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ABSTRACT OF THE DISSERTATION 

 

 

Examining the Structure of English and Spanish Working Memory  

in English Language Learners 

 

by 

 

Milagros Fatima Kudo 

 

Doctor of Philosophy, Graduate Program in Education 

University of California, Riverside, June 2015 

Dr. H. Lee Swanson, Chairperson 

 

 

 

Since working memory (WM) has important implications in academics, this study 

investigates the construct of Baddeley’s model of WM in English language learners 

(ELLs).  This secondary analysis of data was taken from two Institute of Educational 

Science Grants (#R324A090092 & #R324A090002), which included samples of 

cognitive and academic performance of ELL and non-ELL students in central and 

southern California schools.  Specifically, this study asked: (1) Does the theoretical 

framework of Baddeleys’ multicomponent model of working memory (WM) in English 

and Spanish fit the data for children who are English language learners (ELLs)?, (2) Are 

there differences in English working memory structures between ELL and non-ELL 

groups?, and (3) Does the structure of WM for ELL children remain stable over time in 

English and Spanish measures?  To examine whether the construct of WM memory 

varies between ELL and non-ELL children and between English and Spanish measure of 

WM over time, various structural equation models were conducted.  This study yielded 

three important findings: (1) the theoretical framework for WM in English and Spanish 
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fit the data for children who are ELLs, (2) working memory structures measured in 

English are comparable in ELL and non-ELL groups, and (3) the structure of WM for 

ELL children does not remain stable over time in English and Spanish measures.  Taken 

together, this research finds that Baddeley’s model of WM is an adequate 

conceptualization for ELLs and that the construct of WM can be measured within both 

English and Spanish language systems.  In addition, there was evidence for the 

measurement invariance across ELL and non-ELL groups.  These finding suggest that the 

construct of WM is being measured consistently across the two language systems and 

that results from subsequent studies can be generalized to ELLs whose primary language 

is Spanish.   
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CHAPTER 1 

 

LITERATURE REVIEW 

 

 

 

Introduction 

Working memory (WM) plays an essential role in education (Daneman and 

Carpenter, 1980).  It is a cognitive system that allows for the temporary storage of 

information so that it can be mentally manipulated over short periods of time.  Working 

memory is a processing resource of limited capacity (e.g., Baddeley & Logie, 1999), 

meaning that there is a limit to how much information WM processes can hold.  

  Working memory is an important factor in classroom learning.  In general, 

children with higher levels of WM proficiency tend to do well in reading, mathematics, 

and other subjects, while students doing poorly in these subjects or who have learning 

disabilities also tend to do poorly in WM tasks (Alloway, 2011); this may be because 

many learning activities impose considerable burdens on the WM system.  For example, 

children with poor working memory often struggle with lengthy or complicated 

directions and may have difficulty retaining important information provided by a teacher 

(Alloway, Gathercole, Kirkwood, & Elliot, 2009).  As a result, children may struggle to 

engage in learning activities when they lose information that is crucial for the completion 

of a learning task (Gathercole & Alloway, 2008).  Whether children are engaging in 

activities related to reading, mathematics, or science, WM is a skill that is an inextricable 

part of learning (Swanson & Alloway, 2012). 
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 Despite knowing the importance of WM to learning, little research has included 

bilingual children, English language learners, or dual language learners.  This is 

surprising considering the number of ELLs in the U.S. is increasing.  In fact, between 

1980 and 2009 the number of school-age children (5-17 year olds) who spoke a second 

language at home rose from 4.7 to 11.2 million; in other words, it rose from 10% to 21% 

for the population in this age range (U.S. Department of Education, National Center for 

Education Statistics, 2012).  The research also indicates that school achievement tends to 

be lower for ELLs who speak Spanish as their first language than other minority groups 

(McCardle, Keller-Allen, & Shuy, 2008).  Given this information, learning about 

cognitive processes, such as WM, in children exposed to more than one language is 

essential, especially given its impact on academics.  

Theoretical Framework of Working Memory 

In 1974, Baddeley and Hitch proposed a tripartite model of WM.  This model has 

three main components: the central executive system, the phonological loop (short-term 

memory), and the visual-spatial sketchpad.   

The central executive system is considered to be primarily responsible for 

coordinating activity within the cognitive system; it is responsible for focusing attention 

to relevant information, for suppressing irrelevant information, and for coordinating 

cognitive processes when more than one task has to be done at the same time (Baddeley 

& Hitch, 1974).  In other words, the central executive decides what working memory 

pays attention to.  It is the most versatile, complex, and important component of the 

working memory model (Baddeley, 2012; Gathercole, 1998).  It is distinct from the other 
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components as it does not store information, rather it is more like a system of attentional 

control.  The central executive system of WM has two “slave” systems: the phonological 

loop and the visual-spatial sketchpad.  Both systems are responsible for the short-term 

maintenance of information, and both storage systems are in direct contact with the 

central executive system.  

According to Baddeley and Logie (1999), the phonological system is responsible 

for temporary storage of verbal information.  The phonological loop can be fractioned 

into a passive phonological store and an active rehearsal process.  In the passive 

phonological store, items are held for a limited amount of time, and the items are 

maintained within the store via the process of articulation.  The active rehearsal process 

prevents the decaying of information (Baddeley, 1996).  Baddeley and Logie assumed 

that individual differences in phonological loop capacity are dependent on the amount of 

memory activation available (1999).  A related issue concerns how the phonological loop 

capacity develops over time.  Baddeley, Gathercole, and Papagno (1998) have suggested 

that as children grow older, they tend to process information more efficiently.  Unlike the 

visual-spatial sketchpad, no actual increases in capacity are believed to occur.  Instead, it 

is that information is processed faster, meaning that there is more free capacity to accept 

new information.  

The visual-spatial sketchpad is the other subsystem of the executive system that is 

responsible for the short-term storage of visual information.  Like the phonological loop, 

the visual-spatial sketchpad consists of two parts: the passive visual cache and an active 

inner scribe (Logie, 1995).  The passive cache stores information and the inner scribe 
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allows for rehearsal and maintenance of information within the visual spatial sketchpad. 

Presumably, individual differences in visual spatial sketchpad capacity are dependent on 

the capacity for retaining visual patterns (i.e., the passive visual cache), instead of 

retaining sequences of movements (i.e., the inner scribe; Baddeley & Logie, 1999), which 

is the opposite of the phonological loop.  As children grow older, they experience 

increases in visual-spatial sketchpad capacity.  The visual-spatial capacity of an 11-year-

old child is similar to that of an adult (Gathercole, 1998).  Although researchers have 

been investigating the visual-spatial sketchpad for decades, relatively less is known about 

this system compared to the phonological loop (Baddeley, 2012; Baddeley & Logie, 

1999). 

The model originally proposed by Baddeley and Hitch (1974) has been recently 

revised to include an episodic buffer.  The episodic buffer, which provides short-term 

storage of information from the other slave systems, is linked to the central executive; its 

purpose is to link together all information from WM components and some aspects of 

long-term memory (LTM) to form a unitary episodic representation that enables 

memories to be prepared for storage in LTM (Baddeley, 2000).  Although this may be 

another important aspect of WM, consistent support has been found for the tripartite 

model across various age groups of children (Gathercole, Pickering, Ambridge, & 

Wearing, 2004; Swanson, Jerman, & Zheng, 2008).  This paper focuses on the central 

executive component of WM, phonological loop, and visual-spatial sketchpad in ELL 

children. 
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The Importance of Working Memory in Academics 

Working memory plays a critical role in performing complex cognitive activities, 

such as language comprehension, mental arithmetic, and reasoning (Baddeley & Logie, 

1999; Fürst & Hitch, 2000; Noël, Desert, Aubrun, & Seron, 2001). 

Reading and Working Memory  

Previous research has found that individual differences in reading performance 

can, in part, be attributed to differences in WM capacity.  For example, Daneman and 

Carpenter (1980) found that poor readers were not able to hold as much information in 

their working memory store as could average readers.  Baddeley (1979) also argued that 

working memory, in particular the phonological loop, played an important role in 

learning to read.  In fact, associations have been identified between children's 

phonological memory and their vocabulary knowledge (Gathercole, Willis, Emslie, & 

Baddeley, 1992), with better phonological memory being associated with better 

vocabulary knowledge.  

The phonological component was also found to play a major role in second 

language acquisition (see Baddeley, Gathercole, & Papagno, 1998, for a review). 

However, controversy has arisen regarding whether WM difficulties are specific to verbal 

storage or a general capacity difficulty.  That is, which components of WM differentiate 

poor and good readers?  For example, Jorm and Share (1983) argued that domain-specific 

deficits (related to the phonological loop) are associated with poor reading skills; they 

proposed that the phonological loop restricts the information that is available to the 

central executive component of WM, creating a bottleneck of information to high-order 
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skills.  This means that fewer resources in the central executive component are available 

to help in the reading process.  A second model proposed that reading difficulties are 

associated with a general processing deficit, and much more support has been generated 

for this model (De Jong, 1998; Siegel & Ryan, 1989; Swanson & Sachse-Lee, 2001a, 

2001b).  These studies have found that poor and good readers were differentiated by both 

the storage and the simultaneous processing of information (i.e., both the phonological 

loop and the central executive component of WM). 

In addition, it is important to note that variations in the visual-spatial sketchpad 

have not been shown to differentiate between poor and good readers.  In fact, some 

studies have found that children with and without reading difficulties have similar scores 

on measures related to the storage of visual information (Kibby, Marks, Morgan, & Long, 

2004; Swanson & Berninger, 1995).   

Mathematics and Working Memory   

Research has indicated that children with executive functioning deficits are at 

greater risk for underachievement (Huang-Pollock & Karalunas, 2010).  For children 

learning math, this means they may have trouble with problems learning math skills that 

require the use of working memory.  For example, doing long division requires the 

memorization of how much to carry over to the next number in order to solve the entire 

problem.  These increased demands on WM processes impair children’s ability to 

develop automaticity (i.e., performing a skill with little awareness or effort) for more 

complex tasks (Huang-Pollock & Karalunas, 2010).  This may mean that children may 
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struggle with learning mathematics and not make gains as quickly as other typically 

developing students.     

The literature also suggests that the phonological loop is important for 

mathematics learning, which includes the encoding and maintenance of mathematics 

operands (Fürst & Hitch, 2000).  Gathercole, Pickering, Knight, and Stegmann, (2004) 

found that children who score higher on measures of the phonological loop also have 

higher achievement levels in mathematics.  In particular, errors in calculation have been 

associated with poor phonological processing (Fürst & Hitch, 2000).  In addition, several 

studies have found that the central executive is a good predictor of word problem solving, 

even in the presence of other cognitive factors and reading and calculation skills (Holmes 

& Adams, 2006; Rammelaere, Stuyven, & Vandierendonck, 2001; Swanson, 2004, 2011; 

Swanson, Jerman, & Zheng, 2008; Swanson & Beebe-Frankenberger, 2004).  

