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Abstract 

 This study investigated the cognitive flexibility trajectories of children in grades 

kindergarten through fifth grade. The study utilized the longitudinal data from the Early 

Childhood Longitudinal Study, Class of 2010-2011 (ECLS-K:2011) to conduct latent 

class growth analysis and growth mixture models to better understand cognitive 

flexibility changes over time.  

 A diverse sample of 14,173 children from 970 schools from the ECLS-K:2011 

dataset was included. The findings suggested that cognitive flexibility (CF) development 

has multiple growth trajectories, depending on students’ initial levels of CF (their 

intercept) and their rate of change (slope). Results indicated that a model with five 

trajectories, or classes, best fit the data, although most of the sample (81.2%) belonged to 

one class. Those with higher socioeconomic status typically performed better, especially 

for initial cognitive flexibility levels. Speech and language deficits were also found to 

increase the probability of being in both an at-risk trajectory class (54%) and remediated 

class (28%). Both of these classes contained individuals whose initial starting cognitive 

flexibility was well below expected levels. These findings support the idea that a single 

growth curve would not fully take into account all children’s growth trajectories of where 

they began and their rate of change.   It also includes supporting evidence that a deficit of 

speech and language skills increases the probability that a student will struggle 

significantly with CF skills.  Implications include points for building CF skills for 

elementary students, possible interventions, and educational policy regarding speech and 

language skills as well as socioeconomic status.  



 

 

 

Chapter 1: Introduction 

  A second-grade student must listen to a teacher’s directions while simultaneously 

inhibiting the sound of other students talking behind him or her. That child must keep the 

information in memory while moving about the classroom to prepare for the current 

assignment. The child may have to be able to take a deep breath or appropriately verbally 

express dislike as another student accidentally bumps into him or her. The child then 

needs to return back to the original task and remember the multiple steps needed to 

complete the assignment. The child must do these things while inhibiting inner thoughts 

of what the child may see, hear, smell, and feel. All of these skills, which involve 

executive functioning capacities, are needed to be a successful student in the classroom. 

Executive functions (EF) refer to an umbrella term of inter-related mental processes that 

are responsible for purposeful, goal-directed behavior (Best & Miller, 2010).  

 Recent research has proposed three dimensions that are frequently highlighted 

within the domain of executive functions: working memory, inhibitory control, and 

cognitive flexibility (Huizinga et al., 2006; Lehto et al., 2003; Miyake et al., 2000). 

Working memory is the capacity to hold and manipulate information in our minds over 

short periods of time (Baddeley & Hitch, 1994). For example, it allows children to 

remember and connect information from one paragraph to the next while reading. 

Inhibitory control is a skill that allows us to master and filter our thoughts and impulses 

so that we can resist temptations, distractions, and habits (Diamond & Taylor, 1996). 

This allows us to pause and think before we act, as well as use selective, focused, and 

sustained attention. A child may use this skill to play a game like Simon Says or to wait 

until he/she is called on to answer a question. Cognitive flexibility is the ability to easily 
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switch gears and adjust to changed demands, priorities, or perspectives (Davidson et al., 

2006; Garon et al., 2008). Cognitive flexibility can also be defined as the ability to cue a 

change of focus or the alteration of perceptions, emotions, thoughts, or actions in reaction 

to an internal or external stimulus. This may allow a child to understand the difference 

between inside and outside voices or to try a different strategy when working out a 

conflict with another child. An important aspect of executive function(s) is that these 

dimensions do not usually occur independently in real life situations. Instead, these three 

functions work together to produce competent executive functioning (Diamond & Taylor, 

1996).  

 We are born with the potential to develop these capacities. Our genes provide the 

blueprint, but our experiences during infancy, early childhood, and into adolescence help 

to develop these abilities. These abilities develop through practice and are strengthened 

by experiences (Rothbart et al., 2006). A challenge to understanding executive functions 

in children is that these skills develop rapidly through childhood and that the progression 

is not always linear but occurs in spurts. To complicate it further, different components of 

executive functions appear to develop different trajectories. For example, inhibitory 

control grows rapidly through the preschool years but then slows as children age. This is 

in contrast to both working memory and cognitive flexibility which are thought to 

develop in a linear fashion from around the age of four until adolescence (Morgan et al., 

2019). Since executive functions are dependent on the development of the frontal lobes, it 

has been proposed that executive functioning capabilities will demonstrate improvement 

that is aligned with neurophysiological developments within the prefrontal cortex 

(Anderson, 2002). 
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Neurocognitive Skills 

 The three skills that have been most commonly cited as executive functions (i.e., 

working memory, inhibition, and cognitive flexibility) depend on increasingly understood 

neural circuits involving components of the prefrontal cortex (PFC) and other areas of the 

brain. Due to this, these three skills can be identified as neurocognitive skills (Zelazo & 

Lee, 2010). Neurocognitive skills are then required to be able to engage in the goal-

directed control of thought, action, and emotion. This goal-directed control in turn is then 

needed for various kinds of behavior. These behaviors imply the use of EF skills but are 

not that same as those skills. The behaviors may be more commonly displayed by 

individuals with a certain temperamental or personality characteristic. A figure of 

neurocognitive skills and associated temperaments, personalities, and goal directed 

behaviors is found in Appendix A. 

 EF can be further understood by separating it from other similar, partially 

overlapping constructs. EF skills can be related to but different from the term 

intelligence. For example, EF skills tend not to be as related to crystallized intelligence, 

which is based on facts or knowledgebase. This is in contrast to fluid intelligence, with 

which EF overlaps greatly due to the similar tasks needed of making predictions, 

identifying patterns, and drawing logical conclusions (Duncan et al., 1995). 

 EF skills can also overlap with the construct of self-regulation or social-emotional 

learning. Self-regulation is a broad term that can be defined in many ways but includes 

how people adjust their behavior. EF skills are only involved when self-regulation is 

deliberate and a conscious effort, where the individual is decisively changing their 

behavior in order to attain their goal (Blair & Raver, 2014).   
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Executive Functions and Achievement  

  Teachers are very aware of needed executive functioning abilities in the 

classroom. It is often on tasks in the classroom that include demands on executive 

functions where deficits are first noticed (Brouwers & Tomic, 2000). Teachers may note 

difficulties with paying attention, managing emotions, completing tasks, and 

communicating wants and needs verbally as important factors affecting whether or not a 

child may succeed in school (Zelazo, 2004). It is these important skills that allow for a 

student to be successful in education, and research has strongly shown a link between 

executive functioning and academic functioning. Executive functioning capabilities 

assessed in early childhood (either directly or indirectly through teacher ratings) have 

been found to predict school readiness for both math and reading (Espy et al., 2004; 

McClelland et al., 2007; Morrison et al., 2010; St. Clair-Thompson & Gathercole, 2006; 

Sung & Wickrama, 2018; Ursache et al., 2012), overall school achievement (Clark et al., 

2010; Mazzocco & Kover, 2007), grades (Duckworth & Seligman, 2005), high school 

completion (Vitaro et al., 2005), and college graduation (McClelland et al., 2013). EF 

abilities appear to be even more important for school readiness than global cognitive 

scores or entry level reading or math (Blair & Razza, 2007; Brown & Landgraf, 2010; 

Davis et al., 2010; Morrison et al., 2010). Further, executive functioning abilities predict 

both reading and math competence throughout the school years (Borella et al., 2010, 

Duncan et al., 2017; Gathercole et al., 2004).  

Clark et al. (2010) studied 104 children on measures of inhibition, working 

memory, and cognitive flexibility. They measured the children at 4 years of age on these 

executive functioning abilities to assess how much executive functioning predicted math 
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achievement at the age of 6. The study showed EF abilities assessed in preschool 

accounted for a large percentage of the variance of the children’s mathematical 

achievement at 6 years of age. EF abilities that were assessed at preschool have also 

predicted long term outcomes. For example, McClelland et al. (2013) found that 

children’s attention persistence at age 4 significantly predicted reading and math 

outcomes at age 21 and college completion by age 25. Also, a recent study that utilized 

the Early Childhood Longitudinal Study - Kindergarten Cohort of 2011 (ECLS-K:2011) 

and included a large sample of children (N= 11,010), found that deficits in EF abilities at 

kindergarten did increase children’s risk of experiencing academic difficulties from 

kindergarten through third grade. Specifically, these deficits increased their likelihood of 

being in the at-risk growth trajectory for reading, mathematics, and science (Morgan et 

al., 2019).  

 Research has also linked EF capabilities to a wide range of general outcomes 

(Baler & Volkow, 2006; Barch, 2005; Diamond, 2005; Fairchild et al., 2009; Lui & 

Tannock, 2007; Penades et al., 2007; Taylor-Tavares et al., 2007). Poor executive 

functioning abilities are associated with obesity, overeating, substance abuse, and poor 

treatment adherence (Crescioni et al., 2011; Miller et al., 2011; Riggs et al., 2010). Also, 

weak executive functioning has been linked to poor productivity, and difficulty finding 

and keeping a job (Bailey, 2007). Poor executive functions lead to social problems that 

include reckless behavior, violence, and emotional outbursts (Broidy et al., 2003; Denson 

et al., 2011). On the other side of the spectrum, people with strong executive functioning 

competence tend to have a better quality of life (Blair & Razza, 2007).   
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 General EF abilities have been cited in numerous studies to have an impact on 

academic achievement, as well as in many other areas of life. However, cognitive 

flexibility specifically has also been noted to have a significant impact on a student's 

ability to be successful.  Cognitive flexibility deficits are thought to reduce a student's 

abilities to shift their attention across learning tasks. For example, a student may struggle 

to switch their attention to a new topic being covered in a lecture or book the student is 

reading (Zelazo et al., 2016). 

Cognitive Flexibility Interventions 

 Research suggests that EF is highly malleable during childhood (Diamond et al., 

2007). The favorable effects of interventions targeting social and emotional learning have 

found to be largely mediated by experience-induced improvements in EF and 

particularly, cognitive flexibility (Riggs et al., 2006).  

 To demonstrate how malleable cognitive flexibility can be, studies have been 

completed to assess how effective interventions are when cognitive flexibility is targeted. 

Research on reflection training has shown that it can improve cognitive flexibility skills. 

In one study completed by Espinet et al. (2013), children who had failed the Dimensional 

Change Card Sort (DCCS), a measure of cognitive flexibility, were given reflection 

training, and showed marked improvements compared to the control groups (i.e., these 

included DCCS practice with no feedback at all, DCCS practice with only minimal 

yes/no corrective feedback). The children were taught during a 15-minute session to 

pause before responding, reflect on the hierarchical nature of the task, and formulate 

higher order rules for responding. Improvements on following assessments of the DCCS 

were significant for the reflection group, and larger than those seen with corrective 
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feedback or practice. Moriguchi et al. (2015) also had children, 3 to 5 years old, practice 

on the DCCS but then also teach the rules to a puppet. The authors argued that teaching is 

a form of reflection training in that it requires review of what is being taught. Children 

who had received this training displayed significant improvement on the DCCS 

compared to the control group.  

Speech and Language Skills and Their Impact on Cognitive Flexibility 

 Current research generally supports the fundamental ideas of Vygotsky (1986) 

and Luria (1959, 1961) regarding the importance of verbal processes in the utilization and 

development of self-regulation and executive functioning capabilities. For example, with 

age, children increasingly use verbalization as a strategy to maintain task information in 

mind (Karbach & Kray, 2007), and blocking the use of inner speech disrupts cognitive 

control in children and adults (Emerson & Miyake, 2003).  

Flexibility is considered an important aspect of human cognition and behavior 

(Fausey et al., 2010) and has often been considered in earlier models of intelligence and 

creativity (Guilford, 1982). As we reflect on our own inner experience, most people 

report that it has a verbal quality (Baars et al., 2003). This can also be referred to as 

verbal thinking, inner speaking, or inner speech. Additionally, inner speech has been 

proposed to have an integral role in the self-regulation or cognition and behavior of both 

children and adults.  The concept of inner speech is sometimes used interchangeably with 

thinking. However, this definition and past research in this area has been difficult due to 

methodological issues. Although it is an area difficult to study, inner speech dysfunction 

has been implicated in numerous psychiatric and developmental disorders (Emerson & 

Miyake, 2003).  
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 There is mounting evidence that inner speech plays an increasingly prominent 

role in supporting cognitive operations during childhood. Much of the work in this area 

has come from the studies of cognitive flexibility and planning. The ability to represent 

linguistic rules to guide and support flexible behavior has been proposed to be an integral 

part of executive functioning development (Zelazo et al., 2004; Zelazo et al., 2003). 

Younger children (3-5 year olds) appear to benefit from the prompt to use verbal labels, 

both on switching tasks (cognitive flexibility) and in other contexts, suggesting a lack of 

spontaneous inner speech use at younger ages (Zelazo et al., 2003).  

 There is also research that has been completed with adults that support inner 

speech’s role in task switching or cognitive flexibility (Baddeley et al., 2001). Emerson 

and Miyake (2003) completed a study to compare switching performance across a range 

of experiments using articulatory suppression (the process of inhibiting inner speech) and 

a foot-tapping control. Utilizing articulatory suppression consistently disrupted 

performance by increasing the switch cost (how long it takes to switch) between trials 

requiring different rules. This suggests that inner speech acted as a tool to prepare for 

transitions between trials. This effect was also impacted by the types of task cues used. 

Task conditions with explicit cues reduced the effect of articulatory suppression. This 

suggests that inner speech is not required when task materials adequately supported the 

required mode of response. However, task difficulty did not make a difference to the 

articulatory suppression effect. These results suggest that inner speech supported 

performance by acting as a mnemonic cue for how to respond, especially when cues were 

lacking in the task itself.  
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 To further explore this, Miyake et al. (2004) completed a follow up study 

comparing the switch costs for color or shape judgment tasks with the explicit full word 

(e.g., SHAPE) or a less transparent, single letter (S…) cues. Articulatory suppression 

increased the switch costs for the single letter but not the full word. The results indicate 

that blocking inner speech only mattered when inner speech was needed to complete the 

cues of the task. 

 There is mounting evidence that children with speech and/or language impairment 

(SLI) display deficits beyond that of only the linguistic domain. Students with SLI 

typically have a delay in their oral language development that may present as either a 

receptive language (i.e., what they understand of language) deficit or expressive language 

(i.e., articulation, vocabulary) deficit (Crosbie et al., 2009). Students with a SLI often also 

have executive functioning and more specifically, cognitive flexibility deficits as well. A 

meta-analysis that included 46 studies found that there were reliable differences between 

children with and without SLI; children with a SLI consistently performed below that of 

their typical peers on measures of cognitive flexibility (Pauls & Archibald, 2016). 

