 0.637 0.063 0.867 0.053 

          σ1
2
  0.156t 0.141 0.136 0.053 

          σ0,1  0.274
t
 0.152 0.221 0.044 

     Bivariate 

          σ0,0 0.492 0.057 

          σ0,1 0.244 0.077 

          σ1,0 0.152 0.036 

          σ1,1 0.107
t
 0.084 

Note. 
t
 = non-significant parameter; ---- indicates the parameter was not estimated in the 

model. 



 
 

      

Figures 3.3 and 3.4 graphically represent the estimated growth trajectories for both 

vocabulary knowledge and reading comprehension based on the preferred LCS extension 

model, Model 3b. In Figure 3.3, there is evidence of a distinct regression to the mean effect due 

to the negative and large proportional change parameter for the vocabulary (β = -0.327). A 

negative proportional change parameter shows a regression to the mean effect when it is 

significant and negative; those who start out lower grow more over time.  

 Figure 3.4 shows an interesting growth pattern such that those who start out lowest grew 

the fastest, and those starting out highest did not grow at all or began to instead decline over 

time. This result is due to the negative proportional change parameter (β = -0.573) combined 

with the positive changes to change parameter (ξ = 0.434). 

 

Figure 3.3: Estimated growth trajectories for vocabulary knowledge based on Model 3b 

 



 
 

 

Figure 3.4: Estimated growth trajectories for reading comprehension based on Model 3b 

 

These plots show how variations in the initial level of the skill, either vocabulary 

knowledge or reading comprehension, can affect the trajectories. Furthermore, the latter plot 

demonstrates how differences in the magnitude of changes in vocabulary can have an effect on 

the expected trajectories of reading comprehension. 

  



 
 

 

 

 

CHAPTER 4 

 

DISCUSSION 

 

 

4.1     Dynamics of Vocabulary and Reading Comprehension  

Univariate, bivariate, and extensions of bivariate models were fit to the longitudinal data to 

analyze the univariate and bivariate relations of vocabulary and reading comprehension over 

time. This was done in three steps. In the first step, four univariate models were fit to 

vocabulary and reading comprehension separately. Results for the vocabulary univariate models 

indicated that an extended dual change model where within-construct changes-to-changes 

parameters were estimated was the best fitting model. This model showed future changes in 

vocabulary were significantly affected by the constant change parameter of vocabulary and the 

proportional change of vocabulary (the autoregressive effect where previous vocabulary level is 

predictive of future vocabulary level) as well as the recent changes that occurred in vocabulary. 

For reading comprehension the dual change model was supported as the best fitting univariate 

model. In this model, reading comprehension was significantly affected by the constant change 

parameter and the proportional change of vocabulary, but not influenced by recent changes in 

reading comprehension. The model fit indices for all of the models were much higher than those 

of the vocabulary univariate models. The best fitting model for vocabulary (the changes-to-

changes model; χ2
 (35) 50.30, p < .045; RMSEA = 0.037) fit the data much better than the best 

fitting model for reading comprehension (the dual change model; χ2
 (36) = 254.56, p < .045; 

RMSEA = 0.037). The difference for this model fit is a puzzling finding. Both of the measures 

of vocabulary used in the study are measures of expressive vocabulary, such that participants 

were given a word and told to give their best definition. However, one measure of reading 

comprehension required identifying a missing word from a short passage, and the other measure 

included picture recognition as well as missing word identification. It could be these measures 



 
 

are tapping in to two separate reading comprehension constructs – one that focuses primarily on 

context clues and inference and another that focuses on both context clues and inference skills 

as well as picture vocabulary (by matching a given definition to a picture). Finding two 

measures of passage comprehension that more closely measure the construct of interest would 

be beneficial for future applications of this model. 

