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ABSTRACT 

Theories of young children’s early social-emotional learning (SEL) suggest that strong 

self regulation and emotion knowledge aids children in achieving their social goals in specific 

contexts, including the transition into formal schooling (Denham et al., 2014; Payton et al., 2000; 

Rose-Krasnor, 1997). Children who are at-risk due to family income or behavioral problems are 

more likely to have delays in developing these skills, thus putting them at risk for poorer 

outcomes (Barnett et al., 2008; Belsky et al., 2007; Vandell, 2004; Yang et al., 2018). The 

present study aimed to expand upon previous research by using both latent growth curve 

modeling and cross-lagged panel models to provide specific information about the 

developmental trajectories of related skills in these at-risk populations. The first study examined 

executive function (EF) skills in relation to emotion knowledge, supporting the hypothesis that 

there were bidirectional relations between growth in the two constructs in preschool and 

kindergarten. The second study investigated how emotion knowledge and a measure of social 

adjustment in school are related, showing that emotion knowledge in kindergarten predicted 

school adjustment in the high-risk group, but not for the normative group. These studies 

expanded previous research by explaining the directionality in both overall growth and growth 

from one time point to the next between these SEL constructs. Implications for SEL curricula 

and intervention for children who are at-risk for developmental delays are discussed. 

Keywords: emotion knowledge, social-emotional learning, executive function skills, 

school adjustment, developmental trajectory 
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CHAPTER 1. 

INTRODUCTION 

Children’s social, academic, and psychological adjustment are at risk if they cannot 

understand emotions and react appropriately to them in a social scenario; thus, emotion 

knowledge is an essential aspect of young children’s development (for meta-analyses see 

Trentacosta & Fine, 2010; Voltmer & von Salisch, 2017). This is particularly true for children 

who have higher risk for developmental delays or disabilities, whether that risk is environmental 

(e.g., children from low income families; Conduct Problems Prevention Research Group 

[CPPRG], 1999) or biological (e.g., neuropsychological deficits that increase risk for 

development of conduct problems; Moffitt, 1993). In order for these at-risk children to succeed 

in social situations, they need skills including being able to recognize and understand emotions. 

Emotion knowledge falls under the umbrella of social-emotional learning (SEL). Previous 

research has examined and confirmed the importance of SEL for a variety of outcomes, 

including social competence and academic success (Denham et al., 2012a; Denham, Bassett, 

Zinsser & Wyatt, 2014; Payton et al., 2000; Rose-Krasnor, 1997). In addition, emotion 

knowledge is one of the primary skills that has been shown to help children meet their SEL goals 

(Denham et al., 2014). Thus, the present studies aimed to examine the development of SEL 

through the lens of emotion knowledge in two at-risk samples, examining differences in 

predictors and outcomes of emotion knowledge using latent growth curve modeling and cross-

lagged panel modeling.
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Emotion knowledge is commonly incorporated into theoretical models of SEL in the 

extant literature (Denham et al., 2014; Payton et al., 2000; Rose-Krasnor, 1997). Theorists view 

the development of SEL as influenced by both a changing social environment and by developing 

neurological structures in the brain (Denham et al., 2014; Waters & Sroufe, 1983; Weissberg & 

Greenberg, 1998). One theoretical model used to describe the development of SEL in young 

children takes on a prism shape, which is a modified version of Denham et al.’s (2014) model, as 

shown in Figure 1. The topmost layer of the model focuses on a broad success in social 

interactions, and the prism shape carries that success into different domains (e.g., school; 

Denham et al., 2014; Payton et al., 2000; Rose-Krasnor, 1997). For the purpose of the present 

studies, we focused on the topmost layer in relation to school. Within this layer, two specific 

skills, self regulation and emotion knowledge, help to form the foundation that aids children in 

meeting their goals in varying social environments. The extant literature for these two skill sets 

confirms they are related, but little research has focused on the specific growth rates of these 

skills in at-risk populations (Denham et al., 2012b; Denham et al., 2012c; Denham et al., 2011; 

Martins et al., 2016). The present studies aim to explore how emotion knowledge develops and 

what interactions its developmental trajectory has with other related constructs. 