 Cognitive flexibility deficits have also been cited in many disabilities and 

disorders that interfere with learning, for example, a specific learning disability (Geary, 

2012, autism spectrum disorder (O’Hearn et al., 2008), conduct disorder (Zelazo et al., 

2016) obsessive-compulsive disorder (Pietrefesa & Evans, 2007), and attention-deficit 

hyperactivity disorder (Castellanos et al., 2006). Related, these disabilities and disorders 

have also been connected to language difficulties in some way or another but especially 

inner speech dysfunction. For example, use of internalized speech has been shown to help 

children regulate their behavior and decrease outbursts. Also, children with behavioral 
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problems often have difficulties with cognitive rigidity (lack of cognitive flexibility) 

leading to poor frustration tolerance and an ability to adapt to new situations.  

 Current Study 

This was a study regarding the growth of cognitive flexibility skills in elementary 

aged children, with a particular focus on examining the influence of speech and language 

skills on cognitive flexibility. This study sought to understand the longitudinal 

trajectories or growth of students’ cognitive flexibility skills over time. Longitudinal 

trajectories take into account both intercept (baseline or where the student started) and 

their specific rate of growth (slope) over time. Students may be placed into classes by 

their similar baseline and rate of growth scores. Specifically, this study examined the 

following hypotheses:   

1a. Children's cognitive flexibility scores will increase over time; however, not all 

children will develop at the same pace. Based on previous research and theory, it was 

expected that there would be four classes. Previous research conducted utilizing the same 

database as this study detected 4 classes each for reading, mathematics, and science 

scores. For example, in the previous study, Class 1, the at risk or repeated academic 

difficulty class, contained about 6% of the sample, and typically scored two standard 

deviations below the mean in first grade and then further declined until third grade. This 

was in contrast with Class 4, which contained about 30% of the sample and maintained 

an above average trajectory or one standard deviation above the mean from first to third 

grade. Class 2 and Class 3 remained slightly below and slightly above average, 

respectively. Research has also connected EF skills and academic achievement over 

multiple studies discussed previously and due to this, it was expected that there would be 
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the same number of classes for academic outcomes, as well as cognitive flexibility 

(Morgan et al., 2019).   

1b.  The at-risk class will have a lower baseline cognitive flexibility score (or 

intercept) as well as a slower rate of change (or slope) as compared to the other three 

classes that will either have a higher intercept and/or faster rate of change.      

2. Children identified with a speech and language difficulty, as assessed by the 

preLAS language screener, will be more likely to be in the at-risk class of cognitive 

flexibility. The at-risk class will be defined as the class with the lower baseline (or 

intercept) as well as slower rate of change (or slope). 
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Chapter 2: Literature Review 

 

 The following discussion reviews the literature on executive functions, as well as 

cognitive flexibility. First, the theoretical underpinnings of executive functions and 

cognitive flexibility research are presented, followed by a discussion of the neuroanatomy 

involved.  Finally, the relationship of having a speech and language deficit with cognitive 

flexibility development is discussed.  

Theory of Executive Functioning and Cognitive Flexibility 

 Multiple models have been proposed to account for EF. Existing models of EF 

that will be further elaborated below typically fall under two broad types: 

representational models focus on the kind of representations students can hold and the 

following executive control made possible by these abilities. Componential models 

consider EF as consisting of a group of correlated but separable cognitive processes that 

work together to create executive control. There is also the common distinction made in 

the research between unified and diverse models of EF. There can be overlap with 

representational/componential models, but it is not exact. Those who support unified 

models (similar to representational models) believe in a single unified EF process that 

underlies cognitive and response control, but proponents of diverse models (similar to 

componential models) claim that there are multiple dissociable EF processes (Jacques & 

Marcovitch, 2010).  

In the past, EF has not been a well-defined construct. Related, EF has often been 

described as including a broad and diverse number of processes that direct thinking and 

behavior (Zelazo et al., 1997). Efforts to study executive functioning have increased in 

the past twenty years. These investigations into executive functioning have begun to 
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clarify its precise nature. A few researchers, in the past, have considered it a single entity, 

similar on a conceptual level to general intelligence factor g (Duncan at al., 1995). 

However, many now look at executive functions as a unitary construct that includes 

relatively independent subfunctions (Baddeley, 1996; Miyake et al., 2000). Miyake et 

al.’s (2000) study proposed that the taxonomy of executive functioning consists of, at 

least, three basic functions: shifting (i.e., cognitive flexibility), updating (i.e., working 

memory), and inhibition. These three functions are required in different degrees in 

complex frontal lobe or executive functioning tasks. Miyake et al. used confirmatory 

factor analysis to indicate that these three skills are moderately correlated but also 

separable; this recognizes the importance of considering executive functions as both 

unified and diverse.   

Unity and diversity (componential model) 

 Since the Miyake et al. (2000) study, many have looked to reproduce these results 

(e.g., Brydges et al., 2014; Duan et al., 2010; Friedman et al., 2006; Huizinga et al., 2006; 

Lee et al., 2013; Lehto et al., 2003; Miller et al., 2011; Rose et al., 2012; Usai et al., 

2014). Many have found that at younger ages, executive functions remain unitary in 

nature (i.e., the three components of working memory, inhibition, and cognitive 

flexibility are not separated) and a two or three factor model does not fit. However, by the 

age of 9 to 10, executive functions begin to diversify and two or three factor models fit 

the data better than a unitary model.  Brydges et al. (2014) looked at 135 children (ages 

10 to 12 years) using measures that included working memory, cognitive flexibility, and 

inhibition. They assessed the children twice over a two-year period to determine if any 

changes in the structure of executive function occur in this age range. Longitudinal factor 
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analyses showed that the structure of executive functions significantly differed between 

testing times, and that the factor structure of executive functions changed from a one-

factor (i.e., unitary) model at age 10 to a two-factor model at age 12, where working 

memory was separable yet related to an inhibition/shifting factor. Another study (Lee et 

al., 2013) assessed 688 children (6 to 15 years old) annually on tasks that included 

updating and working memory, inhibition, and switch efficiency. Tests for longitudinal 

factorial invariance indicated that the data from the 6- to 13-year-olds conformed to a 

two-factor structure. For the 15-year-olds, a separated, three-factor structure was 

indicated. Also, in support of this theory, Lehto et al. (2003) assessed 108 children on 

similar tasks that measured working memory, inhibition, and CF. Both exploratory and 

confirmatory factor analysis presented three inter-related factors, which resembled those 

obtained by Miyake et al. (2000). These findings also support the view of executive 

functions being both unified and diverse. The three constructs of EF were chosen in the 

Miyake et al. (2000) study because they were common in the literature and could be 

utilized to examine the questions of unity and diversity. However, the model is not to be 

considered comprehensive and there are possibly more EF skills to be considered 

(Friedman & Miyake, 2017).  

Friedman and Miyake (2017) followed up on their previous study to gain further 

insights into the unity and diverse theory. They reviewed multiple studies that included 

multiple age groups as well as populations and that included commonly studied EF skills. 

Their findings concluded that these commonly studied EFs continue to be correlated but 

separable when measured with latent variables and are not the same as general 

intelligence or g. A model of the unity and diversity theory is found in Appendix B. 
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Other Theories and Models 

 McCloskey (componential model). 

The Miyake et al. (2000) study indicates three common EF skills; however, other 

researchers and practitioners have developed models that incorporate many more 

identified EF skills or abilities. McCloskey (2009) has proposed a model of executive 

functioning skills that has been built on the conceptual and empirical work of many 

across multiple areas, such as cognitive neuroscience and psychology, neuropsychology, 

developmental and clinical psychology, and educational psychology.  

The model is structured using five tiers of executive capacity. The first two tiers 

are most commonly involved with daily self-control. The first tier is unitary and labeled 

Self-activation. This stage has to do with how our bodies wake up from sleep. However, 

cognitive flexibility (the area being focused on in the current study), is incorporated into 

McCloskey’s (2009) second tier of his model, Self-regulation. Within the Self-regulation 

tier, there are a large number of executive functions that are responsible for cueing and 

directing functioning within the domains of sensation and perception, emotion, cognition, 

and action (McCloskey, 2009). The top three tiers are Self-control (i.e., Self-analysis), 

Self-generation, and Trans-self-integration. These tiers develop most commonly at the 

adolescent and older ages.  

 The model is meant to be clear that self-regulation functions cue and direct how 

we perceive, feel, think, and act (McCloskey, 2009). However, self-regulation related to 

these domains of functioning may not be cued or directed in perfect unison. The 

effectiveness of executive capacities might not be equivalent across the four domains. For 
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example, a student may be good at cueing monitoring for thoughts and feelings, but poor 

at cueing monitoring for actions (McCloskey, 2009). 

 Goldstein and Naglieri (representational model) 

There is also support for a model of EF that defines EF as a unitary structure. In 

other words, the term used would be Executive Function as opposed to Executive 

Functions. Goldstein, Naglieri, Princotta, and Otero (2014) found more than 30 

definitions of the term executive functioning(s). This muddling of the definition makes 

both theory and assessment difficult and confusing. There is also considerable research 

(Chaytor & Schmitter-Edgecombe, 2003; Spooner & Pachana, 2006) that addresses how 

scales, like the Comprehensive Executive Functioning Inventory (CEFI), only have 

moderate correlations with direct assessments, such as the Dimensional Change Card Sort 

(DCCS), of EF skills. This identifies continued discrepancies within the research as to 

whether we are correctly assessing executive function(s). Naglieri and Goldstein (2013) 

utilized factor analysis from the CEFI to show support that one factor was the best 

solution. Their item groups included Attention, Emotion Regulation, Flexibility, 

Inhibitory Control, Initiation, Organization, Planning, Self-monitoring, and Working 

Memory scales. They concluded that when utilizing parent, teacher, and self-ratings 

based on observed behaviors, a one factor construct (Executive Function) best fit the 

data. This one Executive Function construct includes all of the item groups assessed on 

the CEFI. This change, of considering Executive Function and it being a unitary 

construct, then influenced theory and definition. Executive function then involves (per 

Goldstein & Naglieri, 2013), how you decide what to do. If you then look at this through 

a unitary construct, how you choose what to do requires that a person utilize initiation, 
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planning, attending, memory, self-monitoring, flexibility, emotion-regulation, and 

inhibitory control. This model supports the notion of executive function being an ability 

that is represented or seen through student’s behavior, social emotional competence, and 

academic/work. A model of Goldstein and Naglieri’s theory is found in Appendix C. 

Iterative reprocessing model (representational model). 

Another comprehensive model of executive functions is the Iterative 

Reprocessing model proposed by Zelazo (2015). According to this model, reflection of 

information prior to responding yields a foundation for the control of attention. This use 

of executive functions or goal-directed modulation of attention is thought to be verbally 

mediated and involves the  formulation and maintenance in working memory of explicit 

action-oriented rules. These rules vary in complexity and flexibility and are hierarchical 

in nature. Developmentally, research has found that 2.5 year old’s successfully use a 

single rule to sort pictures (Zelazo & Reznick, 1991). 3 year old’s can use a pair of rules, 

and 5 year old’s can use a hierarchical set of rules, including a higher order rule for 

switching between rule pairs (Zelazo et al., 2013). A figure of the Iterative Reprocessing 

Model is found in Appendix D. 

 Summary of Theories 

 There are multiple theories and beliefs about the best perspective to utilize when 

viewing or understanding EF; this shows the need for further research in this area to 

better understand how EFs develop and are utilized by students. In particular, as this 

study hoped to do, investigations and comparisons of performance on EF measures across 

different age groups may help discover important information about the EF processes 

themselves.  
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Development of Cognitive Flexibility - Cross Sectional Studies 

 Several studies have looked at the development of executive functions, and 

specifically cognitive flexibility, over the span of childhood. Some have focused on the 

early childhood time frame of about 3 to 6 years of age due to the belief that a significant 

growth spurt occurs during this time period (Geradi-Caulton, 2000; Gerstadt et al., 1994; 

Jones, et al., 2003). Others have looked at the adolescent time period (usually beginning 

around 11 years) due to the same belief that a growth spurt occurs during this time. 

However, relatively fewer studies have looked at the development of executive functions 

and cognitive flexibility over a larger time frame or during other spans of ages (e.g., 7-10 

years old)(Best et al., 2009).  

Due to the developmental progression in cognitive flexibility skills over time in 

childhood, studies that have focused on early childhood often concentrated on the 

accuracy of the children’s responses. They have found that by the age of five years, 

children can accurately switch between response sets (Zelazo, 2004).  However, for 

school-age children, studies incorporate tasks that include both accuracy and reaction 

time. Including reaction time allows for assessing children over a wider range of ages 

using the same assessment instrument. This is important due to methodological 

challenges that arise from using multiple assessments. To avoid ceiling effects, 

researchers have often used more complex assessments that likely tap into multiple 

executive functions (Zelazo et al., 2016). When tasks have only been given to younger or 

older children and not both, it makes comparisons difficult.  

Huizinga et al. (2006) completed a cross sectional study that looked at the 

differences in executive functions and cognitive flexibility in several age groups. The 
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participants (n = 384) were in four ages groups (i.e., 7, 11, 15, and 21 years). Analyses 

indicated that executive functions, and especially cognitive flexibility, continued to 

develop into adolescence. Another study that also used a cross-sectional design included 

3,500 participants, ages 8 to 21 years. Gur et al. (2012) administered a computerized 

neurocognitive battery that included an assessment of abstraction or mental flexibility. 

They found a moderate effect size for accuracy due to age, also indicating that cognitive 

flexibility development continued into adolescence. 

Development of Cognitive Flexibility – Longitudinal Studies  

A limited number of studies have examined children’s performance on EF tasks 

across two assessment periods. One study of a large Dutch cohort of preadolescents 

(Boelema et al., 2014) indicated developmental changes in many different aspects of EF 

skills over an 8-year period (ages 11 through 19). They utilized the Amsterdam 

Neuropsychological Tasks (ANT), measuring Focused Attention, Inhibition, Sustained 

Attention, Speed of Processing, Working Memory, and Shift Attention. Results showed 

that significant growth takes place for all of the measured subcomponents of EF during 

adolescence. Girls showed better baseline performance and smaller maturational rates, 

suggesting they have more mature skills in early adolescence.  