Next, eight separate bivariate models were fit to the data to determine how vocabulary 

and reading comprehension dynamically interact over first through fourth grades. Model 3a, the 

vocabulary predicting changes in reading comprehension model, and model 3b, the changes in 

vocabulary to changes in reading comprehension model, each produced two change equations 

and subsequent estimated trajectories plots. Figure 3.1 shows a very mild regression-to-the-

mean effect for vocabulary, such that the sample starts with a lot of variability in the first time 

point and all “regress to the mean” and reduce variability by grade 4. Figure 3.3 also shows this 

regression-to-the-mean effect, but the effects are exacerbated by the higher proportional change 

parameter for model 3b (β = -0.327). In opposite fashion, Figure 3.2 shows a fan-spread growth 

trajectory, or evidence for a Matthew Effect (Stanovich, 1986). Figure 3.4, however, shows 

evidence of another regression-to-the-mean effect, with those starting higher changing less (or 

even negatively) and those starting lower changing more. Model parameters for Model 3a 

produced a trajectories plot opposite of the Matthew Effect found for Model 3b; this is due to 

Model 3b including a changes-to-changes parameter estimate (ξ = 0.434) and having a non-

significant coupling parameter. These contradictory findings are the result of utilizing differing 

statistical techniques with different fundamental models of change. The findings of this study 

imply that underlying theory of change and development should determine the methodological 

technique to apply.  

The results revealed a particular dynamic relationship where changes in vocabulary 

knowledge preceded, or were a leading indicator of, changes in reading comprehension, and 

previous level of vocabulary knowledge was a leading indicator of changes in reading 

comprehension. This relation makes sense given evidence of the more words you know, and the 

more words you learn, the more you will understand the texts you read. Longitudinal studies of 

the relations between reading comprehension and vocabulary found results similar to those in 

this study. For instance, evidence for vocabulary interventions having an effect on later reading 

comprehension change is supported by various studies (e.g. Elleman, et al., 2009; NICHD, 



 
 

2000; Stahl & Fairbanks, 1986). Interestingly, the converse relationship, where changes in 

reading comprehension would precede changes in vocabulary, was not found to be significant. 

Though previous research has produced evidence of reading comprehension development being 

predictive of later increases in performance on measures of receptive vocabulary (e.g. Cain & 

Oakhill, 2011), there was no such evidence for any such effect in this study, as all coupling 

parameters from reading comprehension or changes in reading comprehension to changes in 

vocabulary were not significantly different from zero. 

 

4.2     Traditional and Extended Latent Change Score Modeling 

Latent change score modeling represents a relatively new and underutilized statistical technique 

for examining dynamic relations in one or more variables over time. It has been applied to 

various areas of research including cognitive (e.g., Ferrer & McArdle, 2003), behavioral (e.g., 

Kim & Deater-Deckard, 2011), and neurological (e.g., Grimm, et al, 2011) outcomes. Though 

other models that examine change relations exist, such as cross-lagged regression models, latent 

trajectory models, and latent differential models, latent change score modeling is unique in that 

it is flexible enough to model multivariate time-sequential changes and model mean changes 

and dynamic relations. 

 A main focus of using LCS models is to identify dynamics among constructs, or how 

two or more variables are recursively related over time. One selling point of these models is that 

dynamic hypotheses – such as the current level of one variable predicting future change in 

another – are not easily tested in more standard methods. Multivariate growth curves could only 

tell you that the changes are related, but not which is leading and which is lagging. Cross-lagged 

models, on the other hand, could tell you the effects of the variables over time, but without 

capturing the model of growth and decline (Ferrer & McArdle, 2003; McArdle, 2001).  

 LCS models have some important assumptions. Firstly, longitudinal data with at least 

three time points are needed to properly estimate change scores and coupling parameters across 

variables. Next, there is an automatic assumption that the time points specified in the model are 

identical, though they do not have to be of any particular length of time. Since the models utilize 

structural equation modeling, all of the assumptions that subsume typical models run using SEM 

programs are relevant. In relation to the current project, there were four time points and the date 



 
 

of measurement was relatively similar across participants. Thus, these two assumptions were 

met. 

4.3     Limitations and Future Directions 

This study was not without limitations, the first of which deals directly with the model itself. It 

is difficult to disentangle possible mediating third variable relations from the dynamic 

relationship found using the models in this study. It is possible, as previous research has shown, 

that there is a third, unknown variable accounting for the relationship between vocabulary and 

reading comprehension. One future direction for analyzing this possible fault is to covary out 

other common variables – for example, phonological processing, decoding, or working memory 

– to test this relation in the absence of these outside influences. 