The visual-spatial sketchpad also predicts mathematics achievement (Holmes & 

Adams, 2006).  For example, the visual-spatial sketchpad was found to be the best 

predictor of non-verbal addition problems in preschool children, even when other 

predictors of the phonological loop and central executive component of WM were 

included (Rasmussen & Bisanz (2005).  Other studies have found that the visual-spatial 

sketchpad is a unique predictor of word problem solving, beyond the contribution of 

other WM components (Meyer, Salimpoor, Wu, Geary, & Menon, 2010; Swanson, 

Jerman, & Zheng, 2008; Swanson & Sachse-Lee, 2001a) 
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Classroom Behavior and Working Memory 

Working memory can also affect classroom behaviors (Alloway, 2006, 2012).  

Many times children with poor WM may have difficulties with attentional capacity (the 

information one can remember and attend to in a short time), selective attention (being 

able to concentrate on relevant information), and sustained attention (being able to attend 

for an extended amount of time; Swanson et al., 1998).  In addition to these cognitive 

deficits, children with low WM performance also often have deficits in executive 

functioning, which may limit their opportunities to learn (Gathercole, 1998).  Children 

with poor WM tend to have difficulty following lengthy directions and procedures.  

These children may also appear to be inattentive in general and more reserved in group 

activities (Gathercole & Alloway, 2008).  In fact, teachers’ ratings of students’ classroom 

behaviors are often associated with WM deficits.  Poor WM has been found to be a 

reliable predictor of which students will struggle in the classroom (Alloway, 2012).   

Working Memory in English Language Learners 

Limited research has investigated the role of working memory in ELL or bilingual 

children.  Although various studies have shown that bilingual children outperform their 

monolingual counterparts in some WM tasks (e.g., conflict, switching, and flexibility 

tasks) used to measure executive functioning (Bialystok & Feng, 2009; Bialystok & 

Shapero, 2005; Carlson & Meltzoff, 2008; Martin-Rhee & Bialystok, 2008), these 

benefits have not been directly tied to specific academic outcomes in ELLs.  For 

example, Bialystok and Feng (2009) noted that bilinguals consistently outperform 

monolinguals in all nonverbal measures of attention and control; however, this bilingual 
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advantage does not extend to tasks of language processing (e.g., phonological loop or 

STM), which may impact reading.  

Although some advantages in visual processes have been attributed to bilingual 

children, research has yet to establish that an advantage occurs on the executive 

component of WM.  Research has found that bilinguals have control over a smaller 

vocabulary in each language than monolinguals, and this small vocabulary may 

contribute to their lower level of performance on verbal tasks, such as STM (Fernandes, 

Craik, Bialystok, & Kreuger, 2007).  Thus, being bilingual may have opposing effects on 

tasks that tap the phonological loop (STM), visual-spatial sketchpad, and the executive 

component of WM. 

Some limited research has been reported with bilingual children and WM in more 

than one language system.  In one study, Thorn and Gathercole (1999) compared 

monolingual English, English-French bilingual, and children learning French as a second 

language on various measures of the phonological loop (STM) and vocabulary in the two 

languages.  Thorn and Gathercole found that performance on STM measures was 

associated with the level of familiarity with English and French languages; this meant 

that higher levels of recall of both real and pseudowords were associated with vocabulary 

knowledge within the same language system.  In another study conducted with Arab-

Canadian children, Abu-Rabia and Siegel (2002) also found a significant relationship 

between real and pseudoword reading and WM in the two languages.  The researchers 

concluded that bilingualism did not appear to negatively impact the development of 

language reading skills in Arabic and English.  
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Foundational academic skills, such as reading, which are impacted by WM 

performance, are important aspects in developing children’s academic acumen.  These 

skills are particularly important for ELL students, because, if students cannot 

comprehend what they are reading, their ability to master the concepts taught in other 

subjects (aside from English), such as science, math, or history, will be limited.  

Although we know some about bilingual children’s proficiency on various components of 

WM in both language systems and how that impacts academic performance, most 

research has not explicitly studied the construct of WM outside of the English language.  

As ELL children may vary in their proficiency on various components of WM, it is 

important to understand how these variations in WM may differ across language systems. 

Alternate Models of Working Memory 

Other models of WM have been proposed that may apply more aptly to ELLs, as 

they have two language system available (English and Spanish, in this case).  The 

Inhibitory Control (IC) model posits that the successful use of a langue requires the 

inhibition or suppression of another competing language (Green, 1998).  Norman and 

Shallice (1986) proposed a supervisory attentional system, which is similar to the central 

executive component of WM in Baddeley’s model.  Although both language systems 

within ELLs always remain constantly active to some degree (Colomé, 2001), the 

attentional system in the IC model activates the appropriate language schema, depending 

on outside cues, and suppresses the information that need to be inhibited.  

Although the IC model is not necessarily mutually exclusive to Baddeley’s WM 

model, this may be a way to expand upon the traditional model of WM (Gass & Lee, 
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2011).  In fact, limited research has investigated inhibitory control in ELLs.  The 

literature has demonstrated that bilinguals outperform monolinguals in inhibitory control 

in early childhood and adulthood, but not early adulthood (Bialystok, Martin, & 

Viswanathan, 2005).  Previous studies have also demonstrated that differences in WM 

exist between individuals (Conway, Jarrold, Kane, Miyake, Towse, 2007; Gass & Lee, 

2011; Michael & Gollan, 2009), and that language is not isolated from, in fact it is 

inextricably related to, general cognitive processes (Bialystok & Feng, 2009; Bialystok, 

Martin, & Viswanathan, 2005).  Knowing this, the IC model of WM may not be as robust 

across a person’s lifespan.  

Examining cognitive processes in bilingual populations is a relatively new, but 

burgeoning field, and the underlying mechanisms that affect WM in ELLs have not been 

firmly identified (Michael & Gollan, 2009).  This is precisely why the investigation of 

WM models in ELL populations is important.  As models of WM, inhibitory processes, 

and bilingualism continue to grow, the ability to predict how bilingualism may affect 

various cognitive skills and how these cognitive skills may affect bilingualism may be 

further elucidated (Gass & Lee, 2011). 

Contribution to the Literature 

The construct of working memory as it applies to different language systems or 

populations, such as ELLs, is a topic worth of study.  Given the importance of WM in 

academics, it is paramount to examine whether how we measure the WM construct varies 

across multiple populations of interest.  This is especially important because any test that 

uses language is in part a measure of language skills.  In situations which English is not a 
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person’s first language, the assessment or task may not accurately measure what a 

researcher intends (American Educational Research Association [AERA], American 

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

[NCME], 1999). 

In addition to measurement concerns, others argue that language used in testing is 

an ethical concern. Rogler, Malgady, and Rodriguez (1989) stated that testing someone in 

a language in which they are not proficient is not appropriate and will lead to flawed 

results.  Doing so would make the assumption that the translation is equivalent and that 

the meaning of responses to items is the same across groups.  Although this is generally a 

greater concern in situations of high-stakes testing, it is nonetheless important for 

researchers to ensure that their work is accurately and appropriately conducted, as the 

results of their work can impact programs, policy, and the knowledge base of their field.  

A crucial part of the research process is ensuring the construct of interest is 

appropriately measured.  Merely using a translated version of an already standardized or 

evidence-based assessment is not sufficient evidence that the psychometric properties are 

comparable (Geisinger, 1994; van der Vijver & Hambleton, 1996).  To ensure that a 

construct is being measured adequately and in order to make cross-lingual comparisons, 

the measures must be equated across language version and across groups (Sireci, Han, & 

Wells, 2008).  However, research often neglects the comparisons of measures across 

language systems (Rios & Sireci, 2013).  Making such comparisons is a way to ensure 

the measurement structure underlying the WM model does not differ across cultures. 
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Research Questions 

 This research focuses on exploring further the construct of working memory and 

how the construct functions in different languages and within students who are English 

language learners. Specifically, the research questions addressed here include:   

1. Does the theoretical framework of Baddeley’s model of working memory (WM) 

in English and Spanish fit the data for children who are English language learners 

(ELLs)? 

2. Are there differences in English working memory structures between ELL and 

non-ELL groups? 

3. Does the structure of WM for ELL children remain stable over time in English 

and Spanish measures? 
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CHAPTER 2 

METHOD 

 

Participants 

Data for this study were derived from two larger studies investigating working 

memory funded by the U.S. Department of Education, Institute of Education Science, 

cognition and student learning section.  The first study was developed to test a series of 

interventions that compensate for working memory limitations to improve math 

performance in children at risk for math disabilities (N = 483).  There were 395 students 

who participated in the pretest wave of the study who were not designated ELL.  The 

sample included 191 boys and 204 girls (48% boys and 52% girls).  The majority of the 

students were Caucasian (n = 225, 57%).  The sample also included Hispanic (n = 90, 

23%), African American (n = 24, 6%), Asian (n = 22, 6%), and mixed-ethnicity (n = 34, 

8%) students.  The mean age of the sample was 100.98 months (SD = 6.56).  In addition, 

there were 88 students who were designated ELL.  The sample included 48 boys and 40 

girls (55% boys and 45% girls).  The students were predominantly Hispanic (n = 77, 

88%) and included mixed-ethnicity children (n = 11, 12%).  The mean age of ELL 

students was 99.49 months (SD = 3.83). 

The second study was originally designed to identify the measures and processes 

that accurately identify children with a reading disability who are English language 

learners.  Five hundred (N = 500) English language learners in elementary school (grades 

1 to 3) participated across the three testing waves of a study.  The sample included 235 
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boys and 265 girls (47% boys and 53% girls).  All students were Hispanic and designated 

as ELLs by their school district.  The designation of ELL status was determined by the 

school administration of the California English Language Development Test (CELDT) 

and a parent questionnaire.  Based on school interview data, 82% of the sample reports 

Spanish as the primary current language spoken at home (n = 410), 10% reported English 

(n = 48), and 8% reported speaking both Spanish and English in the home (n = 42).  In 

addition, 96% of the students participated in a federally funded free and/or reduced lunch 

program.  In Wave 1, 32% of the sample was in Grade 1, 31% in Grade 2, and 37% in 

Grade 3.  The mean age of the sample was 91.21 months (SD = 10.67).  

Because the number of participants varied depending on the analysis being 

conducted, specific participant data is presented before the results.  

Procedures 

Children from these two data sets were tested individually after informed consent 

was obtained for participation.  For each testing wave, two sessions of individual testing 

were conducted, each which lasted thirty minutes (for limited English or Spanish 

speakers) to one hour.  In both studies, the presentation order of tasks was 

counterbalanced into one of six presentation orders.  Children were randomly assigned to 

each participation order and randomly assigned to an examiner.  With ELL children, no 

Spanish and English versions of the same test were presented consecutively.  