Studies that have used a longitudinal design and participants who were measured 

at three or more times using the same measure have been very limited at the school-age 

range. Most, if not all, of these studies were completed on relatively short intervals of 

time across the early childhood period (Clark et al., 2013; Hughes et al., 2010; 

Willoughby et al., 2012).  The Clark et al. (2013) study looked at children at ages 3, 3.75, 

4.5, and 5.25 years (N = 388) using the Shape School assessment. This assessment 
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incorporated a graduated measure of executive control that included baseline, inhibitory 

control, and cognitive flexibility conditions. Clark et al. (2013) found that there were 

substantial gains at each of these ages in accuracy and speed for all conditions, but even 

more pronounced between ages 3 and 3.75.  

Continued research in the area of measurement of cognitive flexibility skills and 

on the trajectory of cognitive flexibility skill development from early childhood through 

late childhood is needed so that benchmarks will be available against which to gauge the 

effect of specific interventions or educational approaches. Although there have been 

many studies completed at the preschool age, research has been lacking that focuses on 

the school-age child. A full picture of development from birth to adulthood would give us 

better guidance as to what developmental expectations are at a specific age level and help 

to begin to answer questions about how cognitive flexibility plays a part in an individual's 

successful outcomes.    

Typical Assessments Utilized to Assess Cognitive Flexibility 

 The ways that cognitive flexibility and executive functions have been assessed 

have created difficulties and concerns. The following assessments take into account 

multiple different tasks when cognitive flexibility is assessed.  Cognitive flexibility may 

not be the only component being measured when these assessments are utilized, but also 

inhibition or other needed skills to complete these tasks. Also, many of these assessments 

have not been developed to be utilized across the developmental span so that they can 

easily be compared and contrasted or represent development. Instead, it can be difficult to 

know what is due to developmental change or the difference in assessments that are given 

at different ages (Zelazo et al., 2013). The Dimensional Change Card Sort (DCCS) is a 
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typical measurement of cognitive flexibility for early and late childhood that will be used 

in this study; therefore, it will be described more in depth within the next chapter (Doebel 

& Zelazo, 2015).  

Wisconsin Card Sorting Test 

 On the Wisconsin Card Sorting Test (Grant & Berg, 1948), participants are shown 

four target cards consisting of different geometric shapes (i.e., triangles, circles, stars, and 

crosses) that also differ in terms of color (i.e., red, green, yellow, and blue) and number 

(i.e., 1, 2, 3, and 4). The participants are presented with test cards that they are required to 

match with one of the target cards, which can be difficult because the test cards can 

match multiple target cards on different dimensions. Participants are told on every trial 

only whether they matched correctly. Once they have sorted by one dimension correctly 

for 10 consecutive trials, the experimenter changes the dimension, and participants must 

then switch their response set. This continues until they have completed six categories or 

until they sort all test cards. Although this assessments is viewed as primarily an 

assessment of CF, the Wisconsin Card Sorting Test also has components of working 

memory and inhibition. Participants must not only keep relevant category information in 

mind and update that as the category changes (working memory), but they also must 

resist the temptation to sort cards as they did for previous categories (inhibition).  

Flexible Item Selection Task 

 On the Flexible Item Selection Task, children are shown three items on each trial 

(e.g., small red boat, small blue boat, large blue boat) (Jacques & Zelazo, 2001). Two of 

the items match on a specific dimension (i.e., size) and two items match on another 

dimension (i.e., color). For all trials, one of the items is considered a pivot item or that 
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one item can match with both other items (e.g., small blue boat). The child is asked to 

select a pair of matching items and then to immediately select another different pair. 

Research on this task has shown that 3 year old’s perform worse than both 4 and 5 year 

old’s on their first selection. In addition, 4 year old’s do well on their first selection but 

perform worse than 5 year old’s on the second selection., demonstrating that the 4 year 

old’s may have specific difficulties with the switching aspect of the task.  

False Belief Tasks 

 The False Belief Tasks asks children to predict the behavior of a person who 

holds a mistaken belief about the whereabouts of an object or the contents of a container 

when they (the children) know the real location of the object or the container. To 

accomplish this task, children must reason from the viewpoint of the character and refrain 

from responding on the basis of their own reality perspective. Research on this task has 

also shown age-related changes between 3 and 5 years of age (Wellman et al.,  2001). 

Neuroanatomy  

 Research has long suggested that executive functioning skills develop based on 

the development of the pre-frontal cortex (Dujani & Uddin, 2015). Due to this, it is 

important to explore and understand the interplay between executive functioning skills 

and neuro-development. The frontal lobe has often been associated with executive 

functioning. The idea that executive functions exist came from the observations of people 

with brain damage, typically in their frontal lobes. In these cases, it was clear that a 

higher cognitive skill had been lost even when vision, audition, feeling, movement, 

speech, and long-term memory remained intact (Aron, 2008).  
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 A five-circuit model of executive functioning has been proposed in the literature 

in the past (Zelazo & Lee, 2010), but more recently a seven-circuit model has been 

introduced (Middleton & Strick, 2001). The circuits have been divided into the following 

categories: skeletomotor, oculomotor, dorsolateral prefrontal, lateral orbitofrontal, 

ventromedial orbitofrontal, anterior cingulate, and inferotemporal/posterior parietal. 

 There are excitatory and inhibitory pathways that start in subcortical regions of 

the brain (i.e, basal ganglia and thalamus) and project to the frontal cortex and vice versa 

(Ardila, 2008). The skeletomotor (i.e., body movements) and oculomotor (i.e., eye 

movements) circuits appear to be related to controlling movement. There are three 

circuits that are suggested to be associated with executive functioning: the dorsolateral 

prefrontal circuit, orbitofrontal circuit, and the anterior cingulate circuit. The dorsolateral 

circuit regulates numerous executive functions including planning and maintaining, 

organizational strategies, implementing efficient memory search strategies, sustaining the 

instructional demands of a task, having the cognitive flexibility to shift sets, and 

regulating complex motor programming output. Specifically, this is a circuit implicated 

in the function of cognitive flexibility (Ardila, 2008). The orbitofrontal circuit is 

responsible for empathic, civil, and socially-appropriate behaviors (Zelazo & Lee, 2010). 

A personality change can be the distinct hallmark of orbitofrontal dysfunction. It can also 

be involved with regulating our abilities to inhibit, evaluate, and act on social and 

emotional decision making. The orbitofrontal circuit is also connected with cognitive and 

affective functions such as assessing emotional significance of events, anticipating 

rewards and punishments, adjusting behaviors to adapt to changes in rule contingencies, 

and inhibiting inappropriate behaviors (Zelazo & Lee, 2010). The anterior cingulate is 
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responsible for regulating motivational mechanisms, so that apathy can be a common 

behavioral manifestation when damage to the anterior cingulate occurs.  

 One of the reasons executive functions have been referred to as the conductor of 

the brain is due to the prefrontal cortex (PFC) being highly connected with, and 

coordinating activity in, many areas throughout the brain. Connections of PFC to other 

areas of the brain occur mostly through white matter tracts. White matter includes the 

neurons that have developed the fatty, myeline sheath. The nerves become myelinated 

due to development and are experience-dependent. The myeline sheath allows for much 

quicker connections, like that of an insulated electrical cable. Neuro-imaging studies of 

children have shown that EF-related brain activity is generally more diffuse or more 

spread out and less isolated to specific pathways than seen in adults (Durston et al., 2006; 

Eslinger, 2009). As individuals grow in age and experiences, there is a change from more 

diffuse to more focal activity. This is due to the development of white matter (myeline) 

and synaptic pruning (Klingberg, 2006; Sheridan et al., 2014). This is thought to indicate 

an increase in the efficiency as well as the capacity of the brain as it processes 

information. As stated above, the PFC is highly connected to the basal ganglia (learning 

patterns and routines) and the thalamus (intersection highway of the brain), but it is also 

connected to the amygdala, which is an area important for emotion and stress. This is 

relevant due to the role that stress can play in turning EF skills off or heightening the 

response of EF skills when moderate levels of stress are induced.   

 Another important factor that has been studied, mostly with nonhuman primates, 

is the role of neurotransmitters in PFC functions (Wilson et al., 2010). Activity in 

individual neurons in the PFC is sensitive to a variation in levels of neurotransmitters 
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present in the synapse-- especially catecholamines, dopamine, and norepinephrine (Cools 

& D’Esposito, 2011). Stress, as noted above, can play an important role in engagement 

with the environment or lack thereof. As levels of dopamine and norepinephrine increase 

moderately from baseline, the individual is most likely attentive and engaged. However, 

when exposed to high levels of stress and a large increase in the neurotransmitter 

catecholamines, they shut down neural activity in the PFC. Research on this area 

provides support for the well known Yerkes-Dodson inverted U-shape curve relating 

stress and performance (Yerkes & Dodson, 1908).  The U-shape curve shows that when 

stress is low, performance is low, but as stress increases, performance increases also. This 

continues until a point where stress is too much and begins to negatively impact 

performance.  

 The inverted U-shape curve indicates the interactive top-down, bottom-up 

processing of this neural system. For example, the neurotransmitters dopamine and 

norepinephrine, neurotransmitters important in the PFC, originate in the limbic system 

and brainstem, which are areas that influence attention, emotional responses to 

stimulation, and the physiological response to stress. Experience can activate these areas, 

releasing dopamine, norepinephrine, and the glucocorticoid hormone cortisol. The 

chemicals increase neural activity in the PFC, which the PFC then feeds back on the 

limbic and brainstem areas to maintain an optimal or effective range depending on the 

context (Gunnar & Quevedo 2007). When stimulation is in an appropriate range and 

controllable, as seen in well-structured experiences in the classroom, neural activity is 

balanced and EF skills are possible. However, when stimulation is overwhelming, like 

that of a disorganized and chaotic classroom, activity in the system is weighted toward 
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the subcortical structures and activity in the PFC is reduced. Activity in the brain is then 

associated with more reactive and automatic responses (Arnsten, 2009).  

Hot and Cool Executive Functions 

 The interactions between executive functions and more basic influences such as 

emotion and stress are relevant to the distinction made between hot executive functions 

and cool executive functions (Zelazo & Muller, 2002). Hot executive functions involve 

the processes that operate in motivationally and emotionally significant situations, while 

cool executive functions involve the processes that operate in more affectively neutral 

contexts (Zelazo & Carlson, 2012). For example, most laboratory measures of executive 

functions assess cool EF, and do so using tasks that lack a significant affective or 

motivational component. One example of a measurement of cool EF is the Dimensional 

Change Card Sort (DCCS), which will be utilized for this study and thus will be further 

described below, whereas an example of a hot EF assessment is the delay of gratification, 

as measured by the marshmallow test (Mischel et al., 1989). The marshmallow test is an 

assessment of delayed gratification where a marshmallow is placed in front of a child 

who is told that they will get a second marshmallow if they do not eat the first one placed 

in front of them. The examiner then leaves for a set amount of time, assessing how long 

the child can wait to receive the treat. Poor hot EF skills are associated with inattentive or 

overactive problem behaviors and antisocial behavior disorders in children, whereas cool 

EF skills are associated with better academic outcomes, including math and reading 

(Brock et al., 2009; Willoughby et al., 2011).       

      Hot and cool EF skills show how integrated EF skills are to our everyday 

functioning and how they can be better explained and assessed depending on the 
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circumstances (whether the task involves an emotionally driven piece or it is purely 

logical). EF skills are so important to our daily functioning and a better understanding of 

how they develop over time is needed.  It has been proposed that our speech and 

language skills provide the basis for how we develop cognitive flexibility skills, an 

integral part of EF skills (Alderson-Day & Fernyhough, 2015). Our beginning use of 

flexible naming or labeling of objects (i.e., having multiple names for one object) 

requires us to shift perspectives on how a word is being used in each specific context.  

Speech and Language  

Speech Development 

 Speech and language have been cited as uniquely human capacities (Hauser et al., 

2002). More than any other animal, human language allows for remarkable open-ended 

descriptions of all objects and activities. Language is very complex and full of detail. In 

some ways, much of language is rule-governed. One example of this is that we form 

plurals in English by adding the suffix, s or es, or we place the adjective before the noun. 

However, the English language can also be quirky and inconsistent. For example, the 

ough in plough, tough, and slough are pronounced in three completely different ways 

although they share the same orthography. The plurals like oxen, sheep, and leaves break 

the rule that governs plurals. The English language includes a vast array of irregularities, 

variations, and special cases that are set against a backdrop of partial regularities 

(MacWhinney, 1975).  

 With language being so complex, it is amazing that children are able to learn all 

of it. Noam Chomsky postulated the view that language is in our genetics and that it is 

not learned, but acquired (Chomsky, 1980). Compared to more basic systems, such as 
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smell or balance, language processing is coordinated among many cortical regions. 

Linguistic theory typically analyzes language across six levels, including auditory 

phonology, articulatory phonology, lexicon, syntax, mental models, and pragmatics 

(MacWhinney, 2010). Auditory development involves learning how to distinguish the 

basic sounds of language and then using them to  segment the flow of speech into words.  

Auditory phonology involves the perceptual or receptive side of language use. 

Articulatory phonology involves learning to control the mouth, tongue, and larynx to 

produce sounds. This learning involves the expressive use of language. We cannot 

develop articulation (expressive) until we have an understanding (receptive) of the 

sounds in our language (MacWhinney, 2010). The next piece of language development is 

lexical or the learning of words. For humans to communicate with each other, words need 

to have a shared meaning. Due to this, the child then must be able to choose the correct 

meaning for each new word. However, children must not only be able to recognize words 

but also express them. To do this, children need to be able to recall the names for things 

on their own and then change these forms into articulation. Due to this, lexical 

development also shares both receptive and expressive parts. When children have 

acquired a collection of words, they can then place them into combinations. Syntax is the 

system of rules by which words and phrases are arranged to create meaningful 

statements.  Learning mental models is relating those syntactic patterns to meaningful 

interpretations (MacWhinney, 2010). The last component, pragmatics, is the system of 

patterns that help a person to be able to determine how we can use language in a certain 

social setting (Ochs & Schieffelin, 1986). 