 
Figure 1. Prism Model of Social Emotional Learning (Adapted from Denham et al., 2014; 
Payton et al., 2000; Rose-Krasnor, 1997). 
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Emotion Knowledge. Before looking at the growth of these SEL constructs, it is 

important to clearly define them for the purpose of the present studies. Emotion knowledge is 

defined here as the ability to understand and appropriately label emotions in any specific 

situation, and is considered an essential component to the prism model’s first layer of success in 

SEL (see Figure 1; de Rosnay, Pons, Harris, & Morrell, 2004; Denham et al., 2014; Harris, 2006; 

Harris, 2008; Martins, Osório, Veríssimo, & Martins, 2016). Previous research has correlated 

emotion knowledge with fostering interpersonal relationships. As previously mentioned, emotion 

knowledge contributes to children’s success in social interactions (de Rosnay, Pons, Harris, & 

Morrell, 2004; Harris, 2006; Harris, 2008; Martins, Osório, Veríssimo, & Martins, 2016).  

The development of emotion knowledge does not happen all at once; first, children learn 

basic differences in valence. They next learn levels of arousal and finally learn categorical 

distinctions between emotions of similar valence (Widen, 2013). Full distinctions among 

happiness, anger, sadness, and fear develop later (Widen, 2013). Previous research indicates that 

children who are at-risk are likely to have delays in the development of emotion knowledge 

(Izard, 2002; Miller et al., 2005). Children who have delays in emotion knowledge struggle more 

in interpersonal relationships, and have more trouble adjusting to the new social environment 

that formal schooling provides (Miller et al., 2005). Thus, emotion knowledge is a crucial aspect 

of SEL that enables children to succeed (Greenberg, Domitrovitch & Bumbarger, 2001; Izard, 

2002; Miller et al., 2005). Many studies have examined outcomes of emotion knowledge using 

both cross-sectional and longitudinal data; however, little of the current research has actually 

examined what the specific developmental trajectory of this skill looks like in different 

populations. The analyses in the present studies go beyond traditional repeated measures 

analyses by showing how one construct’s change over time interacts with another construct both 
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in terms of growth from baseline to the final time point as well as growth from one time point to 

the next. Additionally, the analyses provide insight to how individuals differ in their growth rates 

over time, rather than only looking at the average growth rate for the population. More 

traditional repeated measures analyses do not provide such a close examination of the interaction 

between constructs in how they develop. 

Advanced statistics can help to better inform us about the development of skills like 

emotion knowledge. There are multiple ways to examine growth using advanced statistics, each 

with their own set of advantages and disadvantages. Latent growth curve modeling is one 

advanced method that goes beyond the relationship between two time points and looks at the rate 

of change in the continuous latent trajectory between time points. This is something that cannot 

be directly observed, and enables researchers to detect inter-individual differences in initial 

levels and rates of change (Bollen & Curran, 2006; Duncan & Duncan, 2009). In other words, 

the analysis looks at the growth of the skill over time, which is not something that can be directly 

observed in a single time point or with cross-sectional data, to detect differences in initial levels 

and in growth. It allows us to see how the overall growth of one skill is related to overall growth 

in another skill, and to better understand how individuals differ in that growth over time. With 

this information, we can have a clearer understanding of the development of these skills and their 

relationship with one another.  

Another advanced method, cross-lagged panel modeling, is helpful when breaking down 

growth from one individual time point to the next. Cross-lagged panel models allow detection of 

directionality in different constructs from one time point to the next. Using a combination of both 

latent growth curve modeling and cross-lagged panel modeling provides a more complete picture 

of growth compared to using one method alone (Greene, Caracelli, & Graham, 1989; Symonds 
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& Gorard, 2010). In particular, the present studies aimed to look at the growth of emotion 

knowledge in a low-income population (Study 1) and a sample with high-risk for behavioral 

problems (Study 2) to examine the developmental trajectories of these two at-risk populations.  

 Executive Function Skills. In addition to emotion knowledge, executive function (EF) 

skills are another part of the SEL prism model that aids in meeting social goals (see Figure 1; 

Denham et al., 2014). It is important to note that the SEL prism model shows self-regulation as 

one of the facets that aids children in meeting social goals. For the purpose of the present study, 

we are examining self-regulation through the lens of EF skills, but EF skills make up only one 

cognition-driven aspect of self-regulation. EF skills are a distinct set of cognitive abilities that 

enable self-regulation by allowing individuals to inhibit automatic responses for more goal-

oriented responses (Banfield et al., 2004; Carlson, 2005). It is widely accepted in the literature 

that EF skills consist of 3 basic aspects: inhibitory control, working memory, and set shifting 

(Diamond, 2013; Zelazo & Müller, 2002). As these skills are first developing, they are 

considered to be interdependent, which makes it difficult to distinguish a preschooler’s 

individual skill at one type of EF from another (e.g., distinguishing inhibition from working 

memory; Baptista et al., 2017; Fuhs, Hornburg & McNeil, 2016; Hughes et al., 2000; Hughes & 

Ensor, 2008; Hughes, Ensor, Wilson, & Graham, 2010; Lee, Bull & Ho, 2013; Miyake et al., 

2000; Prager, Sera & Carlson, 2016; Wiebe, Espy, & Charak, 2008; Wiebe et al., 2011).  