Measures 

Study participants who participated in the second study, which examined WM and 

reading, were administered both English and Spanish versions of each measure, whereas 
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students in the study examining WM and mathematics were tested only in English.  All 

tests are administered individually by a trained and supervised doctoral or post-doctoral 

student.  Instructions were given in Spanish for all tasks requiring Spanish responses. 

Several measures that required Spanish-translated versions were developed specifically 

for this study; some of these tasks (e.g., pseudoword reading) required calibration for task 

difficulty.  Three native Spanish Speakers made judgments on the difficulty of the items 

in relation to the task presented in English.  Interrater agreements exceeded 85% in all 

instances. 

Executive System of Working Memory 

 Conceptual span, listening span, and updating task were administered in English 

and Spanish to capture the executive component of WM.  Previous studies show that 

these measures load on the executive component of WM (see Swanson, 2008).  The WM 

tasks required children to hold increasingly complex information in memory while 

simultaneously responding to a question about the task.  For example, after children 

listened to a list of words they were asked, “Which word from the list did I say, X or Y?” 

They were then asked to recall words from the list.  This balance of simultaneous storage 

and processing is consistent with a number of studies of WM processing, including 

Daneman and Carpenter's (1980) seminal WM measure.  A previous study (Swanson, 

1996), with a different sample, established the reliability and the construct validity of the 

measures with the Daneman and Carpenter measure.  In addition, a rhyming words task 

and the digit backward portion of the Digit Span subtest were also administered to a 

subset of the students.  
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Conceptual span. The purpose of the Conceptual Span task is to assess the 

participant's ability to organize sequences of words into abstract categories (Swanson, 

1992, 1995).  In this task, children were presented a set of words (one every two 

seconds), asked a discrimination question (process question), and then asked to recall the 

words that “go together.”  For example, a set might include the following words: “shirt, 

saw, pants, hammer, shoes, nails.”  Participants are then directed to retrieve the words 

that “go together” (i.e., shirt, pants, and shoes; saw, hammer, and nails).  A Spanish- 

translated version was also created and administered to the children.  Care was taken in 

the development of the measure to keep the abstract categories the same in both 

languages (e.g., clothes and tools); however, WM level appropriate words were used in 

cases where direct translation resulted in significantly harder words to recall.  The 

dependent measure was the highest set recalled correctly (range of 0 to 8) in which the 

discriminating process question was also answered correctly.    

Listening sentence span.  This task assesses children’s ability to remember 

numerical information embedded in a short sentence (Daneman & Carpenter, 1980; Just 

& Carpenter, 1992; Swanson, 1992, 1995).  The Listening Sentence Span Test assesses 

WM span by having participants listen as the tester reads a series of sentences, asks a 

question about the topic of one of the sentences, and then asks the child to remember and 

repeat back the last word in each sentence in order.  For example, the following is a set 

with two sentences: (Listen) "Many animals live on the farm. People have used masks 

since early times." (Question) "What have been used since early times?" [Correct answer 

= masks] (Prompt) "Remember the last words." [Correct answer = farm, time].  Listening 
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sentence sequences are presented in increasing set sizes.  Children received points toward 

their span score for correctly answering the topic question, for the number of words 

correctly recalled in order, and for the number of correctly recalled words out of order.  

Additionally, total number of wrong words inserted into the sequence by the child was 

also noted.  

 Updating task.  Because WM tasks are assumed to tap a measure of controlled 

attention referred to as updating (e.g., Miyake, Friedman, Emerson, Witzki, & Howerter, 

2000), an experimental Updating Task, adapted from Morris and Jones (1990), was also 

administered.  A series of one-digit numbers were presented that varied in set lengths of 

three, five, seven, and nine.  No digit appeared twice in the same set.  The examiner told 

the child that the length of each list of numbers might be three, five, seven, or nine digits. 

Participants were then told that they should recall only the last three numbers presented in 

the set.  Digits were presented at approximately one-second intervals.  After the last digit 

was presented, the participant was asked to name the last three digits in order.  In contrast 

to the aforementioned WM measures, which involve a dual-task situation where 

participants answer questions about the task while retaining information (words or spatial 

location of dots), the current task involved the active manipulation of information such 

that the order of new information was added to or replaced the order of old information.  

That is, to recall the last three digits in a series of digits of unknown length, the order of 

old information must be kept available (previously presented digits), along with the order 

of newly presented digits.  Thus task performance reflects the activity of both the 
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phonological system as well as the executive system.  The dependent measure was the 

total number of sets correctly repeated (range 0 to 16).  

Rhyming Words. The Rhyming Span subtest from the Swanson Cognitive 

Processing Test (S-CPT; Swanson, 1996; Swanson, Howard, Sáez, 2006) was 

administered individually to students to assess auditory recall of acoustically similar 

words.  Students were presented with a series of rhyming words, asked a process 

question, and then asked to recall the words in order.  For example, the students were 

presented with a word set “run-fun-gun” and then asked a process question, “What word 

did I say, sun or fun?”  After answering the process question correctly, the students were 

prompted to repeat the sequence in order.  The word sets gradually increased in length; 

the difficulty ranged from a set of 2 rhyming words to a set of 14 rhyming words.  A 

parallel Spanish version was also administered (Swanson & Beebe-Frankenberger, 2004). 

Because word length has been found to influence phonological processing (Chincotta & 

Underwood, 1998), care was taken in pilot work to use words in the Spanish version that 

were equivalent in length (i.e., syllables) rather than meaning.  The task difficulty ranged 

from a set of two rhyming words to a set of six rhyming words.  The dependent measure 

for both versions was the number of sets recalled correctly (range of 0 to 9 for the 

English version and a range of 0 to 5 for the Spanish version). 

Backward Digit Span.  The digit backward portion of the Digit Span subtest for 

the Wechsler Intelligence Scale for Children-Third Edition (WISC-III; Wechsler, 1991) 

was administered to children.  The digit backward subtest involves a series of orally 

presented numbers that the child repeats in reverse order.  There are eight number sets 
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with two trials per set, with the number of digits to repeat increasing in range of difficulty 

starting at two digits and going up to nine digits.  For the translated Spanish version of 

the Backward Digit Span subtest, identical numbers were presented in the same order as 

the English version.  There were no deviations in procedure, except for language use.  

Dependent measures were the largest set of items recalled in order for each language.  

Phonological Loop (Short-Term Memory) 

Three measures of short-term memory (STM) were administered: Forward Digit 

Span, Word Span, and Pseudoword Span in English and Spanish.  

Forward Digit Span.  The digit forward portion of the Digit Span subtest for the 

Wechsler Intelligence Scale for Children-Third Edition (WISC-III; Wechsler, 1991) was 

administered to measure short term memory (STM) since it is assumed that forward digit 

spans presumably involves a subsidiary memory system (the phonological loop).  The 

digit forward subtest involves a series of orally presented numbers that the child repeats 

verbatim.  There are eight number sets with two trials per set, with the number of digits to 

repeat back increasing in range of difficulty starting at two digits and going up to nine 

digits.  For the translated Spanish versions of the Forward Digit Span subtest, identical 

numbers are presented in the same order as the English version.  There were no 

deviations in procedure, except for language use.  Dependent measures were the largest 

set of items recalled in order for each language.  

Word span task.  This experimentally-designed memory task assesses short-term 

memory retention for real words; the word span task was previously used by Swanson, 

Ashbaker, and Lee (1996).  In this task, examiners orally presented to students a list of 
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common but unrelated nouns that they were then asked to recall.  Word lists gradually 

increase in set size from a minimum of two words to a maximum of eight.  The 

dependent measure was the highest set of items retrieved in the correct serial order (range 

of 0 to 7).  Cronbach's alpha is previously reported as .62 for the Word Span task 

(Swanson & Beebe-Frankenberger, 2004). 

Phonetic memory span task.  The Phonetic Memory Span task (Swanson & 

Berninger, 1995) assessed phonological short-term memory for pseudowords.  The task 

uses strings of nonsense words (one syllable long) that are presented one at a time in sets 

of two to seven nonwords (e.g., des, seeg, seg, geez, deez, dez).  Students were asked to 

recall the nonwords.  Lists gradually increase in set size, from a minimum of two words 

to a maximum of eight.  The dependent measure for all STM measures was the highest 

set of items retrieved in the correct serial order (range of 0 to 6).  The Cronbach's alpha 

was previously reported as .82 for the Phonetic Memory Span task (Swanson & Beebe-

Frankenberger, 2004). 

Visual-Spatial Sketchpad of Working Memory 

A mapping and directions span task and a visual matrix task were administered to 

assess the visual-spatial sketchpad of WM. Instructions for these tasks were given in both 

languages and responses were provided non-verbally. 

Mapping and directions span test. The Mapping and Directions task from the 

Swanson Cognitive Processing Test (S-CPT; Swanson, 1992) was used to determine 

whether the students could recall a visual-spatial sequence of directions on a map with no 

labels (Swanson, 1995).  The child was presented with a street map for ten seconds with 
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lines connected to a number of dots, illustrating the direction a bike would go to get out 

of the city.  Buildings were squares, dots were stoplights, and lines and arrows were 

directions to travel.  After the removal of the map, the child was asked, "Are there any 

stoplights in the first column?" and asked to circle "Y" for yes or "N" for no.  The child 

was then instructed to draw lines, stoplights, and arrows on a blank map.  Task difficulty 

ranges from a map with two arrows and two stoplights to a map with two arrows and 

twelve stoplights.  The dependent measure was created by determining the number of 

correctly answered process questions, number of correctly recalled dots, number of 

correctly recalled lines between the dots, and total number of correct arrows (to receive 

credit, the arrows had to be both in the correct spot and pointing in the correct direction). 

Additionally, the numbers of insertions (extra dots, lines, and arrows) were also noted.   

Visual matrix task.  The Visual Matrix Task from the Swanson Cognitive 

Processing Test (S-CPT; Swanson, 1992) was used to assess the WM of participants by 

measuring their ability to remember visual sequences within a matrix (Swanson, 1995). 

Participants were presented a series of dots in a matrix (a grid made of squares) and were 

allowed five seconds to study the pattern.  The matrix was then removed and participants 

were asked, "Are there any dots in the first column?"  After answering this discriminating 

question about the column (by circling "Y" for yes or "N" for no), the students were then 

asked to draw the dots they remembered seeing in the corresponding boxes of a blank 

matrix in their response booklets.  The task difficulty ranged from a matrix of four 

squares with two dots to a matrix of 45 squares with 12 dots.  The dependent measure 
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was the highest set recalled correctly (range of 0 to 11) in which the process question was 

answered correctly.  