Speech and Language Development and Cognitive Flexibility  
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 Based on Vygotsky’s (1986) theory of cognitive development, inner speech is a 

product of a developmental process. Due to a mechanism of internalization, 

linguistically-mediated social exchanges are transformed into an internal conversation 

with the self. The development of verbal mediation is seen as the process through which 

children become able to use language and other systems to regulate their behavior 

(Alarcon-Rubio et al., 2014; Day & Smith, 2013; Lidstone et al., 2010; Wallace et al., 

2017).   

Objects almost always have more than one name or label. This is seen frequently 

throughout our day; a fork is also silverware and a horse is also an animal. This 

competition between words is seen even more clearly for bilingual children who 

understand that everything in their world must have at least two names. A common 

laboratory experiment that assesses word learning demonstrates competition between 

words. A child is presented with a series of objects (some old and some new), given a 

word that is either old or new, and then asked to match up the word with an object. For 

example, they may be given a teacup, a glass, and a demitasse. The child already knows 

the words for cup and glass. The experimenter then states, “Give me the demitasse.”  The 

child, if accurate, will then infer that the demitasse refers to the object for which they do 

not have a well-established name. It makes sense to use the new name as the label for 

some new object. The child appears to be thinking in terms of competition between 

words, where each word is vying for a particular semantic niche. When the two words are 

in conflict, and no additional disambiguating clues are present, it makes sense for the 

child to assume the person is being reasonable and to use the new name for the new 

object (MacWhinney, 2010). Competition can force the child to move meanings around 
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so that they occupy the correct semantic niche. One example is when a parent calls a toy 

horse a toy, the child may search for something to disambiguate the two words. For 

example, the parent may say, “Can you give me another toy?”  Toy refers to not only the 

toy horse but also other toys. This can allow for the child to shift perspective and to 

understand the word toy in the framework of the shifted perspective. One example used 

by Clark (1997) is the case of the rocking horse. This object may be called a toy, horsey, 

or chair depending on how it is being used in the moment. This flexible use of labeling is 

an integral part of language learning. By learning how to shift perspectives, children 

develop how to cope with competition between words and thus, build on cognitive 

flexibility. This can be seen and is supportive of the idea that language is the beginning of 

training our minds to utilize cognitive flexibility.  

Speech and Language Skills’ Impact on Cognitive Flexibility 

 There has been increasing evidence that suggests that children with specific 

language impairment have difficulties with executive functioning skills (Cragg & Nation, 

2008; Crosbie et al., 2009; Farrant et al., 2015; Karasinski, 2015; Pauls & Archibald, 

2016; Roello et al., 2015). An analysis of 46 studies (34 included inhibitory control tasks 

and 22 included cognitive flexibility tasks) concluded that children with a speech and 

language impairment consistently performed below same age peers on both inhibitory 

and cognitive flexibility tasks (Pauls & Archibald, 2016). Language use during daily 

interactions plays a key role in executive functioning. Language provides individuals 

with the capacity to, “think, learn, and behave through understanding and interacting 

through shared symbols” (Barkley, 1997, p. 72). While using language this way, 

individuals are communicating with themselves about how to solve a problem and to 
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learn. Many believe that the development of language is necessary to other mental 

processes such as working memory and that some processes may not be possible until the 

development of internal language (i.e., self-talk) is complete. Many clinical approaches 

have shown how effective self-talk or language-driven executive control can be (Greene 

et al., 2001). When people are able to reflect upon their own inner experiences, they are 

most likely to report that it has a verbal quality (Baars et al., 2003).  

Summary 

As mentioned previously, cognitive flexibility is an important aspect of executive 

functioning that contributes to overall functioning. Although there are numerous studies 

which have outlined the development of cognitive flexibility throughout the pre-school 

years, there are limited resources that describe the continued development of cognitive 

flexibility throughout later childhood (Carlson, 2005; Garon et al., 2008). For example, 

major age-related changes in CF occur between 3 and 5 years of age. During the 

Dimensional Change Card Sort (DCCS), 3 year old’s tend to perseverate (continuing to 

sort by pre-switch phase) on the post-switch phase, whereas 5 year old’s (and some 4 

year old’s) can sort the cards correctly by both sets of rules. Due to limited longitudinal 

studies on this topic, we do not have an exact developmental account of cognitive 

flexibility across childhood (Best & Miller, 2010).  Continued research is needed on the 

trajectories of cognitive flexibility development from early childhood through adulthood.  

Benchmarks are also needed to gauge typical development and to assess the usefulness of 

interventions. The current study explored the developmental trajectory of cognitive 

flexibility in children between the ages of five years old and ten years old. It was also 
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hypothesized that a child who has a speech and language impairment will be more likely 

to have an at-risk trajectory of their cognitive flexibility development.  
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Chapter 3: Method 

 The current study modeled the longitudinal developmental trajectories of 

cognitive flexibility. In choosing an analytic approach, several observations about the 

dynamics of cognitive flexibility guided the decisions. To start, the meaning and 

determinants of cognitive flexibility development may vary depending on where the 

student starts. For example, a student who scores low on an assessment of cognitive 

flexibility in kindergarten may continue on a different trajectory than another student who 

scores higher. Furthermore, there may be underlying differences between students who 

score lower at the starting point than those who score higher, such that these students are 

exposed to different experiences that shape their trajectories. Therefore, any analytic 

model of cognitive flexibility over time should account for both initial starting point 

scores and subsequent changes conditional on that starting point. To account for both 

initial start points and change over time, latent class growth modeling (based on Muthen, 

2004) was used to uncover common pathways for change in cognitive flexibility and then 

described the characteristics of students whose CF skills represent these pathways.  

The methodology and research design are presented in this chapter. The first 

section includes the sampling design of the ECLS-K:2011 database. This is then followed 

by descriptions of the participants included in the ECLS-K:2011 sample and types of 

measures used. All information pertaining to the ECLS-K:2011 dataset in the following 

segments was found in the ECLS-K:2011 User’s Manual (Tourangeau et al., 2019).  

Database 

 This study relied on data collected as part of the Early Childhood Longitudinal 

Study, Kindergarten Class of 2010-2011 (ECLS-K:2011). This data collection was 
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sponsored by the US Department of Education (USDE), within the Institute of Education 

Sciences (IES) and National Center for Education Statistics (NECS). The focus of this 

multi-source, multi-method study is on the school experiences and development of 

children, and includes interviews with parents, data collected from teachers and 

administrators, and direct child assessments. The base year data were collected from the 

children enrolled in the kindergarten class of 2011. A total of 18,170 kindergarten 

students from 970 schools throughout the U.S participated. The ECLS-K:2011 is a 

longitudinal study, with the same children followed from kindergarten through the fifth 

grade. Information was collected in the fall and the spring of kindergarten (2010-11), the 

fall and spring of first grade (2011-12), the fall and spring of second grade (2012-13), the 

spring of third grade (2014), the spring of fourth grade (2015), and the spring of fifth 

grade (2016).  

 The ECLS-K:2011 cohort was sampled using a multistage sampling design. In the 

first stage, 90 primary sampling units (PSUs) were selected from a national sample of 

PSUs. The PSUs were counties and county groups. In the second stage, public and 

private schools educating kindergartners (or ungraded schools educating children of 

kindergarten age) were selected within the PSUs. Finally, students were sampled from the 

selected schools. The schools were selected from a preliminary version of the frame 

developed for the 2010 National Assessment of Educational Progress (NAEP), which 

contained information about public schools that were included in the 2006-07 Common 

Core of Data Public Elementary/Secondary School Universe Survey and private schools 

that were included in the 2007-08 Private School Universe Survey. The NAEP frame had 

not yet been updated and, therefore, was not final at the time it was obtained for use in 
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the ECLS-K:2011. For this reason, a supplemental frame of newly opened schools and 

kindergarten programs was developed in the spring of 2010, and a supplemental sample 

of schools selected from that frame was added to the main sample of study schools. In the 

third stage of sampling, approximately 23 kindergartners were selected from a list of all 

enrolled kindergartners in each of the sampled schools.  

 Trained field staff assessed children in their schools and collected information 

from parents. The majority of parent interviews were conducted by telephone, although 

interviews were conducted in person for parents who did not have telephones, who were 

difficult to contact by telephone, or who preferred an in-person interview. Teachers and 

school administrators were contacted at their schools and asked to complete hard-copy 

self-administered questionnaires. Before- and after-school care providers were asked to 

complete hard-copy self-administered questionnaires in the children's kindergarten year. 

The ECLS-K:2011 oversampled Asian Pacific Islander and Indian/Alaskan 

children, twins, and children with low and very low birth weight (Tourangeau et al., 

2014). In this current study, the ECLS-K sampling weights were utilized for all analyses.  

Participants  

 The full sample consisted of 18,174 children total who participated in the Early 

Childhood Longitudinal Study, Kindergarten Class of 2010-11 (ECLS-K:2011). 

However, due to missing data on some of the variables, only 14,173 students’ 

information was utilized in the current study when analyzing the cognitive flexibility 

scores. Gender characteristics of the sample included 51.2% male and 48.8% female 

participants. In terms of race, where parents were allowed to choose more than one 

category, 23.8% were Hispanic/Latino, 69.8% White, 15.6% Black/African American, 
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9.7% Asian, 2.4% American Indian/Alaska Native, and 1.4% Native Hawaiian/Pacific 

Islander.  See Table 1 for further participant characteristic information.  

Measures and Variables 

Data were collected from children, their parents, and their schools. Direct child 

assessments were conducted using instruments from several copyrighted assessment 

batteries. The following sections describe the instruments that are relevant to this study.  

The Dimensional Change Card Sort (DCCS) 

 The DCCS (Zelazo, 2006) is an easily- administered measure of executive 

functions. It is suitable for use across the lifespan, but the standard version of this task is 

usually used with healthy children between the ages of 3 and 5 years. Children are shown 

two target cards (e.g., blue rabbit and red boat) and asked to sort a series of bivalent test 

cards (e.g., red rabbits and a red boat) according to one dimension. They are then 

administered a post-switch phase where they are told to sort the same types of test cards 

according to another dimension (e.g., shape). In the kindergarten and first grade data 

collections, the DCCS was administered as a table-top card sort with the items 

administered by a trained assessor. Beginning with the second-grade data collections, a 

computerized version of the DCCS developed for the National Institutes of Health 

Toolbox for the Assessment of Neurological and Behavioral Function (NIH Toolbox) 

was administered. The change to a computerized version of the task was made so that the 

DCCS would remain age-appropriate through the end of the data collection.  This version 

was utilized in the fall and spring of second grade, spring of third, spring of fourth, and 

spring of fifth grade. The computerized version can be used for ages 3-85 (Zelazo et al., 

2013). The NIH Toolbox DCCS consists of 40 trials, including 5 pre-switch trials (sort by 
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one dimension, e.g., color), 5 post-switch trials (sort by a different dimension, e.g., 

shape), and 30 mixed-block trials (sorting dimension varies by trial). Testing conducted 

in the development of the NIH Toolbox DCCS indicates that 8 year old’s typically scored 

at ceiling on the pre-switch and post-switch trials. Due to this, children under the age of 8 

begin with pre-switch trials, and children 8 and above begin with mixed block trials and 

are given credit in the scoring for completing the pre-switch and post-switch correctly. 

However, for the ECLS-K: 2011, children were administered the version of the NIH 

Toolbox DCCS for ages 8 years and older, regardless of their age at assessment.  In 

second grade, approximately 90% of the EKLS:K 2011 children in the fall subsample for 

second grade and approximately 40% of children in the spring subsample of second grade 

who had a score on the DCCS were not yet 8 years old when the DCCS was 

administered. In third grade, nearly all were 8 years old (99.5 %), and for fourth and fifth 

grades, all were at least 8 years old. The decision to administer the same version of the 

DCCS from second grade forward, regardless of being age 8 or above, was made so that 

all study children would receive the same version of the DCCS task. Use of the same 

measure allows for longitudinal analysis of performance.  

 Scoring for the computerized version is based on a combination of accuracy and 

reaction time. For any given individual, accuracy is considered first. If accuracy levels for 

the participant are less than or equal to 80%, the final total computed score is equal to the 

accuracy score. If accuracy levels for the participant reach more than 80%, the reaction 

time score and accuracy score are combined.  

 Overall, the DCCS has shown excellent test-retest reliability and convergent 

validity (ICCs = .90–.94; Beck et al., 2011; ICCs = .92; Zelazo et al., 2013). In the past, 
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it has been difficult to study developmental changes in cognitive flexibility due to a lack 

of consistent measures across childhood. Due to this, it has been difficult to tease out 

developmental changes from task demands. The DCCS was created to address this issue.  

 To interpret individual performance, this study utilized the computed (overall) 

score, where higher scores indicate higher levels of cognitive flexibility. In addition, the 

DCCS computed score provides a way of gauging raw improvement or decline from 

Time 1 to Time 2 (or subsequent assessments). This computed score ranges from 0-10, 

but if the score is between 0 and 5, it indicates that the participant did not score high 

enough in accuracy (80 percent correct or less) (Zelazo, 2006). A list of the scores of 

each wave, where the same children were administered the DCCS at different times (fall 

of kindergarten through spring of fifth grade) can be found in Table 2.  

Data Preparation for DCCS 

Using the ECLS:2011 data set and SPSS, I first addressed how to compare waves 

of DCCS scores during waves 1-4 and waves 5-9. In waves 1-4 (kindergarten through 

first grade), DCCS assessment is scored on a scale of 1-18, as opposed to the 1-10 scale 

of waves 5-9. This is due to only accuracy being taken into account for the scoring due to 

developmental progression of cognitive flexibility. Younger children were administered 

the DCCS as a tabletop activity as opposed to the computerized version that was also able 

to take into account and measure reaction time as well as accuracy. To address this 

concern and allow the results to be compared across waves, I multiplied waves 1-4 DCCS 

scores by .55 to place the scores on a 10-point scale.  

Issues of non-normal distribution within waves 5-9 (second through fifth grade) 

were then addressed. The skewness is due to how the DCCS is scored at that age level by 
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taking into account both accuracy and reaction time. If a child did not receive 80% 

accuracy on the assessment, their reaction time was not included in their score. This 

created a subset of children whose scores caused the data to skew negatively. For 

example, approximately 4% of children in the third-grade data collection failed to 

achieve greater than 80% accuracy. In fourth grade, this percentage was 2% and in fifth 

grade, 1%. To counteract this, the mean reaction time of the children’s performance 

within that wave was added to those children’s scores that did not include a reaction time. 