 Furthermore, the school environment in which students were taught to read might 

influence how the causal relation between vocabulary and reading comprehension was obtained 

and observed.  There could be many confounding factors, included teacher characteristics, 

classroom characteristics, extra-curricular involvement, in-home differences (e.g. amounts of 

books, amount parents spend on reading with children), etc. Therefore, one of the limitations of 

this study was the inability to control for the environments inside and outside the classrooms 

and the contexts in which the students were taught to read. 

 The measures used in this study were ones available and coded in the Florida 

Longitudinal Study. The two measures of vocabulary, the Stanford-Binet and WASI, were 

subtests of a larger battery of tasks designed to measure intelligence. As such, these measures 

tap in to expressive vocabulary abilities. Using another measure of vocabulary, especially a 

measure of receptive vocabulary, could yield different results for the study. Furthermore, these 

two measures have varying floor and ceiling levels depending on where a child’s ability level is 

located in the spectrum. These two measures are not on the same scale, nor are they on the same 

scale as the two measures of reading comprehension, the WJPC and the WRMT. In fact, none of 

the four measures are on the same scale. Converting all of the scores to z-scores and accounting 

for the developmental scaling of the model provided much better model fit than if the raw scores 

were used. It would be convenient if measure-appropriate scores, such as W scores, were 

available for use in such models as complex as these. Furthermore, the two measures of reading 

comprehension, as mentioned earlier in this discussion, may be tapping in to two different 



 
 

constructs, as one measure has receptive vocabulary aspects (matching pictures to descriptions) 

as well as a measure that possible taps in to inference-related skills.  

 Replicating the results of this study represents an important future direction for 

methodological and pedagogical reasons. If it is found that vocabulary continues to be a strong 

predictor of reading comprehension for other samples of children in this age range, it could 

guide an intervention study to investigate newer curriculums that could facilitate ease of 

learning in the domain of reading comprehension through increasing vocabulary knowledge. 

However, if it is found that there are indeed reciprocal relations between vocabulary and reading 

comprehension in other samples, curriculum could be changed to better focus on both constructs 

mutually. Since these two variables are not mutually exclusive, it would be wise to create a 

curriculum that addresses the two simultaneously to foster growth in these two variables. 

 Furthermore, it is possible that different groups of students (low income/high income; 

different racial mixes; males/females, etc.) are modeled in unique ways. A multi-group analysis 

to examine possible group differences would be both interesting and beneficial for pedagogical 

reasons. Finding differences in starting levels between groups, if this is the case, could help 

facilitate underachieving children in these areas and could help to potentially close the ever-

existing achievement gap. Moreover, multivariate LCS models could further explain the 

relations between vocabulary and reading comprehension by simultaneously considering other 

possibly mediating factors (e.g., phonological awareness, decoding, working memory).
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From: Thomas L. Jacobson, Chair 

Re: Re-approval of Use of Human subjects in Research 

The Florida Longitudinal Study 

 

Your request to continue the research project listed above involving human subjects has been 

approved by the Human Subjects Committee. If your project has not been completed by 

8/8/2012, you are must request renewed approval by the Committee. 

 

If you submitted a proposed consent form with your renewal request, the approved stamped 

consent form is attached to this re-approval notice. Only the stamped version of the consent form 

may be used in recruiting of research subjects. You are reminded that any change in protocol for 

this project must be reviewed and approved by the Committee prior to implementation of the 

proposed change in the protocol. A protocol change/amendment form is required to be submitted 

for approval by the Committee. In addition, federal regulations require that the Principal 

Investigator promptly report in writing, any unanticipated problems or adverse events involving 

risks to research subjects or others. 



 
 

 

By copy of this memorandum, the Chair of your department and/or your major professor are 
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human subjects in their department. They are advised to review the protocols as often as 

necessary to insure that the project is being conducted in compliance with our institution and 

with DHHS regulations. 
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