Analyses 

 To examine how the construct of WM varies between ELL and non-ELL children 

and between English and Spanish measure of WM, various structural equation modeling 

analyses were conducted.  

Structural equation modeling (SEM) refers to a family of statistical techniques 

used for testing and estimating relationships between latent and observed variables.  

There are several reasons why this modeling technique is used; mainly, SEM allows for 

estimating relations between latent variable, it allows for testing competing models, and it 

takes into account measurement error of observed variables (Raykov & Marcoulides, 

2006).  Aside from these noted advantages, there are some additional considerations 

made before employing SEM techniques: the model must be identified, univariate and 

multivariate normality assumption must be met, there must be a sufficient sample size, 

and the data should represent a random and independent sampling.  Model identification 

is an important prerequisite before beginning an analysis.  If a model is under-identified, 

it means that parameter estimates cannot be made based on the observed data.  To correct 

this, various parameters will be fixed to a value of 1.  By fixing various parameters, an 

over-identified model will be specified; this means that the number of estimated 

parameters was less than the number of observed variances and covariances for the model 

as a whole (Kline, 2005).  Second, univariate and multivariate normality assumption must 

be met.  Next, it should be noted that SEM is a large sample technique, which generally 
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indicates that a sample size larger than 200 is desired (Kline, 2005).  The general rule of 

thumb suggests that 5-10 subjects per parameter to be estimated are needed.  The present 

study includes data from approximately 500 ELL and 400 non-ELL students, which 

satisfies this assumption.  Last, the data should represent independent and random 

sampling.  This assumption was also met and ensured by the research team.  All the 

analyses will be conducted in Mplus, version 7 (Muthén & Muthén, 1998-2010).  

Confirmatory Factor Analysis 

To analyze whether the data from ELL students fit the proposed Baddeley model 

of WM, a series confirmatory factor analyses (CFAs) were conducted.  CFA is a theory 

testing technique, which means that there is an a priori hypothesis regarding which 

factors (i.e., theoretical constructs) are present and which manifest variables (i.e., the 

measured items designed to represent the theoretical constructs) load on which factor.  

CFA can be used to test explicitly whether the proposed model structure of WM matches 

the observed data.  In our model of working memory, the proposed model structure 

includes 3 latent factors, comprised of the central executive components of WM (which 

includes conceptual span, listening span, and updating task), the phonological loop 

(which includes forward digit span, word span, and pseudoword span tasks), and the 

visual-spatial sketchpad (which includes a mapping and directions span and visual matrix 

task; Figure 1). The factor variances were set to 1.0 to identify the model.  

To assess model fit (i.e., how well the observed and theoretical factor structures 

match), goodness of fit statistics are produced.  The goodness of fit statistics that will be 

used in these analyses will include the comparative fit index (CFI) and the Tucker-Lewis 
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index (TLI); values greater than .95 and approaching 1.0 in the goodness of fit statistics 

suggest good model fit.  The badness of fit statistics used in this research include the chi-

square statistic (χ2)1, root mean squared error of approximation (RMSEA), and 

standardized root mean squared residual (SRMR).  Contrary to the goodness of fit 

statistics, lower values of badness of fit measures indicate better model fit, and statistics 

less than .05 for the RMSEA and .08 for the SRMR are desired (Byrne, 1994; Hu & 

Bentler, 1999; Kline, 2005).   

If the CFA found that the proposed factor structure of the working memory in 

English and Spanish fit the data well, then further analyses were conducted to assess 

whether other models of WM fit the data better.  In addition to the goodness and badness 

of fit statistic, the Bayesian information criterion (BIC) may also be used to determine 

which WM model fits the data better (Schwarz, 1978).  Once, or if, there is a factor 

structure that fit the data well, then analyses were be run to assess whether the model 

parameters (i.e., factors and factor loadings) varied across the ELL and non-ELL 

populations and over time. 

Multigroup Analysis 

A multigroup analysis is accomplished by analyzing the two student groups 

simultaneously, then making nested model comparisons.  A nested model is a subset of 

an original factor structure model; a model that is nested has the same model parameters 

as an original proposed factor structure, but with constraints made on parameter estimates 

                                                 
1 The chi-square statistic is sensitive to sample size as it tests the null hypothesis (i.e., there is no significant 

differences between the proposed and observed facture structures).  As this study has a large sample size, 

additional fit statistics will be used to assess overall model fit (Kline, 2005). 
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(which means that are fewer free model parameters to estimate).  Then, the constrained 

and the original, unconstrained model can be compared using the chi square difference 

(Δχ2) statistic, a measure of misfit.  If the Δχ2 is not significantly different, then it can be 

concluded that model parameters do not differ significantly between the two groups.  

Non-significant findings would suggest that the WM factor structures between the ELL 

and non-ELL groups or over time are similar.   

To assess whether the ELL and non-ELL groups’ working memory measures 

were similar (i.e., the presence of group invariance), a series of two-group CFAs were 

conducted. First, a test for the presence of configural invariance was conducted.  

Configural invariance is achieved if the model tested fits across the groups, that is, the 

models have the same path diagram; this suggests that the same construct is being 

measured across two, or sometimes more, groups (i.e., the same manifest variables load 

on the same latent variables in each group), but the factor loadings and error variances are 

free to vary (Brown, 2006; Horn, McArdle, & Mason, 1983).  The configural invariance 

model served as a baseline model.  Comparisons were made from this model to other 

models that had various types of metric invariance constraints invoked (Reise, Widaman, 

& Pugh, 1993; Widaman & Reise, 1997).  In comparing fit across models, likelihood 

ratio chi-square difference tests were used, as each successive model was nested within 

the previous one (Bentler & Bonett, 1980). 

Widaman and Reise (1997) distinguished between several forms of metric 

invariance: weak, strong, and strict factorial invariance.  Weak factorial invariance occurs 

when factor loadings are invariant, but the intercepts and unique variances are free to 
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vary.  Strong invariance involves additional constraints on the intercepts of the measured 

variables (i.e., the tau matrix).  Last, strict invariance, the most restrictive model, assumes 

unique variances, intercepts, and factor loadings across groups are equivalent.  If a model 

meets criteria for strict invariance, it suggests that the construct was measured with the 

same level of precision in each group (Brown, 2006). 

Longitudinal Invariance 

In addition to testing for invariance across groups, the equality of construct 

measurement over time in the ELL children was also tested.  In the present study, the 

English WM measures from wave 1 and wave 3 and the Spanish WM measures from 

wave 1 and wave 3 of the study were compared in the ELL student group.  

To assess whether the structure of working memory remains invariant over time, 

(i.e., the presence of group invariance), a series of CFAs were conducted with both 

English and Spanish measures of WM.  A similar approach, as in the previous discussed 

multigroup analysis, was used.  The four models tested include: (1) configural invariance, 

where the same pattern of fixed and free factor loadings are modeled across time; (2) 

weak factorial invariance, where the factor loadings are held constant over time; (3) 

strong factorial invariance, where the factor loadings and intercepts are held constant 

across time; and (4) strict factorial invariance, where factor loadings, intercepts, and 

unique factor variances are held constant across time (Widaman, Ferrer, & Conger, 2010; 

Widaman & Reise, 1997). 

A similar procedure as utilized with the multigroup analysis will be conducted to 

test measurement invariance across time.  Because the same measure was administered 
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twice to the same person, the measures at both time points were allowed to covary.  The 

first 3 factors were identified with a mean = 0 and a variance = 1 at Time 1, which 

allowed all factor loadings and intercepts to be estimated.  Then, the second set of 3 

factors were identified by constraining the first factor loading on each factor to invariance 

with Time 1, and the first intercept for each factor to be invariant with Time 1.  The 

model is specified in this fashion because factor means and variances may change over 

time.  The model fit will be compared across the various models, likelihood ratio chi-

square difference tests will be used, as each successive model is nested within the 

previous one. 

Expected Outcomes 

Ideally, results from the CFAs would provide evidence that the WM models in 

English and Spanish are tenable in ELL populations.  If the CFA models do not fit the 

proposed model structure of WM, then this may suggest that another model of WM may 

be more useful.   

 If the WM constructs fit the data well, multigroup comparisons can be made.  The 

comparisons across ELL and non-ELL groups will provide evidence regarding whether 

the construct is invariant given the population of interest.  This finding would support the 

notion that the construct of WM is being measured consistently across cultures and that 

results from subsequent studies can be generalized to some ELL groups.  

 Last, we test the structure of English and Spanish WM across time.  A finding that 

WM is invariant provides evidence that the measurement of a construct is consistent over 

time and does not change in younger elementary school children. This finding would be 
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consistent with the literature (e.g., Swanson et al., 2004) and further suggest that 

Baddeley’s model of WM is an adequate conceptualization for ELLs and that the 

construct of WM can be measured within both English and Spanish language systems.   

Conclusion 

Given the importance of WM in academics, it is paramount to examine whether 

there are differences when the WM construct is measured across various populations of 

interest.  Ensuring that constructs are appropriately measured is an integral part of the 

research process, a part of the research process that is often neglected. Merely using a 

translated version of an already standardized assessment is not sufficient evidence that 

the psychometric properties are comparable across groups; it is necessary to equate 

measurements across language versions and across groups. 

Providing evidence for the equivalence of WM constructs across groups will 

provide further evidence for the veracity and utility of Baddeley’s multi-component 

model of WM, a model that is commonly used in educational research.  
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CHAPTER 3 

RESULTS 

 

Research Question 1 

The first research question asked: Does the theoretical framework of Baddeley’s 

model of working memory (WM) in English and Spanish fit the data for children who are 

English language learners (ELLs)?  To analyze whether the data from ELL students are 

consistent with the proposed Baddeley model of WM, a series of confirmatory factor 

analyses were conducted with both the English and Spanish measures of WM.  

Descriptive statistics for WM measures can be seen in Table 1.   

Participants 

          The data reported here are from a subsample of the first three waves of a four-year 

cross-sectional, longitudinal study.  Data for these analyses were from Wave 1 of the 

study, which was conducted in the spring of 2010.  There were 492 students in Grades 1 

to 3 from three large school districts in the U. S. southwest that were included in this 

study.  The sample included 230 boys and 262 girls (47% boys and 53% girls).  All 

children were Hispanic and exposed to both English and Spanish languages.  Parent 

interviews indicated that in 82% of households the children’s primary current home 

spoken language was Spanish.  All children participating in the study were designated as 

English language learners (ELLs) based on school administration of the California 

English Language Development Test (CELDT).  The mean age of the sample was 91.21 

months (SD = 10.67).   
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Confirmatory Factor Analyses 

To analyze whether the data from ELL students were consistent with the proposed 

Baddeley model of WM, a confirmatory factor analysis (CFA) was conducted (Figure 1) 

initially with the English measures of WM.  The data yielded good fit, χ2(17) = 39.60, p = 

0.002; CFI = 0.95; TLI = 0.91; RMSEA = 0.05 [90%CI: 0.03, 0.07]; SRMR = 0.04. 