An adequate skewness is between -1 and 1. This created an adequate skewness statistic 

of: -.427 (wave 5), -.291 (wave 6), -.250 (wave 7), -.281 (wave 8), and -.223 (wave 9).   

Parent and Teacher Interview  

 Parent interviews were conducted using a computer-assisted interview (CAI) 

process. Parent interviews took place during the fall and spring from kindergarten 

through fifth grade. Most interviews were conducted in English; provisions were made 

for parents who spoke other languages. The majority of interviews were conducted over 

the telephone but a small number of interviews were conducted in person. The average 

length of the interview varied and was dependent upon the number of questions included, 

and also what the focus was during that round. For example, fall interviews focused more 

on children’s experiences during the previous summer and any enrichment or educational 

activities that may have been provided.  The respondent to the parent interview was 

usually a parent or guardian in the household who identified himself or herself as the 

person who knew the most about the child’s care, education, and health. For subsequent 

interviews after kindergarten, interviewers attempted to complete the parent interview 

with the same respondent who completed the parent interview from previous rounds. For 
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purposes of this study, the interview information was used as a source of background 

information for the variables that contributed to socioeconomic status (SES).  

Socioeconomic Status 

 The ECLS-K:2011 dataset constructed a composite variable that was utilized in 

this study as a control variable, from a series of questions from the parent interview. The 

variables used to create the SES composite were the following: father’s education, 

mother’s education, father’s occupation, mother's occupation, and household income. It 

has been well established in the literature that lower SES is associated with lower EF 

skills, even after controlling for general cognitive ability (Farah et al., 2006; Farah et al. 

2008; Masten et al., 2012; Mezzacappa, 2004; Noble et al., 2005; Obradovic, 2010; 

Ursache & Noble, 2016). Parent/guardian’s education and occupation data were collected 

in the fall of 2010. Household income data was collected in spring 2011. In the current 

sample, the mean SES is -.054140, with a standard deviation of .8148789 and a range 

between -2.3300 to 2.5960.  According to the ECLS-K:2011 data, 26% of students came 

from poor households or those with income below 100 percent of the federal poverty 

level, 23% came from near-poor or those with income between 100 and 199 percent of 

the federal poverty level, and 51 percent came from nonpoor households or income above 

200 percent the federal poverty level. Related to parent’s education, 31 percent of 

students had parents whose highest level of education was a high school diploma or 

below, 34 percent has parents with some postsecondary education, and 35 percent had 

parents with a bachelor’s degree or higher (Little, 2017).   

Speech/Language Skills 
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 Children were administered a language screener that included two tasks from the 

Preschool Language Assessment Scale (preLAS2000). The preLAS2000 is a 

commercially available, norm referenced, language proficiency battery for children ages 

4-6 years old. It was developed to measure expressive and receptive language skills. The 

full measure, used to develop a proficiency classification, is made up of five subtests. The 

purpose of the scores from the full assessment are to help determine whether there are 

delays in certain areas of language development (Rainelli et al., 2017). However, multiple 

large-scale studies have utilized and adapted the preLAS2000 measure to be used for 

screening purposes. Beginning with the ECLS-K, 1998-99, the first three subscales were 

utilized, and then, subsequent studies (Head Start FACES, 2003, 2006, 2009) have used 

just the first two subtests of “Simon Says” and “Art Show”. The purpose of the “Simon 

Says” task queries children to follow simple, direct instructions given by the assessor in 

English. This task is assessing the children’s receptive language ability. The “Art Show” 

task is a picture vocabulary assessment that tests children’s expressive vocabulary. All 

children were administered the language screener as the first component of the direct 

cognitive assessment. For children whose home language was English, the screener 

mostly served as a warm-up. For those who home language was other than English, it 

determined whether the children understood English well enough to be given the full 

direct assessment in English. For the purpose of this study, the preLAS2000 was utilized 

to determine whether or not children displayed deficits in their language skills as a 

dichotomous variable. The ECLS-K:2011 used a score of 16 as a cut off (based on 

previous use of the preLAS) and so this continuous variable was computed into a 

dichotomous variable of students who scored 1-15 as “1” (those who did not pass) and 
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students who scored 16-20 as “2” (those who passed). The mean of the preLAS2000 

scores for this sample is 18.38, with a potential range between 0-20 and a standard 

deviation of 3.279. Those children who did not pass the screener consisted of 10% of the 

sample. Please refer to Table 3 for further information on how the sample of children 

performed in the preLAS2000.    
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Chapter 4: Results 

This chapter provides the results of the univariate growth curve, as well as the 

latent class growth analyses and growth mixture models that were performed. For the first 

hypothesis of determining the appropriate number of classes, latent variable mixture 

modeling (LVMM) in the structural equation modeling (SEM) framework was utilized to 

explore the different developmental trajectories of cognitive flexibility for students in 

grades kindergarten through fifth grade.  Based on previous research, four trajectories 

were expected (Morgan et al., 2019). LVMM is an emerging, very flexible statistical 

technique used to analyze and model longitudinal data. It is utilized when the data 

follows a pattern of change in which both the strength and the direction of the 

relationship between the independent and dependent variables differ across students or 

participants. The analysis identifies distinct subgroups of individuals following a distinct 

pattern of change over age or time on a specific variable (in this study, cognitive 

flexibility) (Andruff et al., 2009). This analysis allowed each child’s initial levels and 

growth rates in cognitive flexibility to be estimated and to explore inter-individual 

differences (variance) in the initial levels and intra-individual change over time. 

Socioeconomic status was incorporated as a control variable within the model.  

For the second hypothesis, multinomial logistic regression was applied to predict 

whether or not a difficulty with speech and language skills during the fall of kindergarten, 

as indicated by the dichotomous variable of whether or not the student passed the oral 

language screener (preLAS2000), placed that student at greater risk of being in the at-risk 

class. 

Latent Variable Mixture Modeling (LVMM) 
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Conventional growth modeling approaches assume individuals come from a 

single population and that a single growth trajectory can sufficiently approximate an 

entire population. Also, it is assumed that covariates that affect the growth factors 

influence each individual in the same way. However, there are theoretical frameworks 

and existing studies that categorize individuals into distinct subpopulations (e.g., SES, 

age groups) (Berlin et al., 2014 McArdle et al., 2002; Ram & Grimm, 2007) The results 

of these studies confirm theoretical beliefs that heterogeneity of growth trajectories exist 

within the larger population. Also, the findings from these studies suggest that describing 

an entire population using a single growth trajectory estimate is oversimplifying the 

possible complex growth patterns that describe continuity and change among members of 

different groups. Rather, a latent class growth analysis (LCGA) or growth mixture 

modeling (GMM) approach may be the most suitable method for fully understanding the 

information about interindividual differences in intraindividual change by taking into 

account unobserved heterogeneity (i.e., different groups) within a larger population (Jung 

& Wickrama, 2008).  

There are typically two latent variables (sometimes called random coefficients). 

The first is an intercept, which represents the level of outcome or the first measure of 

cognitive flexibility when time is equal to zero (in this study, fall of kindergarten), and 

the second is slope, which represents the rate of change in the outcome over time. In 

LVMM, each participant has his/her own estimated intercept and slope. If the slope and 

intercept are believed to relate to one another, their covariance can be modeled to reflect 

how an individual’s start value relates to his/her rate of change. Latent variables also 

have means, reflecting the average of all individuals’ intercepts and slopes. Participants 
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also have their own deviations from the means at each time period, called residual/error 

variance, as well as residuals, and/or random effects.  

The specific interpretation of the intercept and slope depend on how the 

researcher fixes or estimates the relations between these latent variables and their 

indicators. By fixing the observed variable factor loadings, different hypothesized 

relations can be tested about the origin (zero point) and the rate or shape of change 

(assuming the individuals are assessed at the same intervals). For example, by looking at 

both intercept (i.e., origin) and slope (i.e., rate of change), we can explore the 

developmental trajectories of students’ cognitive flexibility skills over time.  The goal is 

focused on the relationships among individuals, and the intent is to classify individuals 

into specific groups or categories based on their individual response patterns, so that 

participants within a group are more similar than participants between groups (Jung & 

Wickrama, 2008).  

Growth Mixture Modeling (GMM) 

Conventional growth modeling approaches give a single average growth estimate, 

a single estimation of variance of the growth parameters, and assumes a uniform 

influence of covariates on the growth and variance parameters. However, it is possible 

that there exists a subset of individuals whose growth trajectories are significantly 

different from the overall estimate. For example, given a typical sample of individual 

growth trajectories for adolescent mental health symptomatology, you may have a single 

average growth estimate that is steadily increasing with a positive slope or increasing 

symptomology (worse mental health). However, there may also exist a trajectory that is 

decreasing in poor mental health symptomology or improving mental health. This 
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recovery group may have a higher intercept and negative slope. These are characteristics 

that are significantly different from that of the whole sample (Jung & Wickrama, 2008).  

Growth mixture modeling relaxes the assumption that all individuals are drawn 

from a single population with common parameters and allows for differences in growth 

parameters across unobserved subpopulations. This is completed by using latent 

trajectory classes, which allow for different groups of individual growth trajectories to 

vary around different means. The results are separate growth models for each latent class, 

each with its specific estimates of variances and covariate influences. This modeling 

flexibility is the basis of the GMM framework (Muthen & Asparaouhov, 2006).  

Latent Class Growth Analysis (LCGA) 

Latent class growth analysis is a specific type of GMM where the variance and 

covariance estimates for the growth factors within each class are assumed to be fixed at 

zero. By assuming this, all individual growth trajectories within a class are considered to 

be homogenous. This framework of growth modeling has been largely developed by 

Nagin and colleagues (Nagin & Land, 1993), and is represented in the SAS procedure 

Proc Traj (Jones et al., 2001). The advantage of this approach is the identification of 

distinct classes prior to conducting GMM. LGCA can be seen as a starting point to 

conducting GMM.  

Sample Weights 

Sampling weights were utilized for all analyses completed due to the multi-stage 

sampling design of the ECLS-K:2011. Main sampling weights designed for use with data 

from a complex sample survey serves two purposes.  The main sampling weight weights 

the sample size up to the population total of interest.  In the ECLS-K:2011, weighting 



COGNITIVE FLEXIBILITY                                                                                        

 

47  

produced national-level estimates.  Also, the sampling weights adjusts for differential 

nonresponse patterns that can lead to bias in the estimates.  For example, if people with 

certain characteristics are systematically less likely than others to respond to a survey, the 

collected data may not accurately reflect the characteristics of the nonrespondents, 

leading to bias.   Replicate weights were only utilized when completing analyses for the 

univariate growth model. Replicate weights are utilized to inform more precise standard 

error estimates when using a complex survey design like the ECLS-K:2011.  In Mplus, 

the option to use both replicate weights and the MLR estimator is unavailable. The MLR 

estimator was needed due to its applicability with non-normal distribution.  When 

completing the analyses for the univariate growth curve, it was explored whether or not 

the replicate weights changed the standard errors or significance, and no difference was 

found. However, to address the sampling method and multilevel survey model data, 

school ID was utilized in the CLUSTER command. For example, students from the same 

school are more likely to be similar to each other than to those students from other 

schools and to address this; the CLUSTER command recognizes those students that may 

be more similar than different based on location. 

Decisions on Factor Loadings 

The observed outcome measures (time 1-time 9) are treated as the multiple 

indicators of these two latent growth factors (intercept and slope). When completing the 

growth models, the factor loadings on the intercept growth factor are all fixed to 1, and 

the factor loadings on the slope growth factor are called time scores. The time scores play 

three roles: they determine the form (linear or nonlinear) of the growth process. Time 

scores also define the centering point of the growth process. Setting the time score to 0 



COGNITIVE FLEXIBILITY                                                                                        

 

48  

time 1 would define the first time point (baseline) to zero as the centering point of the 

growth process so that the latent intercept growth factor would represent the initial level 

of the outcome measure. Lastly, time scores define the scaling of the growth factors. 

Most times, including the current study, the scale of the time scores are matched with the 

observed time scale (e.g., fall of kindergarten to spring of fifth grade). Decisions on 

factor loadings are further discussed in step 1 below.  

Decisions on Growth Parameters  

As seen in Figure 1, growth parameters have to do with the latent factors of 

intercept and slope (the variances, covariances and residuals), as opposed to the factor 

loadings when modeling the time points. When conducting LCGAs, there is no individual 

variation around the mean growth curve allowed and so both intercept and slope growth 

factors are fixed to 0. However, when conducting GMMs, both intercept and slopes can 

be freely estimated. Freely estimating the variances for all growth factors adds a great 

deal of complexity and can lead to convergence problems, improper solutions, and 

overall model instability. Due to this, decisions around which factors to constrain are 

discussed further in step 3. However, a better understanding of which growth factors 

were constrained or allowed to be freely estimated can be found in Figure 1, or the final, 

conditioned growth mixture model path analysis.  

Hypothesis 1a and 1b: Estimating Children’s Cognitive Flexibility Growth 

Trajectories and Identification of At-Risk Class  

Conceptual Description of Growth Modeling  

 Once the data was prepared in SPSS, I then transferred the data to the Mplus 

format. All models were estimated in MPlus version 8.0 (Muthen & Muthen, 1998-2019), 
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under missing data theory, using all available data and robust (full information) 

maximum likelihood estimation (MLR). This strategy for handling missing data is an 

appropriate, modern method of modeling with missing data that makes use of all 

available data points (Little et al., 2013) and adjusts the standard errors and scales chi-

square statistics to account for a non-normal distribution. In comparison to other 

techniques, MLR is more efficient and less biased than traditional approaches (Wang & 

Wang, 2012). Missing values were coded as “-9” in the data. Consistent with 

recommendations (Jung & Wickrama, 2008; Muthen, 2004), a five-step process was 

utilized to estimate LCGAs and GMM in this study.  

1. Specify a Single-class Latent Growth Curve Model  

The first step in estimating a GMM is identifying a single group model that best 

represents change over time (i.e., straight line, one curve, two curves, or two or more 

separate trajectories). Theory and prior research should be used to guide selection and 

suggests that multiple patterns of cognitive flexibility will exist. In addition, review of 

individual-level raw data and mean level performance over time can provide clues as to 

how best to model change (Berlin et al., 2014). Located in Figure 2 is a graph of the 

whole samples’ individual observed values and growth lines from wave 1 to wave 9.  If 

several single-group models seem reasonable, a separate latent growth curve analysis 

should be conducted for each pattern of change. In this study, this single-group model is 

used as the base model for the mixture analyses (identifying classes). The statistical fit 

can then be utilized to evaluate each of the models and establish the best way to model 

change over time.  
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The data was collected at the following assessment points: fall of kindergarten, 

spring of kindergarten, fall of first grade, spring of first grade, fall of second grade, spring 

of second grade, spring of third grade, spring of fourth grade, and spring of fifth grade. 

Time (for the slope factor loading) is then coded as 0, .05, .10, .15, .20, .25, .35, .45, and 

.55.  

In the current study, the following models were estimated to identify the best 

single-group model (model that best represents change over time for the whole sample) 

that was utilized as the base model for the mixture analyses (identifying classes): linear, 

quadratic, cubic, and piecewise quadratic. For the linear model, two latent factors were 

defined: one representing initial levels of DCCS scores and one representing linear 

change in DCCS scores (slope). Factor loadings for the intercepts for the nine observed 

measures of DCCS scores were fixed to 1. Factor loadings for the slope were set to the 

above time coding. For the quadratic model, an additional latent variable was added to 

the linear model. It represented a quadratic pattern of change for DCCS scores (factor 

loadings fixed to 0, .0025, .01, .0225, .04, .0625, .1225, .2025., .3025). For the cubic 

model, an additional latent variable was added to the quadratic model, representing a 

cubic pattern of change (factor loadings fixed to 0, .000125, .001, .003375, .008, .015625, 

.042875, .091125 .166375). When estimating the cubic growth model, I received a 

message about a negative residual variance for the fourth wave of DCCS scores. As 

residuals cannot be negative, I addressed this problem by fixing the residual variance for 

the fourth wave to 0. The solution fixed the problem and no additional warnings were 

generated. I also estimated a piecewise growth model, which is utilized when the 

expected growth process is not linear and likely to consist of phasic developments 
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connected by turning points. It includes a linear slope for waves 1 through 4, a separate 

slope for wave 5, and a quadratic function for waves 6 through 9. A piecewise model was 

hypothesized due to the nature of the DCCS scores and because waves 1-4 were assessed 

by table-top and only included accuracy, whereas waves 5-9 included a computer activity 

and encompassed reaction time.  

The fit statistics are provided in Table 4. Based on review of the fit statistics, the 

linear, quadratic, and cubic models provide a poor fit of the data. To evaluate the 

goodness of fit of single-group models, excellent models generally have the following 

values: Comparative Fit Index (CFI)/Tucker-Lewis Index (TLI) >= .95, Root Mean 

Square Error of Approximation (RMSEA) < .05, Standardized Root Mean Square 

Residual (SRMR) < .05, and the lowest Bayesian Information Criterion (BIC).  The 

piecewise quadratic model has a CFI value of .976, TLI of .965, RMSEA of .017, SRMR 

of .028, and the lowest BIC value of 319,483.868. These results indicate that the 

piecewise quadratic model has adequate goodness of fit statistics and the best fit overall.  

Additionally, Figure 3 includes four graphs that upon visual inspection, reveal 

that the model with better fit statistics has the higher proportion of overlapping lines. It is 

possible to see what is tested statistically, specifically, the discrepancy between the 

observed sample and estimated values or how well the modeled data “fit” with the actual 

data. Based on both fit statistics and visual inspection of these findings, the piecewise 

quadratic model serves as the best base model or single-group model for the growth 

mixture analyses. The piecewise quadratic model then guided the following next steps of 

conducting LCGAs and GMMs.  

2. Specify an Unconditional Latent Class Model without Covariates 
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Jung and Wickrama (2008) recommend that the next step in the process is to 

specify an unconditional latent class growth model (LCGA) without covariates. 

Covariates may have a significant direct effect on the growth factors (intercept and slope) 

and can distort results. This is important to keep in mind and to follow up the 

unconditional model with the appropriate conditional model (with covariates, e.g., SES) 

to compare to the results (Muthen, 2004). Specifying a LCGA model with no within-class 

variance is recommended. As noted earlier, LCGA is a useful initial modeling step prior 

to completing a GMM model. This is due to LCGA assuming no within-class variance on 

the growth factors, whereas GMM freely estimates the within-class variances. The 

benefits of fixing within-class variances to zero are the clearer identification of classes 

and a less computational burden. These are both important factors in the beginning stages 

of model building.  

When conducting LCGAs, I took an exploratory approach and estimated as many 

classes as possible that yielded proper solutions or an identified model. The fit statistics 

did show better fit results as more classes were added. However, this can be typical of 

LCGAs, since within class variance is fixed to 0 (homogenous classes).  Due to this, the 

model fit statistics can typically result in better fit statistics as more classes are added. A 

table with the specific results of the LCGAs with 3 classes, 4 classes, and 5 classes can be 

found in Table 5.  

I followed up these models with a conditioned model that included the covariate 

of socioeconomic status.  The result can be found in Table 6. The results did not appear 

clear, as both a 4-class model and a 5-class model had positive indicators. The 4-class 

model had the lowest BIC value of 299,288.595, as compared to 299,418.994 for the 5-
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class model; however, the 5-class model indicated a significant LMR p value of .0004 

compared to a non-significant p value of .1624 of the 4-class. Due to this, when moving 

on to the next step of conducting GMMs, a 4 through 5-class model was considered.  

3. Determine the Number of Classes  

Studies have been ongoing regarding the best fit indices or method to find the best 

model for the number of classes. Nylund et al. (2007) determined that of all the fit indices 

and tests available in Mplus, the Bootstrap Likelihood Ratio Test (BLRT) performed 

best, followed by the Bayesian Information Criterion (BIC), and then the Akaike’s 

Information Criterion (AIC). However, due to the computational burden of the BLRT, it 

may not be best to utilize in the model exploration stages, but when a few plausible 

models have been identified. Also, the BLRT was unable to be utilized in these analyses 

due to the use of sample weights and CLUSTER (not available with COMPLEX 

MIXTURE command). Mplus does not allow for both to be utilized. Due to this, the 

model with a low BIC value and a significant Lo-Mendell-Rubin Test p value (LMR) 

comparing the k and k-1 class model guided the analysis. In other words, comparing the 

current model against the model with one less class than the current model guided the 

analysis. Other considerations include successful convergence, high entropy value (near 

1.0), no less than 1% of a total count in a class, and high posterior probabilities (near 1.0).  

One’s research question, parsimony, theoretical justification, and interpretability should 

all be kept in mind. It is also possible to take an exploratory approach and estimate as 

many classes as possible that yield solutions (Berlin et al., 2014).  

I first started conducting GMMs, after conducting LCGAs for 3 to 6 classes, by 

freely estimating all available options including means, variances, and covariances. 
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However, multiple warnings were generated, indicating convergence problems, improper 

solutions, and overall model instability. One issue that emerged was a strong association 

between intercepts and change functions for some classes. I also often encountered 

negative variance in at least one or more classes. Both a 4-class and 5-class model 

yielded these warnings, as well as a lack of convergence, and indicated that some growth 

parameters would need to be constrained. It is not unusual to decide to only estimate 

intercept and not slope, or only estimate for certain classes rather than across all classes. 

When looking at the graphs to determine if any class needed its own class-specific 

variance, it was observed that a there was a lot of variability across slope one and often, a 

negative variance. The warnings often included, “PROBLEMS WITH SLOPE 1.”  Due 

to this, slope one was restricted to be equal to 0. This was decided to be allowable due to 

the non-significance of slope 1’s residual variance. This resolved the concerns of slope 1 

and the model terminated normally. Slope 2 was set to have the variances equal across all 

classes (equal to 1). Slope 3 and the intercept were allowed to be freely estimated 

variances for each class. 

Results of goodness of fit statistics were then reviewed to determine the 

appropriate number of classes. These results can be found in Table 7. Class 5 obtained 

the lowest BIC value of 283,739.283, as compared to a model with 4 classes. Also, when 

looking at the LMR p value of comparing 5 classes minus one (4-class), the 5-class 

model has a significant p value of .0385. A 6-class model was also estimated; however, 

issues with a negative variance, a class that contained less than 1% of the sample, and a 

poor LMR p value indicated it was not an appropriate choice. Due to these results, it was 

determined that a 5-class model best fits the data. In other words, 5 classes were 
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identified that best represent initial starting performance (intercept) and change over time 

(slope).  

4. Address Convergence Issues 

Jung and Wickrama (2008) identified the importance of addressing convergence 

issues and see this as a previous step to model selection. This was done with the STARTS 

syntax in Mplus. This step was done in conjunction with previous steps, as successful 

convergence was needed to ensure models were correct and terminated normally. For all 

models estimated, successful convergence was obtained. This was also checked by using 

the OPTSEED command in Mplus to ensure the model estimation did not have local 

solutions.   

5. Specify a Conditional Latent Class Model with Covariates (SES)  

 The 5-class conditional model (with covariate of SES) was selected due to the 

goodness of fit statistics. In addition to the above fit statistics, the 5-class model also 

demonstrated good posterior probabilities of class membership from .888 to .993 (closest 

to 1.0). This indicates a high degree of classification precision in the model. The 5-class 

model also had high entropy, .970 (1.0), and all proportions of latent classes are above 

1%. The following describes the beginning levels and rate of change for each of the 5 

classes. 

 Individuals in the sample were classified into 5 classes, each with its own 

different beginning level and growth trajectory of cognitive flexibility over time. Of the 

total 14,173 participants, 1.5% were classified in Class 1 (N = 213), 7.8% in Class 2 (N= 

1124), 3.2% (N = 453) in Class 3, 5.3% in Class 4 (N = 708), and 82.1% in Class 5 (N = 

11,676). The observed and estimated growth trajectories of cognitive flexibility are 
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shown by class in Figure 4 (Sample and Estimated Growth Means). The lines with 

squares represent observed growth trajectories, and the lines with triangles represent the 

model predicted trajectories. Included in Figure 5 are the observed individual values and 

mean growth line for each class. Overall for all classes, the variances (or how much each 

individual varied from the mean growth line or intercept) for waves 1-9 were significant, 

indicating a great deal of variability, especially for times 2 and 3. That can also be seen in 

the graph of observed individual values. The variance for slope 1 is 1.064 (p < 0.0001), 

the variance for slope 2 is 0.148 (p < 0.0001), the variance for slope 3 is 0.062 (p < 0.05), 

and the variance for the quadratic slope is .001 (p < 0.05). Although all are significant, 

there is a progression of greater variability with the younger grades (especially for time 2 

and 3) compared to slope 3. Figure 6hows both the 4-class and 5 class GMM and the 

following describes each class. 

Class 1 constituted 1.5% of the sample and can be defined as the “at risk” group. 

This group averaged an intercept or beginning level of cognitive flexibility of 3.682 (p < 

.0001) which is more than 2 standard deviations below the mean and is significant. Class 

1’s rate of change or slopes (S1 =3.750, p = .001; S2 = 3.355, p = .0001; S3 = 3.327, p < 

0.05) remained consistent over time, did not show large growth, and the class continued 

to remain significantly lower than the rest of the classes or sample through wave 9. A 

significant mean slope indicates that the trajectory is not flat. The quadratic slope 3 

indicated a mean of 0.122 and was not significant, indicating that the quadratic slope 3 

for class 1 remained flat. The covariance between intercept and slope indicates whether 

or not there is a relationship between where a student in the class started and how fast 

they grew (slope). For class 1, where they started influenced their rate of growth. The 
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covariance between intercept and slope 1 (.027, p < .05), intercept and slope 2 (.206, p < 

.0001), and intercept and slope 3 (-0.121, p < 0.0001) are all significant.  

R2 values indicate whether or not the outcome measures (wave 1 through wave 9) 

are well explained by the intercept and slope growth factors. The R2 values for class 1 for 

the observed outcome measures (wave 1 through wave 9) are varied but consistently 

higher values than the other classes. For slope 1, time point 1 and 4 demonstrated strong 

values of .618 and .599, indicating that variation of the outcome measures are well 

explained by the intercept and slope growth factors; however, time points 2 and 3 

(consistent across all classes) are not as strong (.251 and .338). For time points 5 through 

9, the R2 values are all over .60 (range from .733 to .821), indicating that the variation of 

the observed measures are well explained by the growth factors of intercept and slopes 

(including the impact of SES since it is included in the model). 

Class 2 consisted of 7.8% of the sample and also averaged a low intercept at 

3.671 or more than 2 standard deviations below the mean. However, class 2 demonstrated 

a significant increase in slope 1 (S1 = 35.324, p < .001), where they finished slope 1 very 

close to the mean of time point 4 (end of first grade) at 8.958. Class 2 then remained 

close to the average (within one standard deviation) for the continuing time points 

through 5th grade. Class 2 appears to be a “remediated class” or a group of individuals 

who entered kindergarten with significantly below average cognitive flexibility, but who 

made significant gains in their cognitive flexibility. Class 2’s covariances between 

intercept and slopes are also all significant, indicating where they started impacted their 

growth (0.11, p < .05; .053, p < 0.0001; .020, p < 0.0001).  
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The R2 values for class 2 for the observed outcome measures (wave 1 through 

wave 9) are varied. For time points involved with slope 1, R2 values range from .057 to 

.221, indicating that the variation of the observed outcome measures are not well 

explained by the growth factors (intercept and slope) or the covariate of SES. However, 

the R2 values of time 5 to time 9 range from .460 to .566, indicating an increase in how 

well the outcome measures are explained by the growth factors of intercept and slope.  

Class 3 contained 3.2% of the sample and had an average intercept of 8.673, 

which is slightly above the mean. However, class 3 or the “decreasing class” contained a 

negative slope 1 (S1 = -23.828, p <. 001) and contained a significant decrease between 

the mean of intercept (initial) and their performance at time point 4 or the end of first 

grade. Then, Class 3 appeared to recover (S2 = 5.202, p <. 001) and remained within one 

standard deviation from the mean for the continuing time points.  Their slope 3 was also 

significant (2.995, p < 0.0001) but their quadratic slope 3 was not significant, indicating a 

flat quadratic growth (0.685, p = .515). 

The R2 values for class 3 for the observed outcome measures (wave 1 through 

wave 9) are also varied. For time points involved with slope 1, R2 values range from .097 

to .339, indicating that the variation of the observed outcome measures are not well 

explained by the growth factors (intercept and slope) or the covariate of SES. However, 

the R2 values of time 5 to time 9 range from .555 to .680, indicating an increase in how 

well the outcome measures are explained by the growth factors of intercept and slopes.  