However, when examining the Spanish measures of WM, the data fit was only adequate, 

χ2(17) = 52.65, p < 0.001; CFI = 0.91; TLI = 0.86; RMSEA = 0.06 [90%CI: 0.05, 0.09]; 

SRMR = 0.04 (see Table 2).   

To improve model fit of the data and to test alternate WM models, additional 

models were conducted.  The second model tested was proposed by Conway et al. 

(2002).  In this model, due to high intercorrelations between measures of the executive 

component of WM and short-term memory capacity, so Model 2 retains a three-factor 

model, but has the conceptual span, sentence span, and updating tasks (measure of the 

central executive) load onto the phonological loop as well as the central executive 

component (Figure 2).  The CFA with the English measure of WM yielded a good model 

fit, χ2(15) = 23.80, p = 0.07; CFI = 0.98; TLI = 0.96; RMSEA = 0.04 [90%CI: 0.00, 

0.06]; SRMR = 0.03, and the Spanish measures yielded only an adequate fit to the data, 

χ2(15) = 54.04, p < 0.001; CFI = 0.91; TLI = 0.82; RMSEA = 0.07 [90%CI: 0.05, 0.09]; 

SRMR = 0.04 (see Table 3). When comparing Model 1 and Model 2 results, Model 2 fit 

significantly better than Model 1with the English WM measures, Δχ2(2) = 15.80, p = 

0.0003, but the fit of the two models was comparable with the Spanish WM measures, 

Δχ2(2) = 1.39, p = 0.50. 
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The third model tested was a two-factor model, with the latent variables of the 

Central Executive and the Storage components of WM, the latter of which subsumes the 

measures previously used in Model 1 to measure the phonological loop and the visual 

spatial sketchpad.  Theory guided the decision to test a two-factor model.  Instead of 

modeling the three components separately, as defined by Baddeley, the function of each 

component was considered.  The tasks used to measure the phonological loop and the 

visual-spatial sketchpad both serve the function of storing information, so they were 

grouped together in one latent factor, while the central executive component, which is 

used to manipulate information, was defined as the second factor in the model (Figure 3).  

The CFA with the English measure of WM yielded relatively poor model fit, χ2(19) = 

51.83, p = 0.0001; CFI = 0.92; TLI = 0.89; RMSEA = 0.06 [90%CI: 0.04, 0.08]; SRMR 

= 0.04, and the Spanish measures yielded a poor fit to the data, χ2(19) = 64.63, p < 0.001; 

CFI = 0.89; TLI = 0.84; RMSEA = 0.07 [90%CI: 0.05, 0.09]; SRMR = 0.04 (see Table 

4).  When comparing Model 1 and Model 3 results, the initial, three-factor model was 

significantly better with the English WM measures, Δχ2(2) = 12.23, p = 0.002, and the 

Spanish WM measures, Δχ2(2) = 11.98, p = 0.003. 

The fourth model considers whether having only factor provides a better model fit 

(Figure 4).  The CFA with the English measure of WM yielded poor model fit, χ2(20) = 

74.99, p < 0.001; CFI = 0.87; TLI = 0.82; RMSEA = 0.08 [90%CI: 0.06, 0.09]; SRMR = 

0.05, as did the Spanish WM measures, χ2(20) = 65.09, p < 0.001; CFI = 0.89; TLI = 

0.85; RMSEA = 0.07 [90%CI: 0.05, 0.09]; SRMR = 0.04 (see Table 5).  When 

comparing Model 1 and Model 4 results, the initial, three-factor model was significantly 
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better with the English WM measures, Δχ2(3) = 35.39, p = 0.002, and the Spanish WM 

measures, Δχ2(3) = 12.44, p = 0.006. 

Research Question 2 

The second research question asked: Are there differences in English working 

memory structures between ELL and non-ELL groups?  A multigroup analysis was used 

to test for factor invariance of English WM measures in ELL and non-ELL students.  

Descriptive statistics for WM measures can be seen in Table 6.      

Participants 

          The data reported here were from a subsample of a study that tested several 

strategies meant to compensate for working memory limitations. The sub-sample 

included 339 non-ELL and 88 ELL students who were all in the third grade.  The non-

ELL group contained 161 boys and 178 girls (47% boys and 53% girls).  The majority of 

the students were Caucasian (n = 195, 58%).  There were also 78 Hispanic (23%), 21 

African American (6%), 18 Asian (5%), and 26 mixed-ethnicity (8%) children who were 

included in the analysis.  The mean age of the sample was 100.01 months (SD = 4.85).  

The ELL group consisted of 48 boys and 40 girls (55% boys and 45% girls).  Most 

children were Hispanic (n = 77, 88%) and the remainder were mixed ethnicity (n = 11, 

12%); also, all students in this group were exposed to both English and Spanish 

languages.  The children were designated as ELLs based on school administration 

CELDT and parent interview. The mean age of the sample was 99.49 months (SD = 

3.83).   
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Multigroup Analysis 

A multigroup structural equation modeling approach was used to compare ELL 

and non-ELL students on the factor structure of working memory measures.  To test for 

weak factorial invariance across groups, the chi-square from a model with all parameters 

allowed to be unequal across groups was compared to the chi-square from a model with 

only the loadings constrained to be equal across groups (Meredith, 1993, Widaman & 

Reise, 1997).  The model with all parameters freely estimated in the two groups, fit the 

data adequately, χ2(34) = 48.29, p = 0.05; CFI = 0.92; TLI = 0.87; RMSEA = 0.04 

[90%CI: 0.00, 0.07]; SRMR = 0.05.  The weak invariance model with loadings 

constrained to be equal across groups also had fit that was adequate, χ2(39) = 54.23, p = 

0.05; CFI = 0.92; TLI = 0.88; RMSEA = 0.04 [90%CI: 0.00, 0.07]; SRMR = 0.05.  The 

weak invariance model with loadings constrained to be equal across groups had fit that 

was similar to the configural model, Δχ2(5) = 5.95, p = 0.31.  Next, a strong invariance 

model was tested.  Again, the model provided adequate fit, χ2(44) = 60.71, p = 0.05; CFI 

= 0.91; TLI = 0.88; RMSEA = 0.04 [90%CI: 0.004, 0.066]; SRMR = 0.05.  When 

compared to the weak invariance model, the strong invariance model was statistically 

comparable, Δχ2(5) = 6.48, p = 0.26.  Last, a strict invariance model was tested and rather 

poor fit was observed, χ2(52) = 87.75, p = 0.001; CFI = 0.80; TLI = 0.79; RMSEA = 0.06 

[90%CI: 0.04, 0.08]; SRMR = 0.10.  The strict invariance model had fit that was 

significantly poorer than the strong invariance model, Δχ2(8) = 27.04, p = 0.001 (Table 

7).   
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To explore further which specific manifest variables produced differential unique 

error variances (i.e., error terms that differed between groups), additional two-sample 

CFAs with equality constraints on individual parameter estimates were conducted and 

tested using chi square difference tests.  Two manifest variables had unique variances that 

differed across groups: the conceptual span task, Δχ2(1) = 14.956, p = .0001, and the 

updating task, Δχ2(1) = 9.109, p = .0025.  Both tasks measure the executive component of 

working memory (Table 8).  

Research Question 3 

The third research question asked: Does the structure of WM for ELL children 

remain stable over time in English and Spanish measures?  A multigroup analysis 

approach was again used to test for longitudinal factor invariance of English and Spanish 

WM measures in ELL students.  Descriptive statistics for WM measures can be seen in 

Table 9.   

Participants 

The data reported here are from a subsample of Wave 1 and 3 of a four-year 

cross-sectional, longitudinal study.  Data for these analyses were from wave 1 and 3 of 

the study, which was conducted in the spring of 2010 and 2012, respectively.  When 

examining longitudinal invariance using English and Spanish WM measures, the sub-

sample included 371 students, 174 boys and 197 girls (47% boys and 53% girls).  Parent 

interviews indicated that the children’s primary current home spoken language was 

Spanish in 84% of households.  Nine percent primarily spoke English in the home, and 

the remaining 7% of children spoke both English and Spanish in the home. The mean age 
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of the sample was 91.52 months (SD = 10.89) at wave 1 and 103.52 months (SD = 10.89) 

at wave 3.   

Longitudinal Invariance 

 

A multigroup structural equation modeling approach was used to compare WM 

constructs across time in ELL students.  First, the English WM measures were examined. 

A configural model was tested and used a baseline model, in which nested model 

comparisons can be made.  The configural model fit the data adequately, χ2(81) = 

147.615, p < 0.001; CFI = 0.92; TLI = 0.88; RMSEA = 0.05 [90%CI: 0.04, 0.06]; SRMR 

= 0.05.  To test for weak factorial invariance across time, a second model was run 

holding the factor loadings invariant; this model’s fit was poor, χ2(86) = 165.60, p < 

0.001; CFI = 0.90; TLI = 0.87; RMSEA = 0.05 [90%CI: 0.04, 0.06]; SRMR = 0.06.  The 

weak factorial invariance model had significantly poorer fit than the configural model, 

Δχ2(5) = 17.98, p = 0.003.  Next, a strong invariance model was tested. Again, the model 

had poor fit, χ2(91) = 181.23, p < 0.001; CFI = 0.89; TLI = 0.86; RMSEA = 0.05 

[90%CI: 0.04, 0.06]; SRMR = 0.06.  When compared to the weak invariance model, the 

strong invariance model was significantly worse, Δχ2(5) = 15.63, p = 0.008.  Last, a strict 

invariance model was tested, however, the model did not converge (Table 10).   

In addition, to further explore which specific items produced unique factor 

loadings (i.e., which factors differed between groups), additional two-sample CFAs with 

equality constraints of individual parameter estimates were conducted and tested using 

chi square difference tests.  Two items produced unique factor loadings: the sentence 

span task, Δχ2(1) = 4.431, p = .035, that is part of the executive component of WM and 
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the visual matrix task, Δχ2(1) = 11.542, p < .001, that is part of the visual-spatial WM 

component (Table 11).  

Next, the Spanish WM measures were examined for invariance across time.  A 

configural model was tested and used a baseline model.  The configural model fit the 

Spanish data poorly, χ2(81) = 183.95, p < 0.001; CFI = 0.89; TLI = 0.83; RMSEA = 0.06 

[90%CI: 0.05, 0.07]; SRMR = 0.05.  To test for weak factorial invariance across time, a 

second model was run holding the factor loadings invariant; this model’s fit was poor, 

χ2(86) = 214.06, p < 0.001; CFI = 0.86; TLI = 0.80; RMSEA = 0.06 [90%CI: 0.05, 0.07]; 

SRMR = 0.06.  In addition, the weak factorial invariance model had a significantly 

poorer fit than the configural model, Δχ2(5) = 30.11, p < 0.001.  Next, a strong invariance 

model was tested.  Again, the model provided poor fit, χ2(91) = 253.25, p < 0.001; CFI = 

0.82; TLI = 0.76; RMSEA = 0.07 [90%CI: 0.06, 0.08]; SRMR = 0.07, and when 

compared to the weak invariance model, the strong invariance model was significantly 

worse, Δχ2(5) = 39.18, p < 0.001.  Last, a strict invariance model was tested, however, the 

model did not converge (Table 12).   