Class 4 consisted of 5.3% of the sample and had an average initial start of 5.66, 

which is about 1.5 standard deviations below the mean of CF. The starting point of Class 

4, or the “midrange class,” is below the mean; however, class 4 demonstrated a positive 
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slope 1 of 23.704 (p < .0001), demonstrating their improved CF over time. Class 4 

contained a significant negative slope 2, like the others (-14.152, p <  .0001), but a non-

significant slope 3 (1.184, p =.064).  

The R2 values for class 4 for the observed outcome measures (wave 1 through 

wave 9) are also varied. For time points involved with slope 1, R2 values range from .066 

to .251, indicating that the variation of the observed outcome measures are not well 

explained by the growth factors (intercept and slope) or the covariate of SES. However, 

the R2 values of time 5 to time 9 range from .467 to .578, indicating an increase in how 

well the outcome measures are explained by the growth factors for time points involved 

with slope 2 and 3.  

 Class 5 constituted 82.1% of the sample and has an average intercept of 8.605. 

Class 5’s slope remained fairly consistent, with the exception of slope 2 (S2 = -12.681, p 

< .001), which accounts for the change from only assessing accuracy to including both 

accuracy and reaction time. This change at slope 2 affected all classes except for those 

that did not gain mastery of accuracy on the DCCS assessment (classes 1 and 3). Class 5 

also accounts for the majority of the sample and included 11,576 individuals. Due to this, 

class 5 is considered the average development growth, or in reference to the 

multinominal logistic regression, the reference class. The covariances of class 5 are also 

all significant, indicating that their intercept impacted their future rate of growth on all 

slopes. Intercept with slope 1 (0.035, p < .05), intercept with slope 2 (0.202, p < 0.0001), 

and intercept with slope 3 ( -0.124, p < 0.0001). 

The R2 values for class 5 for the observed outcome measures (wave 1 through 

wave 9) are varied. For time points involved with slope 1, R2 values range from .041 to 
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.170, indicating that the variation of the observed outcome measures are not well 

explained by the growth factors (intercept and slope) or the covariate of SES. However, 

the R2 values of time 5 to time 9 range from .422 to .543, indicating an increase in how 

well the outcome measures are explained by the growth factors.  

Socioeconomic Status (SES) Covariate 

 The continuous variable of socioeconomic status (SES) was included as a 

covariate factor. Within the overall model, the intercept and slope 1 were positively 

related to parent SES. A one unit increase in SES was associated with a .169 (p < 0.000) 

gain for a student’s initial start point (intercept). Also, an increase in SES was associated 

with a .347 gain on a student’s slope 1 (p < .05). Slope 2 was not significant (-.186, p = 

.096). These results indicate that higher SES is associated with better performance at the 

initial assessment of the DCCS and over the first slope (waves 1-4).  

Hypothesis 2: Speech and Language Deficits in Kindergarten will Predict 

Membership in the At-Risk Class of Cognitive Flexibility 

  Multinomial logistic regression was then used to assess whether deficits in 

speech and language in the fall of kindergarten, as indicated by being in the lowest 10% 

on the preLAS 2000 assessment, predicted membership in the at-risk class for cognitive 

flexibility. With five latent classes, there are four logits in the multinomial logit model 

where the last class is treated as the reference group. These estimated logits were then 

transformed into probabilities to better understand the likelihood of those having not 

passed the screener, being in the at-risk trajectory class. When taking both intercept and 

slope into account, it was found that the probability of those who did not pass the speech 

screener, or odds of being in the at-risk trajectory group, was 54%. This was in 
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comparison to 28% for class 2, 1% for class for class 3, 2% for class 4, and 15% for class 

5.   These findings suggest that speech and language deficits by kindergarten increase the 

risk for membership in the at-risk and remediated trajectory class of cognitive flexibility. 

The equations that represent the probability of each class can be found in Table 9. 

When only taking the intercept factor into account when completing the 

transformation of the estimated logits to probabilities, the likelihood of those who did not 

pass the screener being in the at-risk trajectory group increased. When taking only the 

intercept into account, as opposed to above where intercept and rate of change was taken 

into account, it was found that the probability of those who did not pass the speech 

screener being in the at-risk trajectory group was 79%. This is in comparison to 5% for 

class 2, 1% for class 3, 1% for class 4 and 14% for class 5.   When only taking into 

account the intercept or beginning CF score, it is even more likely that a student 

struggling with speech and language deficits will also struggle with CF. The equations 

that represent the probability of each class can be found in Table 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



COGNITIVE FLEXIBILITY                                                                                        

 

62  

Chapter 5: Discussion 

 

 This chapter includes a discussion and interpretation of the results of the present 

study. The findings of multiple growth patterns are explored and assimilated with past 

research. The roles of SES and speech skills in relation to CF is then considered.  This is 

then followed by the current study’s limitations, ideas for future directions and 

implications.   

Summary of Important Findings 

Cognitive Flexibility Growth Patterns 

Growth mixture modeling (GMM) was used to examine the cognitive flexibility 

trajectories of a large, nationally representative sample of kindergarten children who were 

followed until the 5th grade. It was hypothesized that a 4-class model would best fit the 

data; however, the goodness of fit statistics did not indicate that. A 5-class model best fit 

the data. Although the number of classes hypothesized was not supported, the main idea 

of multiple classes held true in that not all children started or grew at the same rate. Class 

1 started low and remained low, class 2 started low but made significant gains, class 3 

started high but decreased significantly and then returned, class 4 started slightly below 

average but made significant gains and class 5 started around the mean and remained 

consistent across time. However, all classes, except the at-risk class, caught up by the end 

timepoint (5th grade). Also, interesting to note is that when a 4-class model was 

conducted, it appears that the mid-range class and remediated class were one class but the 

goodness of fit statistics implies that due to their difference regarding where each class 

started (intercept), was best to separate out to two classes. This shows that one single 

growth model does not adequately represent all students CF skills from kindergarten to 
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fifth grade.  If we were to traditionally only take a single growth line, the initial start 

points and rate of change of these specific classes would be lost to the general whole 

group.  By using GMM, it is instead possible to see the separate growth patterns of each 

class.  This is essential so that we can better understand development and growth over 

time for those who don’t fit the single growth line.   

CF and Learning 

A couple of factors may have played a role in why the hypothesis of 4 classes was 

not supported. When hypothesizing regarding number of classes, previous research on the 

specific ECLS-K:2011 dataset was utilized. However, that research focused 

predominantly on achievement in reading, mathematics, and science (Morgan et al., 

2019). The Morgan et al. study found 4 classes or group trajectories in each subject. Each 

group trajectory remained fairly consistent across time. For example, individuals who 

started below average remained below average, or there was a consistency across initial 

start point (intercept) being linked to rate of change (slope).  

There were also differences in analytic method between the Morgan et al. (2019) 

study and the current one. Those authors utilized PROJ TRAJ in SAS and chose to use a 

5% threshold for the size of the smallest trajectory group, thus rejecting models that 

contained more classes. These factors may have influenced the difference of results and 

they may have found more classes as well.  

Instead of looking at studies that focused predominantly on achievement results, it 

may have been more prudent to look at past research on cognitive assessment results or 

more specifically, fluid reasoning assessments. This study found that 82.1% of the 

sample fit into one class, which would be an approximate percentage of those 1.5 
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standard deviations above and below the mean. This class includes the largest section of 

the sample.  This suggests that it may be possible that CF, as assessed by the DCCS, also 

falls along a normal curve similar to intellectual functioning. There is support for this 

idea from a study completed to validate the DCCS. Zelazo et al. (2013) utilized the Block 

Design subtest for the WPPSI-II to demonstrate its convergent validity. There has also 

been a significant amount of research demonstrating that EF overlaps considerably with 

reasoning ability, or fluid intelligence (Ackerman, Beier, & Boyle, 2005; Kane, 

Hambrick, & Conway, 2005). Some believe that EF is identical with fluid intelligence 

(Kyllonen & Christal, 1990). Fluid intelligence can be defined as cognitive processing 

that is not associated with any specific content domain and as involving novel problem 

solving (Blair, 2006). It is important to consider how cognitive flexibility, as assed by the 

DCCS, and fluid intelligence may be similar or interact with each other. This information 

(that this study found most of the sample to fall into 1 class that looks similar to a normal 

curve) helps us to understand the nature of CF and the possibility that CF and fluid 

intelligence are identical or that they are highly correlated due to needing CF to complete 

fluid intelligence activities like the Block Design subtest.     

CF skills are necessary when problem solving, due to the need for flexibility when 

figuring out the best way to approach the problem. When we learn new skills, in the 

beginning, children and adults may be inconsistent. Some days we may be more 

successful than others on this new skill. The time points 1-4 have a great deal of 

variability. So much that the growth parameter of slope 1 had to be constrained, 

indicating that kindergarten and first grade students are not consistent across time. Also, 

the R2 values indicated that little of the variance was due to the growth factors of 
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intercept and slope 1. This means that there are other possible covariates that may help 

explain more of the growth between kindergarten and first grade.  However, for slope 3, 

all classes had significantly higher variance and it could be considered that the growth 

factors were responsible for a large portion of the variance.  

Previous research has often utilized cross sectional data and few studies have 

utilized longitudinal data. The current study makes significant contribution to the 

research in that it utilized data that has followed individuals from kindergarten to fifth 

grade and how their CF has grown over time. This is especially important because as 

noted in previous sections, most research has centered on pre-school children and has not 

extended through elementary school age children.   

SES and CF 

Consistent with past research (Blair & Raver, 2016; Farah et al., 2006; Farah et al. 

2008; Masten et al., 2012; Mezzacappa, 2004; Noble, Norman,, & Farah, 2005; 

Obradovic, 2010), SES played a significant role in the development of CF. Children with 

lower SES tended to have weaker CF.  However, its impact was strongest at the 

beginning time point or fall of kindergarten, when children may have had little or no 

previous exposure to school, as well between kindergarten to first grade. As time went 

on, SES remained significant but to a lesser degree.  This indicates how important early 

development of CF skills are and how early childhood experiences can impact CF skills 

development.   

Speech and CF 

It was then investigated whether and to what extent speech and language deficits 

increased the risk of experiencing each type of class trajectory, including the at-risk 
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trajectory. It was found that the probability of those who did not pass the speech screener 

or odds of being in the at-risk trajectory group was 54%. These findings suggest that 

speech and language deficits by kindergarten increase the risk for membership in the at-

risk and remediated trajectory class of cognitive flexibility and that hypothesis 2 was 

supported.  This supports previous literature in that speech and language skills are an 

important aspect of CF (Cragg & Nation, 2008; Crosbie et al., 2009; Karasinski, 2015; 

Pauls & Archibald, 2016; Roello et al., 2015). When we begin using language and 

naming objects, we utilize CF skills.  For example, when we learn the name of a specific 

object is chair, we then have to be flexible to multiple different types of chairs and 

include them under the label as chair.  Due to this, it is expected that there would be a 

relationship between CF and speech and language skills.   

Limitations 

Measurement Impurity and Ecological Validity  

Despite the useful findings, there are some limitations to this study. The most 

frequently mentioned challenge of assessing EF and CF is the concern of measurement 

impurity (Miyake et al., 2000). Measurement impurity is thought to occur because there 

are often multiple processes that contribute to individual differences in performance on 

any EF or CF task. For example, many tasks require a combination of executive and non-

executive cognitive processes to be completed successfully. The DCCS is an example 

where there is an impurity problem due to recruiting multiple executive tasks. To 

complete the DCCS successfully, the student may utilize all three EFs. For example, they 

have to inhibit their first response when switching, utilize working memory to keep in 

mind the correct switch, and then successfully switch (cognitive flexibility). If a student 
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performs low on the DCCS, it becomes a question of which part or parts with which they 

struggled (Zelazo et al., 2016). Although the ECLS-K:201l contained a very large sample 

size and a multi-year time frame with extensive measures, it did not contain multiple 

measures of cognitive flexibility. Using multiple measures of CF would decrease 

concerns with measurement impurity problems and allow us to be more confident in that 

we are truly assessing CF skills.  

There has also been a concern regarding ecological validity or that these highly 

structured tasks that are completed in a quiet and emotionally neutral setting are not 

adequately assessing CF skills in “everyday life”. In response to this concern, some have 

utilized questionnaire-based assessments that try to capture everyday EF skills by rating 

students based on observations from parents, teachers, or self. These assessments have 

had consistently weak associations with performance-based assessments and have raised 

questions about what is being measured. However, some believe that the questionnaire-

based assessments do a better job of assessing real life EF skills. Barkley and Murphey 

(2010) found that questionnaire-based assessments did a better job of relating to real-life 

performance and predicting later life outcomes.  This study questions how useful EF 

performance-based assessments may be to real life circumstances and how much they can 

help guide recommendations. One solution was to create an assessment that better 

approximated real-world contexts. Due to this, the Multiple Errands Task (MET) 

assessment was created (Burgess et al., 2006). Only one similar real-life assessment has 

been created for use with children called the Kitchen Task (Berg, Edwards & King, 

2012). This task has the child create play dough from a recipe and the examiner provides 

cues as needed and observes the child’s behavior and skills with this real-life task. 
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Although these assessments are relatively new, more possibilities are opening based on 

technological advances (Alderman et al., 2003). The DCCS has shown excellent validity, 

but having multiple measures of different types, like questionnaires or real-life 

assessments, that include structured observations, may address the ecological validity 

concern.   

Other Limitations 

There were multiple covariates that were not included in this study, but that may 

have an impact on cognitive flexibility development, such as gender, race, disability 

status, and academic or behavioral interventions. Adding in more covariates would likely 

help the model to be more appropriately identified (per Muthen & Muthen, 2000). More 

covariates would help explain more of the variance and influences of CF skills over time, 

especially for slope 1 where the R2  values indicated that the latent factors of intercept and 

slope did not explain a good portion of the variance.  The other covariates would also 

help us to know more about the individuals within the classes. The students who started 

low and caught up by time point 5 may have been due to possible interventions or just 

their individual natural progression of CF skills over time. However, one class, class 1, 

started low and did not close the gap between the other students. This may have been due 

to a lack of a specific intervention others received or their own individual natural 

progression. Although these other factors (e.g.,interventions, individual characteristics) 

were not assessed in this current study, SES did impact CF skills, especially upon entry to 

kindergarten.  