In addition, to further explore which specific items produced unique factor 

loadings, additional two-sample CFAs with equality constraints of individual parameter 

estimates were conducted.  As in the English measures of WM, there were two items 

produced unique factor loadings: the sentence span task, Δχ2(1) = 11.89, p < .001, that is 

part of the executive component of WM and the visual matrix task, Δχ2(1) = 9.49, p = 

.002, that is part of the visual-spatial WM component (Table 13).  
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CHAPTER 4 

DISCUSSION 

 

Working Memory in English Language Learners 

Because working memory (WM) has important implications in academics, this 

study investigated the construct of Baddeley’s model of WM (Baddeley & Logie, 1999) 

in English language learners (ELLs).  This secondary analysis of data was conducted with 

records of ELL and non-ELL students in United States southwestern schools. 

Specifically, this study asked: (1) Does the theoretical framework for working memory 

(WM) in English and Spanish fit the data for children who are English language learners 

(ELL)?, (2) Are there differences in English working memory structures between ELL 

and non-ELL groups?, and (3) Does the structure of WM for ELL children remain stable 

over time in English and Spanish?  

To examine whether the theoretical framework of WM, proposed by Baddeley, fit 

the data for the ELL students, a series of CFAs were conducted.  The three-factor model 

had adequate to good fit for the model.  When other competing models were tested (a 

two-factor model and a general WM factor), the model fits were significantly worse, 

suggesting that the proposed Baddeley model is the best fit.  However, when examining 

the fit statistics for the three-factor model once again (CFI = .95, TLI = .91 for the 

English measures, and CFI = .91, TLI = .86 for the Spanish measures), one can see that 

there is some room for improving model fit, especially for the Spanish WM measures that 

had lower goodness of fit statistics.   
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One way to improve model fit would be to alter the particular manifest variables 

used as indicator of the WM latent variables.  To examine this issue further, I used 

supplemental WM tasks that were administered to a subset of students.  The additional 

WM tasks included a rhyming words task that assed students’ auditory recall of 

acoustically similar words and a backward digit span task that involved a series of orally 

presented number that students were to repeat in reverse order.  To explore whether these 

tasks were able to improve model fit, additional CFAs were conducted that substituted 

the supplemental tasks in place of the standard WM tasks reported in Table 1.  Only one 

model with supplemental manifest variable fit significantly better than the models shown 

in Figure 1; this alternate model was the three-factor model of WM shown in Figure 5.  In 

this revised model, the central executive was measured using the conceptual span, 

listening sentence, and rhyming words tasks, and the phonological loop and visual-spatial 

sketchpad were measured identically as in previous models.  When examining the 

English WM measures, the fit of the model to data was good, CFI = 0.99; TLI = 0.99; 

RMSEA = 0.02 [90%CI: 0.00, 0.05]; SRMR = 0.03.  However, when examining the 

Spanish WM measures, the data fit was only adequate, CFI = 0.92; TLI = 0.86; RMSEA 

= 0.06 [90%CI: 0.04, 0.08]; SRMR = 0.04.  When comparing the goodness of fit statistics 

it appeared the new models that included the rhyming word task instead of the updating 

task fit better; however, the Bayesian Information Criteria (BIC) and Akaike Information 

Criteria (AIC) values were lower in the original model with the English (BIC = 14969.55, 

AIC = 14856.19) and Spanish (BIC = 14406.36, AIC = 14292.99) measures than in the 

newer models testing in using the English (BIC = 15610.15, AIC = 15496.35) and 
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Spanish (BIC = 14616.47, AIC = 14503.11) measures.  Given these findings, it appears 

that the original model that tested Baddeley’s model of WM was the best.  The results 

suggest that the theoretical framework for WM in English and Spanish fit the data for 

children who are ELLs.  Nonetheless, it appears that the English WM measures capture 

the construct of WM better than the Spanish measures in ELLs.  

In order to test whether there were differences in English WM between ELL and 

non-ELL students, various structural equation models were conducted.  First, the two 

student groups were analyzed simultaneously, then nested model comparisons were made 

in order to test other model that have various types of metric invariance constraints 

invoked.  The results from these analyses provided evidence for a strong factorial 

invariance model (also known as scalar invariance), meaning that the WM factor loadings 

and intercepts are invariant across groups.  Additional models that tested constraints on 

individual variables’ error variance found the conceptual span and updating tasks 

produced unique factor variances that varied between the ELL and non-ELL groups. The 

results suggest that latent variable structures for WM measured in English are comparable 

in ELL and non-ELL groups.  

To test whether the structure of WM for ELL children remain stable over time in 

English and Spanish measures, a multigroup structural equation modeling approach was 

again used.  The first set of analyses tested for longitudinal invariance using English WM 

measures.  The group of students used in this analyses were tested initially in 2010 then 

again 2 years later.  The results found that although the configural invariant model was 

supported, the weak factorial invariance model was not.  This suggests that differences in 
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covariances among WM variables are attributable to differences among covariances of 

the latent factor.  That is, there are differences across time in the relationships among the 

WM measures are attributable to differences across time in relationships among the latent 

variables.  Further tests indicated that the sentence span task (which is part of the central 

executive component) and the visual matrix task (which is a part of the visual-spatial 

sketchpad) produced unique factor loadings (i.e., which factors differed over time).  

Because there was lack of evidence to suggest any level of metric invariance, the models 

were tested separate.  At the time of initial testing, the three-factor model provide a good 

fit, χ2(17) = 34.05, p = 0.01; CFI = 0.95; TLI = 0.91; RMSEA = 0.05 [90%CI: 0.03, 

0.08]; SRMR = 0.04; BIC = 11438.29; AIC = 11332.55, while the model tested 2 year 

later only yielded an adequate fit, χ2(17) = 35.35, p = 0.001; CFI = 0.92; TLI = 0.87; 

RMSEA = 0.05 [90%CI: 0.03, 0.08]; SRMR = 0.04; BIC = 12950.51; AIC = 12844.77.  

This suggests that WM was initially measured more accurately, when the mean age of the 

sample was 91.52 months (SD = 10.89).   

To test whether the structure of WM for ELL children remained stable over time 

in Spanish measures, the same modeling approach was used.  As in the previous analyses 

with the English WM measures, the results showed that although the configural invariant 

model was supported, the weak factorial invariance model was not.  Further tests 

indicated that the sentence span task and the visual matrix task produced unique factor 

loadings, as it did in the English WM measures.  Because there was lack of evidence to 

suggest any level of metric invariance, the models were tested separately.  At the time of 

initial testing, the three-factor model provide a poor fit at the time of initial testing, χ2(17) 
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= 52.75, p < 0.001; CFI = 0.89; TFI = 0.80; RMSEA = 0.08 [90%CI: 0.05, 0.10]; SRMR 

= 0.05; BIC = 10925.76; AIC = 10819.95, and when students were tested 2 year later, 

χ2(17) = 51.57, p = 0.001; CFI = 0.89; TFI = 0.83; RMSEA = 0.07 [90%CI: 0.05, 0.10]; 

SRMR = 0.04; BIC = 12637.91; AIC = 12532.10.  This suggests that WM was initially 

measured more accurately, when the mean age of the sample was 91.55 months (SD = 

10.89).  The results demonstrate that the structure of WM for ELL children does not 

remain stable over time in English and Spanish measures.  This suggests that how WM is 

measured across time may be an important consideration when conducting research with 

an ELL population.  Often, researchers use the same scale for assessing a given construct 

over time; this ensures that the same construct was assessed and that the scores fall on the 

same metric.  However, the implications of these findings suggest that as participants get 

older, it may be important to ensure that developmentally appropriate measures are used 

to ensure that the same construct is being measured across time.  

Study Limitations 

Several limitations to the current study should be noted.  Three limitations will be 

discussed here.  One limitation is due to the study’s limitation to a single framework of 

WM.  Ideally, it would be interesting to be able to compare other models of WM in order 

to add validity evidence for Baddeley’s model of WM in ELLs relative to other models.  

Alternate models of WM include Cowan’s Embedding Processes Theory, Engle’s theory 

on inhibitory processes, Jonidess’s theory on the anatomical locations of different 

memory processes (Baddeley, 2012; Miyake & Shah, 1999).  However, it is important to 

note that Baddeley’s multiple-components model is the WM model most frequently used 
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by researchers in the field of education (Baddeley, 1986, 2006, 2007, 2012; Gathercole, 

1998).   

A second limitation pertains to the unique population that composes the study’s 

sample.  All subjects were recruited in southern and central California, in generally low 

SES areas.  The sample does not represent the wide diversity of ELLs in the U.S. In fact, 

our sample consists of a fairly homogeneous group of Hispanic students, mainly of 

Mexican descent, that may reflect the diversity found in Southwest border states in the 

U.S.  Thus, it may be important to consider carefully the generalizability of this study’s 

results to other groups of ELL students. 

Finally, some limitations are related to the use of SEM statistical techniques.  

Mainly, there are assumptions that should be met before using this family of techniques. 

Researchers must consider the presence of univariate and multivariate normality, having 

a sufficient sample size, and lack of outliers.  While there are tests of univariate and 

multivariate normality and methods to test for outliers, it is unclear the exact number of 

cases that are needed to adequately study the factor structure of WM.  However, because 

of the large sample size, there is likely a sufficient number of children that were sampled 

that represent the ELL student population we sampled from.  Second, the latent variable 

representing the visual-spatial sketchpad had only two manifest variables as indicators.  

Some statisticians argue that there should be at least three manifest variables for each 

latent variable in order to correctly estimate the phi matrix (Bollen, 1989).  However, no 

additional manifest variables were available for this study.   
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Future Research 

To further study the construct of WM, additional areas of research can be 

pursued.  Additional research can include studying WM psychometrics in different 

populations (aside from ELLs); this can include different age and cultural groups.  Also, 

continuing to do more factor analyses or using additional measures in the analyses would 

be helpful in finding ways to improve and investigate whether there are other models that 

may be a better fit.  Specially, this research highlights the importance of investigating 

how WM is measured across the lifespan.   

Conclusion 

Since WM has important implications in academics, this study investigated the 

construct of Baddeley’s model of WM in samples of ELL students.  This secondary 

analysis of data yielded three important findings: (1) the theoretical framework for WM 

in English and Spanish fit the data for children who are ELLs, (2) working memory 

structures measured in English are comparable in ELL and non-ELL groups, and (3) the 

structure of WM for ELL children does not remain stable over time in English and 

Spanish measure.  Taken together, this research finds that Baddeley’s model of WM is an 

adequate conceptualization for ELLs and that the construct of WM can be measured 

within both English and Spanish language systems. 

Ensuring that constructs are appropriately measured is an integral part of the 

research process, a part of the research process that is often neglected and generally 

assumed.  Merely using a translated version of an already standardized assessment is not 
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sufficient evidence that the psychometric properties are comparable across group; it is 

necessary to equate measurements across language versions and across groups.  
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Figure 1. Baddeley’s Model of Working Memory (Model 1). 
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Figure 2. Alternate Three-Factor Model of Working Memory (Model 2). 
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Figure 3. Two-Factor Model of Working Memory (Model 3). 
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Figure 4. One-Factor Model of Working Memory (Model 4). 
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Figure 5. Revised Three-Factor Model of Working Memory. 
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Table 1 

Descriptive Statistics for Research Question 1—Confirmatory Factor Analysis 

  

N Mean 
Standard 

Deviation 
Minimum Maximum 

English Measures of Working Memory 

Executive Component      

Conceptual Span 491 3.27 2.86 0.00    18.00 

Sentence Span 490 1.21     1.38 0.00 8.00 

Updating 492 2.19 1.90 0.00 9.00 

Phonological Loop      

Forward Digit Span 489 3.55 0.91 0.00 7.00 

Word Span 491 2.32 0.78 0.00 4.00 

Phonemic Word Span 492 1.20 0.69 0.00 3.00 

Visual-Spatial Sketchpad      

Visual Matrix 490 11.14 6.69 0.00    33.00 

Mapping & Directions 490 1.36 2.63 0.00    28.00 

Spanish Measures of Working Memory 

Executive Component      

Conceptual Span 483 1.91 1.85 0.00    16.00 

Sentence Span 490 0.69 0.85 0.00 6.00 

Updating 491 1.49 2.00 0.00 9.00 

Phonological Loop      

Forward Digit Span 488 3.35 0.82 0.00 5.00 

Word Span 487 1.76 0.97 0.00 4.00 

Phonemic Word Span 491 1.24 0.77 0.00 9.00 

Visual-Spatial Sketchpad      

Visual Matrix 490 11.14 6.69 0.00    33.00 

Mapping & Directions 490 1.36 2.63 0.00    28.00 
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Table 2 

Confirmatory Factor Analysis Model 1 Results for English and Spanish Working Memory 

 Factor   

Variable Executive 

Component 

Phonological 

Loop 

Visual-Spatial 

Sketchpad 

ϴϵ h2 

English Model - Factor Pattern (Standardized Results) 

Conceptual Span 0.60 (0.05)    .0    .0 0.64 (0.06) 0.36 (0.05) 

Sentence Span 0.45 (0.05)    .0    .0 0.80 (0.05) 0.20 (0.05) 

Updating 0.60 (0.05)    .0    .0 0.64 (0.06) 0.36 (0.06) 

Forward Digit Span    .0 0.67 (0.05)    .0 0.56 (0.06) 0.44 (0.06) 

Word Span    .0 0.63 (0.05)    .0 0.61 (0.06) 0.40 (0.06) 

Phonemic Word Span    .0 0.45 (0.05)    .0 0.80 (0.04) 0.20 (0.04) 

Visual Matrix    .0    .0 0.53 (0.13)  0.72 (0.14) 0.28 (0.14) 

Mapping & Directions    .0    .0 0.20 (0.07) 0.52 (0.05) 0.04 (0.03) 

English Model - Factor Correlations 

Executive Component 1.00     

Phonological Loop 0.67 1.00    

Visual-Spatial Sketchpad      0.69 0.52 1.00   

Spanish Model - Factor Pattern (Standardized Results) 

Conceptual Span 0.36 (0.06)    .0    .0 0.87 (0.04) 0.13 (0.04) 

Sentence Span 0.22 (0.05)    .0    .0 0.95 (0.02) 0.05 (0.02) 

Updating 0.48 (0.06)    .0    .0 0.77 (0.05) 0.23 (0.05) 

Forward Digit Span    .0 0.70 (0.04)    .0 0.51 (0.06) 0.49 (0.06) 

Word Span    .0 0.56 (0.05)    .0 0.69 (0.05) 0.32 (0.05) 

Phonemic Word Span    .0 0.61 (0.04)    .0 0.62 (0.05) 0.38 (0.05) 

Visual Matrix    .0    .0 0.62 (0.21) 0.62 (0.26) 0.38 (0.26) 

Mapping & Directions    .0    .0 0.17 (0.07) 0.97 (0.03) 0.03 (0.03) 

Spanish Model - Factor Correlations 

Executive Component 1.00     

Phonological Loop 0.99 1.00    

Visual-Spatial Sketchpad      0.71 0.35 1.00   

Note. English Model Fit: χ2(17) = 39.60, p = 0.002; CFI = 0.95; TLI = 0.91; RMSEA = 0.05 

[90%CI: 0.03, 0.07]; SRMR = 0.04. Spanish Model Fit: χ2(17) = 52.65, p < 0.001; CFI = 0.91; 

TLI = 0.86; RMSEA = 0.06 [90%CI: 0.05, 0.09]; SRMR = 0.04.  
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Table 3 

Confirmatory Factor Analysis Model 2 Results for English and Spanish Working Memory 

 Factor   

Variable Executive 

Component 

Phonological 

Loop 

Visual-Spatial 

Sketchpad 

ϴϵ h2 

English Model - Factor Pattern (Standardized Results) 

Conceptual Span 0.54 (0.08) 0.37 (0.05)    .0 0.57 (0.08) 0.43 (0.09) 

Sentence Span 0.48 (0.08) 0.22 (0.06)    .0 0.73 (0.07) 0.28 (0.07) 

Updating 0.29 (0.06) 0.49 (0.05)    .0 0.68 (0.05) 0.32 (0.05) 

Forward Digit Span    .0 0.68 (0.04)    .0 0.54 (0.06) 0.46 (0.06) 

Word Span    .0 0.62 (0.04)    .0 0.61 (0.06) 0.39 (0.06) 

Phonemic Word Span    .0 0.45 (0.05)    .0 0.80 (0.04) 0.20 (0.04) 

Visual Matrix    .0   .0 0.51 (0.13)  0.74 (0.13) 0.26 (0.13) 

Mapping & Directions    .0   .0 0.21 (0.07) 0.96 (0.03) 0.04 (0.03) 

English Model - Factor Correlations 

Executive Component 1.00     

Phonological Loop 0.00 1.00    

Visual-Spatial Sketchpad      0.48 0.52 1.00   

Spanish Model - Factor Pattern (Standardized Results) 

Conceptual Span 0.37 (0.27)   0.36 (0.06)    .0 0.73 (0.20) 0.27 (0.20) 

Sentence Span 0.27 (0.20)   0.21 (0.05)    .0 0.89 (0.11) 0.12 (0.11) 

Updating 0.03 (0.14)   0.50 (0.05)    .0 0.75 (0.05) 0.25 (0.05) 

Forward Digit Span    .0 0.69 (0.04)    .0 0.53 (0.06) 0.47 (0.06) 

Word Span    .0 0.58 (0.05)    .0 0.67 (0.05) 0.33 (0.05) 

Phonemic Word Span    .0 0.61 (0.04)    .0 0.63 (0.05) 0.37 (0.05) 

Visual Matrix    .0    .0 0.60 (0.21) 0.65 (0.25) 0.35 (0.25) 

Mapping & Directions    .0    .0 0.18 (0.08) 0.97 (0.03) 0.03 (0.03) 

Spanish Model - Factor Correlations 

Executive Component 1.00     

Phonological Loop 0.00 1.00    

Visual-Spatial Sketchpad      0.25 0.43 1.00   

Note. English Model Fit: χ2(15) = 23.80, p = 0.07; CFI = 0.98; TLI = 0.96; RMSEA = 0.04 

[90%CI: 0.00, 0.06]; SRMR = 0.03. Spanish Model Fit: χ2(15) = 54.04, p < 0.001; CFI = 0.91; 

TLI = 0.82; RMSEA = 0.07 [90%CI: 0.05, 0.09]; SRMR = 0.04.  
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Table 4 

Confirmatory Factor Analysis Model 3 Results for English and Spanish Working Memory 

 Factor   

Variable Executive 

Component 

Storage 

Component 

ϴϵ h2 

English Model - Factor Pattern (Standardized Results) 

Conceptual Span 0.59 (0.06)     .0 0.65 (0.06) 0.35 (0.06) 

Sentence Span 0.44 (0.05)     .0 0.81 (0.05) 0.19 (0.05) 

Updating 0.62 (0.05)     .0 0.62 (0.06) 0.38 (0.06) 

Forward Digit Span    .0 0.64 (0.04) 0.59 (0.06) 0.41 (0.06) 

Word Span    .0 0.61 (0.04) 0.63 (0.05) 0.37 (0.05) 

Phonemic Word Span    .0 0.46 (0.05) 0.79 (0.04) 0.21 (0.04) 

Visual Matrix    .0 0.33 (0.05)     0.89 (0.03) 0.11 (0.03) 

Mapping & Directions    .0 0.17 (0.06) 0.97 (0.02) 0.03 (0.02) 

English Model - Factor Correlations 

Executive Component 1.00    

Visual-Spatial Sketchpad 0.73 1.00   

Spanish Model - Factor Pattern (Standardized Results) 

Conceptual Span 0.37 (0.06)     .0 0.87 (0.04) 0.13 (0.04) 

Sentence Span 0.22 (0.05)     .0 0.95 (0.02) 0.05 (0.03) 

Updating 0.48 (0.06)     .0 0.77 (0.05) 0.23 (0.05) 

Forward Digit Span    .0 0.66 (0.04) 0.56 (0.06) 0.44 (0.06) 

Word Span    .0 0.59 (0.04) 0.65 (0.05) 0.35 (0.05) 

Phonemic Word Span    .0 0.60 (0.04) 0.65 (0.05) 0.35 (0.05) 

Visual Matrix    .0 0.28 (0.05)     0.92 (0.03) 0.08 (0.03) 

Mapping & Directions    .0 0.10 (0.05) 0.99 (0.01) 0.01 (0.01) 

Spanish Model - Factor Correlations 

Executive Component 1.00    

Visual-Spatial Sketchpad 0.99 1.00   

Note.  English Model Fit: χ2(19) = 51.83, p = 0.0001; CFI = 0.92; TLI = 0.89; RMSEA = 0.06 

[90%CI: 0.04, 0.08]; SRMR = 0.04. Spanish Model Fit: χ2(19) = 64.63, p < 0.001; CFI = 0.89; 