Another limitation is that the study’s estimates are not causal. Instead, the 

estimates indicate that speech and language deficits upon entry to kindergarten increase 
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the risk or probability of cognitive flexibility deficits from kindergarten to fifth grade 

while controlling for SES. Based on the results, it is not possible to say that speech and 

language deficits caused deficits in CF skills or vice versa.   

Also, another limitation is that the preLAS2000 is often utilized as a screener and 

does not give an in-depth assessment of speech and language skills. The preLAS2000 did 

provide adequate assessment to distinguish amongst those with speech difficulties in 

classes but it would most likely identify the most severe cases of expressive and receptive 

language skills and may not be sensitive enough to identify those with moderate to mild 

speech and language skill deficits. Also, this study utilized the total score and did not 

differentiate between receptive and expressive language skills.   

Data from the ECLS-K:2011 are available only through the fifth grade. Due to 

this, the study was unable to investigate whether the observed predictive relations 

between speech and language skills and children’s cognitive flexibility trajectories were 

present during middle or high school. Deficits in speech and language skills may become 

less of a risk factor for cognitive flexibility over time, possibly due to exposure to the 

school environment. When assessing for a longer period of time, it may be possible to see 

whether or not the exposure to the school environment eventually helps to remediate CF 

skills.  For example, it is possible that middle school curriculum or experiences are likely 

to help build these skills. 

Future Directions 

 It is vital to continue to examine EF, and more specifically CF, due to their known 

association with children’s achievement and success in school (Clark, Pritchard, & 

Woodward, 2010; Mazzocco & Kover, 2007). Limited research, and especially, limited 
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agreement on both theory and vocabulary of EFs and CF, limit the understanding of these 

constructs and make it difficult for clinicians to apply understanding and implement 

interventions that may be beneficial to children. Further investigating factors that may 

have influenced class 2 (remediated) and class 4 (mid-range) (both had low initial start 

points and higher rate of change) would further the understanding of what specific factors 

can be beneficial for children who initially struggle with CF. Important questions to ask 

would be: what type of programming did these students receive, what type of schools did 

these students attend, what type of individual characteristics do these individuals have, 

and what type of family and community factors are involved? Understanding these 

questions could help in both a systems approach (what programming may help build CF 

skills) to the family level (what parents can do to help build CF skills). 

 The ECLS:2011 dataset also assessed for working memory, another component of 

EFs. Further study that included this data would be beneficial to understand if working 

memory, another similar component of EF, also indicates multiple classes and how 

working memory develops over time. This would be beneficial due to the inter-related 

nature of EF skills and lead to better understanding of how they develop and/or work 

together.  

 There were distinct differences between waves 1-4 and waves 5-9 in this study. It 

may be more beneficial to look at each set of waves/slopes individually. There appears to 

be more variability within slope 1 or waves 1-4 as opposed to waves 5-9. This may also 

be due to CF’s similarity to fluid intelligence and how cognitive constructs establish 

themselves as children grow older. It is often difficult to assess individual components of 

intellectual functioning until children grow older and these skills differentiate themselves 
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from a more general intelligence. This is important for clinicians to establish to better 

understand learning and development within children.  Prior research has supported 

different growth patterns for both fluid reasoning and crystalized intelligence over a 

broader life span (2-92 years of age) but have not focused on specific age ranges or with 

varied assessments (McArdle et al., 2002).   

 The multinomial logistic regression, looking at whether or not a speech and 

language deficit predicts class membership, indicated significant results for both the at-

risk and remedial classes. This suggests that future research should investigate this 

further by utilizing a study with a more comprehensive speech and language assessment. 

It also would be important for future studies to look at either only receptive or expressive 

language to understand if one or both are connected to CF so that specific interventions 

can be tailored to the need. Another important future direction is to look at the remedial 

class and whether or not having been provided interventions around speech and language 

skills played a role in their remediation.  

Implications 

The findings of the current study have important implications for education and 

efforts to improve CF. Deficits in EF and CF have been reported to increase elementary 

school children’s risk for academic difficulties (Clark et al., 2010; Mazzocco & Kover, 

2007). If we think again about that 2nd-grade student mentioned in the very beginning 

who must utilize CF skills to be successful in the classroom, like switching between tasks 

or recognizing the appropriate level of their voice when inside, it is evident how 

important these skills are in the classroom environment.  When children struggle with 

these skills, it may appear that they have behavioral issues as opposed to a skill deficit.  
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This might prompt a teacher or parent to respond in a negative way, as opposed to 

coaching that child though building CF skills, especially if that child struggles 

consistently with CF skills. If schools consistently assessed for these skills within their 

student population, it may be more likely that teachers would be aware of the skill 

deficits and more likely to implement appropriate interventions.   

Recognizing the growth patterns found in this study help develop important 

suggestions for teachers and parents. This study identifies that some children will enter 

kindergarten with below age expectation CF skills and will either need support to build 

those skills or time to grow these skills on their own. However, most will reach their 

peers by the end of 5th grade.  Those that do not (at-risk class) will need support and 

intervention.   

Also, the amount of variability identified between kindergarten and second grade 

indicates that parents and teachers should expect variability or fluctuations of their 

children’s CF skills.  For example, on any given day, all students might need support with 

CF skills and that this is not atypical for children of this age group. 

The current study also showed the impact of speech and language deficits on CF 

and that children who failed the language screener are more likely to be in the at-risk 

class. This is important for the education system and parents to recognize so they are 

aware of the possible implications from these deficits and/or the need for interventions in 

the area of speech and language skills. This finding also supports the association between 

these two areas of speech and CF skills. This is important to recognize because it gives 

teachers and parents suggestions for interventions or to recognize that if students are 
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already identified as having speech and language concerns, they also may need to be 

assessed for CF skills and provided additional interventions.  

SES was also a significant factor in influencing CF. This supports that lower SES 

children enter kindergarten not as ready for the classroom environment compared to their 

peers of higher SES.  This has implications for specific policy in education and 

government.  Ameliorating poverty and the inconsistency in environment that comes with 

impoverishment will support children to develop age appropriate CF skills upon entry to 

kindergarten.  For example, screening children and initiating CF interventions in 

programs like Head start may help to facilitate these children’s CF skills.   

Summary 

This study investigated the cognitive flexibility trajectories of children in grades 

kindergarten through fifth grade and made significant contribution to the research by 

utilizing data that has followed individuals across nine time points or waves. Results 

found that 5 patterns existed.  These findings suggest that cognitive flexibility (CF) 

development has multiple growth trajectories or that children started and grew at different 

rates, although most of the sample (81.2%) belonged to one class. There were multiple 

classes depending on where some students started (their intercept) and their rate of 

change (slope). Socioeconomic status (SES) was significant, especially for initial 

cognitive flexibility levels. Those with higher SES levels performed better on the fall of 

kindergarten assessment. Those with speech and language deficits were also found to 

have increased probability of being in both the at-risk trajectory class (54%) and 

remediated class (28%). Both of these classes contained individuals whose initial starting 

cognitive flexibility was well below expected levels. This demonstrates the importance of 
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building speech and language skills in early childhood and that those skills can have an 

impact on other areas of development.   
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Table 1 

 

Participant Characteristics    

Characteristic                         N Percent 

Race   

     Hispanic 4324 23.8 

     White 12,688 69.8 

     Black/African American 2840 15.6 

Asian 1765 9.7 

American Indian/Alaska Native 430 2.4 

      Native Hawaiian/Pacific Islander 249 1.4 

Gender   

    Male 9288 51.2 

    Female 8847 48.8 
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Table 2 

 

Scores on Dimensional Change Card Sort 

Wave      Grade N Min Max Mean Std. Deviation 

1 Kindergarten Fall 15291 0.0 9.99 7.85 1.80 

2 Kindergarten 

Spring 

17149 0.0 9.99 8.33 1.54 

3 1st Grade Fall 4332 0.0 9.99 8.67 1.31 

4 1st Grade Spring 12900 0.0 9.99 8.85 1.26 

5 2nd Grade Fall 4708 3.35 9.67 6.62 .903 

6 2nd Grade Spring 13774 3.97 10.00 6.94 .848 

7 3rd Grade Spring 12744 4.34 10.00 7.31 .806 

8 4th Grade Spring 12021 4.76 10.00 7.68 .795 

9 5th Grade Spring 11386 5.04 10.00 8.01 .813 
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Table 3 

Scores on preLAS 2000 

preLAS N Percent 

Passed 14215 90.1% 

Did not Pass 1569 9.9% 

Overall 15874 100 

Note. Passed = Score of 16-20, Not Passed = Score of 0-15 
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Table 4 

 

Fit Statistics for Single-Group (Nonmixture) Models 

Model of 

Change 

CFI TLI RMSEA SRMR BIC 

Linear 0.000 0.000 0.107 0.680 365,570.589 

Quadratic 0.000 0.000 0.100 0.777 361,972.247 

Cubic 0.108 0.132 0.084 0.581 343,895.562 

Piecewise 

Quadratic 

0.976 0.965 0.017 0.028 319,483.868 

 

Note.  CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = Root Mean 

Square Error of Approximation; SRMR = Standardized Root Mean Square Residual; BIC 

= Bayesian Information Criteria. 

 

 

 

 

 

 

 

 

 

  



COGNITIVE FLEXIBILITY                                                                                        

 

105  

Table 5 

IC’s, Entropy, Likelihood Ratio Tests for LCGA Unconditional Model 

Measure 3 Classes 4 Classes 5 Classes 

BIC 316,610.101 312,725.118 308,732.965 

Entropy .940 .775 .807 

LMR-LRT test .4379 .2423 .1646 

Note. BIC = Bayesian Information Criteria, LMR-LRT = Lo, Mendell, and Rubin 

Likelihood Ratio Test 
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Table 6 

IC’s, Entropy, Likelihood Ratio Tests for LCGA Conditional (SES) Model 

Measure    2 Classes    3 Classes         4 Classes 5 Classes 6 Classes 

BIC 308901.211 303486.032 299,288.595 299,418.994 *** 

Entropy .936 .967 .981 .816 *** 

LMR-LRT test .0020 .5302 .1624 .0004 *** 

***No Convergence  

Note. BIC = Bayesian Information Criteria, LMR-LRT = Lo, Mendell, and Rubin 

Likelihood Ratio Test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



COGNITIVE FLEXIBILITY                                                                                        

 

107  

 

 

Table 7 

IC’s, Entropy, Likelihood Ratio Tests for GMM 

Measure 4 Classes 5 Classes 6 Classes 

BIC 284,425.311 283,739.283 283,653.929 

Entropy .985 .970 .908 

LMR-LRT test .0829 .0385 .3629 

 

Note: BIC = Bayesian Information Criteria, LMR-LRT = Lo, Mendell, and Rubin 

Likelihood Ratio Test 
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Table 8 

 

Multinomial Logistic Regression Results 

 

Class Number               Estimate        Standard Error         p value            Probability 

Class 1 -3.034 .286 0.000 54% 

Class 2 -1.60 .159 0.000 28% 

Class 3  -.249 .303 .411 1% 

Class 4 -454 .274 .097 2% 

Class 5 ***** **** **** 15% 

 

Note. Class 5 is the reference class 
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Table 9 

 

Multinomial Logistic Regression Equations for Probabilities, Intercept and Slope  

 

 

P(Class1) =                                         exp (-3.034)____________________ = .54         (1)                       

   exp (-.249) + exp (-.454) + exp (-1.6) +exp (-3.034) +1 

P(Class2) =                                         exp (-1.6)____________________     = .28         (2)                             

   exp (-.249) + exp (-.454) + exp (-1.6) +exp (-3.034) +1 

P(Class3) =                                         exp (-.249)____  ________________ = .01         (3)                                    

   exp (-.249) + exp (-.454) + exp (-1.6) +exp (-3.034) +1 

P(Class4) =                                         exp (-.454)____________________   = .02         (4)                              

   exp (-.249) + exp (-.454) + exp (-1.6) +exp (-3.034) +1 

P(Class5) =                                         1______         ______________ = .15         (5)                              

   exp (-.249) + exp (-.454) + exp (-1.6) +exp (-3.034) +1 
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Table 10 

 

Multinomial Logistic Regression Equations for Probabilities, Intercept only 

 

 

 

P(Class1) =                                         exp (1.275)____________________ = .79         (6)                       

   exp (.629) + exp (-1.856) + exp (-2.75) +exp (1.275) +1 

P(Class2) =                                         exp (.629)____________________     = .05        (7)                             

              exp (.629) + exp (-1.856) + exp (-2.75) +exp (1.275) +1 

P(Class3) =                                         exp (-2.75)____  _________________= .01        (8)                                    

   exp (.629) + exp (-1.856) + exp (-2.75) +exp (1.275) +1 

P(Class4) =                                         exp (-1.856)____________________   = .013     (9)                              

   exp (.629) + exp (-1.856) + exp (-2.75) +exp (1.275) +1 

P(Class5) =                                         1______         ______________ = .15         

(10)                              

   exp (.629) + exp (-1.856) + exp (-2.75) +exp (1.275) +1 
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Figure 1: Growth Mixture Model Path Analysis 
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Figure 2: Individual Observed Values of Whole Sample 
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Figure 3: Univariate Growth Models 

 

 
 

Linear Model 

 

 

 
 

Quadratic Model 
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Cubic Model 

 

 

 
 

Piecewise Model 
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Figure 4: Sample and Estimated Growth Means 
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Figure 5: Observed Individual Values and Estimated Mean per Class 

 

Class 1 -At Risk 

 

Class 2 – Remediated  
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Class 3 – Decreasing 

 

 

 

 

Class 4 – Mid Range 
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Class 5 – Average  
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Figure 6: Growth Mixture Models 

 

4-Class Model

 

5-Class Model and model with best model fit statistics 
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Appendix A 

Figure of Neurocognitive Skills and Associated Temperaments, Personalities, and Goal-

Directed Behavior 

 

 

 

 

 

(Zelazo, Blair, & Willoughby, 2016, p. 4) 
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Appendix B 

 

Model of Unity and Diversity  

(Friedman, Miyake, Robinson, & Hewitt, 2011, p. 1412) 
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Appendix C 

 

Goldstein and Naglieri Model 

 

 

Behaviors that reflect EF Social-Emotional 

Competence reflects EF 

Academic/Work reflects EF 

Brain Based Ability reflects EF 

(Goldstein & Naglieri, 2013) 
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Appendix D 

 

Iterative Reprocessing Model 

 

 

 

 

 

(Zelazo, Blair, & Willoughby, 2016, p.6) 
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