TLI = 0.84; RMSEA = 0.07 [90%CI: 0.05, 0.09]; SRMR = 0.04. 
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Table 5 

Confirmatory Factor Analysis Model 4 Results for English and Spanish Working Memory 

 Factor   

Variable Working Memory ϴϵ h2 

English Model - Factor Pattern (Standardized Results) 

Conceptual Span 0.52 (0.05) 0.73 (0.05) 0.27 (0.05) 

Sentence Span 0.37 (0.05) 0.86 (0.04) 0.14 (0.04) 

Updating 0.57 (0.04) 0.67 (0.05) 0.33 (0.05) 

Forward Digit Span 0.59 (0.04) 0.65 (0.05) 0.35 (0.05) 

Word Span 0.55 (0.05) 0.70 (0.05) 0.30 (0.05) 

Phonemic Word Span 0.43 (0.05) 0.81 (0.04) 0.19 (0.04) 

Visual Matrix 0.35 (0.05)     0.88 (0.04) 0.12 (0.04) 

Mapping & Directions 0.16 (0.05) 0.98 (0.02) 0.03 (0.02) 

Spanish Model - Factor Pattern (Standardized Results) 

Conceptual Span 0.38 (0.05) 0.85 (0.04) 0.15 (0.04) 

Sentence Span 0.23 (0.05) 0.95 (0.02) 0.05 (0.03) 

Updating 0.50 (0.04) 0.75 (0.04) 0.25 (0.04) 

Forward Digit Span 0.67 (0.04) 0.55 (0.05) 0.45 (0.05) 

Word Span 0.59 (0.04) 0.65 (0.05) 0.35 (0.05) 

Phonemic Word Span 0.60 (0.04) 0.64 (0.05) 0.36 (0.05) 

Visual Matrix 0.28 (0.05)     0.92 (0.03) 0.08 (0.03) 

Mapping & Directions 0.10 (0.05) 0.99 (0.01) 0.01 (0.01) 

Note.  English Model Fit: χ2(20) = 74.99, p < 0.001; CFI = 0.87; TLI = 0.82; RMSEA = 0.08 

[90%CI: 0.06, 0.09]; SRMR = 0.05. Spanish Model Fit: χ2(20) = 65.09, p < 0.001; CFI = 0.89; 

TLI = 0.85; RMSEA = 0.07 [90%CI: 0.05, 0.09]; SRMR = 0.04. 
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Table 6 

 

Descriptive Statistics for Research Question 2—Multigroup Analysis 

  

N Mean 
Standard 

Deviation 

 

 

N Mean 
Standard 

Deviation 

 ELL Students  Non-ELL Students 

Executive Component        

Conceptual Span 84 2.82 2.73  328 4.24 3.65 

Sentence Span 86 0.70 0.92  330 0.97 0.95 

Updating 83 3.47 3.01  330 5.85 4.23 

Phonological Loop        

Forward Digit Span 87 3.17 0.95  330 3.24 0.94 

Word Span 88 2.35 0.77  333 2.81 0.81 

Phonemic Word Span 88 1.08 0.78  334 1.37 0.75 

Visual-Spatial Sketchpad        

Visual Matrix 85 12.25 8.34  325 11.34 7.81 

Mapping & Directions 87 3.16 4.13  337 3.85 4.30 

Note.  These are English measures of working memory.  
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Table 7 

 

Summary of Test Results from Nested Model Comparisons of ELL and Non-ELL Groups 

 

Model  
 

x2 
 

df 
 

Δx2 
 

Δdf 
 

p 
 

RMSEA 
 

CFI 
 

TLI 

Configural 

Invariance 

Pooled Three Factor  

Model 

 

48.286 34 --- --- --- 

 

 

.044 

 

 

.921 

 

 

.870 

Weak Invariance 

Three Factor Model  

with Factor Loadings 

held Invariant 

 

54.231 39 5.945 5 .312 .043 .916 .879 

Strong Invariance 

Three Factor Model 

with  Factor Loadings 

and Intercepts held 

Invariant 

 

60.708 44 6.477 5 .263 .042 .908 .883 

Strict Invariance  

Three Factor Model 

with Factor Loadings, 

Intercepts, and Error 

Variances held 

Invariant 

87.745 52 27.037 8 .001 .057 .803 .788 

Note. N = 427 (nNonELL = 339, nELL = 88). RMSEA = Root mean square error of 

approximation; CFI = Comparative fit index; TLI = Tucker-Lewis index. 
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Table 8 

 

Unique Error Variance Comparisons Between ELL and Non-ELL Groups 

 

 
 

x2 
 

df 
 

Δx2 
 

Δdf 
 

p 

Executive Component      

Conceptual Span 75.664 45 14.956 1  .0001* 

Sentence Span 61.076 45   0.368 1  .5440 

Updating 69.817 45   9.109 1  .0025* 

Phonological Loop      

Forward Digit Span 62.875 45   2.167 1 .1410 

Word Span 60.901 45   0.193 1 .6604 

Phonemic Word Span 60.739 45   0.031 1 .8602 

Visual-Spatial Sketchpad      

Visual Matrix 61.558 45   0.850 1 .3565 

Mapping & Directions 60.865 45   0.157 1 .6919 

Note. Data compared to the strong invariance model, χ2=60.708, df = 44. 

*p < .01. 
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Table 9 

 

Descriptive Statistics for Research Question 3—Longitudinal Invariance 

  

N Mean 
Standard 

Deviation 

 

 

N Mean 
Standard 

Deviation 

English Working Memory Measures 

 Wave 1  Wave 3 

Executive Component        

Conceptual Span 371 3.49 3.04  371 4.36 3.34 

Sentence Span 371 1.29 1.47  371 2.23 2.05 

Updating 371 2.24 1.93  371 3.25 2.27 

Phonological Loop        

Forward Digit Span 371 3.62 0.86  371 4.02 0.89 

Word Span 371 2.37 0.76  371 2.84 0.74 

Phonemic Word Span 371 1.24 0.69  371 1.61 0.77 

Visual-Spatial Sketchpad        

Visual Matrix 371 11.54 6.57  371 17.70 8.34 

Mapping & Directions 371 1.42 2.84  371 6.37 7.50 

Spanish Working Memory Measures 

 Wave 1  Wave 3 

Executive Component        

Conceptual Span 371 1.95 1.83  371 3.11 2.26 

Sentence Span 371 0.72 0.87  371 1.53 1.83 

Updating 371 1.60 2.06  371 2.56 2.53 

Phonological Loop        

Forward Digit Span 371 3.38 0.82  371 3.70 0.82 

Word Span 371 1.83 0.83  371 2.13 0.86 

Phonemic Word Span 371 1.24 0.78  371 1.64 0.74 

Visual-Spatial Sketchpad        

Visual Matrix 371 11.54 6.57  371 17.70 8.34 

Mapping & Directions 371 1.42 2.84  371 6.37 7.50 
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Table 10 

 

Summary of Test Results from Nested Model Comparisons of English WM Over Time 

 

Model  
 

x2 
 

df 
 

Δx2 
 

Δdf 
 

p 
 

RMSEA 
 

CFI 
 

TLI 

Configural 

Invariance 

Pooled Model 

 

147.615 81 --- --- --- 

 

 

.047 

 

 

.919 

 

 

.880 

Weak Invariance 

Model with Factor 

Loadings held 

Invariant 

 

165.597 86 17.982 5 .003 .050 .903 .865 

Strong Invariance 

Model with Factor 

Loadings and 

Intercepts held 

Invariant 

 

181.225 91 15.628 5 .008 .052 .890 .856 

Strict Invariance*  

Model with Factor 

Loadings, 

Intercepts, and 

Error Variances 

held Invariant 

 

--- 

 

--- 

 

--- 

 

--- 

 

--- 

 

--- 

 

--- 

 

--- 

Note. N = 371. RMSEA = Root mean square error of approximation; CFI = Comparative 

fit index; TLI = Tucker-Lewis index. 

*This model did not converge. 
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Table 11 

 

Unique Factor Loading Comparisons in English WM Measures in Year 1 and Year 3 

 

 
 

x2 
 

df 
 

Δx2 
 

Δdf 
 

p 

Executive Component      

Conceptual Span --- --- --- --- --- 

Sentence Span 152.028 82 4.431 1 .035* 

Updating 147.721 82 0.106 1    .745  

Phonological Loop      

Forward Digit Span --- --- --- --- --- 

Word Span 148.151 82 0.536 1 .464 

Phonemic Word Span 147.699 82 0.084 1 .772 

Visual-Spatial Sketchpad      

Mapping & Directions  --- --- --- --- --- 

Visual Matrix 159.157 82 11.542 1 <.001* 

Note. Data compared to the configural model, χ2= 147.615, df = 34. 

*p < .05. 
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Table 12 

 

Summary of Test Results from Nested Model Comparisons of Spanish WM Over Time 

 

Model  
 

x2 
 

df 
 

Δx2 
 

Δdf 
 

p 
 

RMSEA 
 

CFI 
 

TLI 

Configural 

Invariance 

Pooled Model 

 

183.954 81 
 

--- 

 

--- 

 

--- 

 

.059 

 

.886 

 

.831 

Weak Invariance 

Model with Factor 

Loadings held 

Invariant 

 

214.062 86 30.108 5 <.001 .063 .858 .802 

Strong Invariance 

Model with Factor 

Loadings and 

Intercepts held 

Invariant 

 

253.245 91 39.183 5 <.001 .069 .820 .763 

Strict Invariance*  

Model with Factor 

Loadings, 

Intercepts, and 

Error Variances 

held Invariant 

 

--- 

 

--- 

 

--- 

 

--- 

 

--- 

 

--- 

 

--- 

 

--- 

Note. N = 371. RMSEA = Root mean square error of approximation; CFI = Comparative 

fit index; TLI = Tucker-Lewis index. 

*This model did not converge. 
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Table 13 

 

Unique Factor Loading Comparisons in Spanish WM Measures in Year 1 and Year 3 

 

 
 

x2 
 

df 
 

Δx2 
 

Δdf 
 

p 

Executive Component      

Conceptual Span --- --- --- --- --- 

Sentence Span 195.840 82 11.886 1 <.001* 

Updating 184.653 82 .699 1 .403 

Phonological Loop      

Forward Digit Span --- --- --- --- --- 

Word Span 184.704 82 .750 1 .386 

Phonemic Word Span 183.955 82 .001 1 .975 

Visual-Spatial Sketchpad      

Mapping & Directions  --- --- --- --- --- 

Visual Matrix 193.441 82 9.487 1 .002* 

Note. Data compared to the configural model, χ2 = 183.954, df = 81. 

*p < .05. 

 

 

 

 

 

 

 

 

 

 

 

 

 