The literature has examined the developmental trajectory of EF skills, particularly 

focusing on their development between ages 3 and 6 years (Diamond, 2013). Additionally, 

researchers have demonstrated EF deficits in children at-risk for developmental delays, from 

experiences such as toxic stress (Blair, Granger & Razza, 2005), neurodevelopmental disorders 

such as ADHD (Antshel, Hier & Barkley, 2014; Nigg, 2016), or poverty (Finegood & Blair, 
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2017). However, more research needs to be done on examining the developmental trajectory of 

EF skills in these special populations.  

Of course, EF skills and emotion knowledge do not develop independently in a vacuum; 

the literature demonstrates that they are correlated with each other and both contribute to the 

development of SEL as well as social and cognitive outcomes throughout the lifespan (Best, 

Miller & Jones, 2009; Dunn, 2010; Eakin et al., 2004; Moffitt et al., 2011; St Clair-Thompson & 

Gathercole, 2006). EF skills and emotion knowledge both are prominent features of the top-most 

layer of our SEL prism model (see Figure 1). Self regulatory skills enable a child to slow down 

and process what is happening in a social situation, rather than just reacting with their automatic 

instincts, and self-regulatory skills in combination with emotion knowledge provide a solid 

foundation for a child to work through social situations and engage in SEL (Denham et al., 

2012b; Denham et al., 2012c; Denham et al., 2011; Payton et al., 2000; Rose-Krasnor, 1997). 

As previously mentioned, the literature on both EF skills and emotion knowledge 

suggests they are related, both in correlational and longitudinal studies (Denham et al., 2012b; 

Denham et al., 2012c; Denham et al., 2011; Martins et al., 2016). There is some debate as to 

which of these skills come first in development, as some researchers argue that first children 

need to be able to control and shift their attention to be able to label varying emotions (Denham 

et al., 2012b; Martins et al., 2016). However, others claim that the understanding of emotions 

comes first and may help children to focus attention on the task at hand, rather than being 

confused or distracted by the emotions of the situation (Blankson, O’Brien, Leerkes, Marcovitch 

& Calkins, 2012). Based on the extant literature, longitudinal studies have shown stronger 

support for the first argument, that EF skill development precedes the development of emotion 

knowledge. Research suggests that early EF skills predict later emotion knowledge, but there is 
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little evidence that early emotion knowledge predicts EF skills (Denham et al., 2012b; Martins et 

al., 2016).  

However, just because EF skills may precede emotion knowledge early in development, 

does not mean that each skill cannot contribute reciprocally to the continuing development of the 

other (Blankson et al., 2012; Denham et al., 2012b; Denham et al., 2012c). An example of this 

reciprocal relationship is a child encountering a situation in which a friend is upset about a 

broken toy. If the child is able to recognize the friend’s emotion right away, he no longer must  

effortfully process the emotion of the situation and can instead move on to problem solving, an 

advanced EF skill (Blankson et al., 2012). This problem solving, in turn, may help the child more 

fully understand advanced emotions as he sees the friend’s emotions change when a solution is 

found. 

Thus, bidirectional relations may be at play when examining growth over time, and with 

the help of more advanced statistical methods, Study 1 used multiple time points to assess 

change developmentally, both in terms of initial development and the interaction of these two 

skills’ development over time. The primary aim of the Study 1 was to examine growth curves of 

EF skill development in relation to emotion knowledge development in a low-income sample. 

This goes beyond previous longitudinal studies by being able to assess directionality and actually 

see where the interaction happens in the growth trajectory.  

By using a multi-analytic approach, we examined the interaction of overall growth 

between emotion knowledge and executive functions, as well as directionality of their 

relationship from one time point to the next. This may or may not look similar to the extant 

literature discussed above, as the present study is one of very few to use this type of longitudinal 

data analysis with a special population. Information about the interaction of these two growth 
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curves in this special population is valuable for researchers and interventionists alike to better 

understand how to help these at-risk children. Additionally, this study also makes a nice 

contribution to a growing area of social cognition literature that focuses on the interactive 

relationship between EF skills and social skills, which includes emotion knowledge (Bierman & 

Torres, 2016; Carlson, Claxton & Moses, 2015; Greenberg, 2006; Izard et al., 2008). 

Social Adjustment in School. As a child grows older, there are many new social 

situations they must encounter, from interacting with their teacher at school to playing pretend 

games with friends in a local park. Having foundational skills like emotion knowledge aids 

children in being able to read the emotions in a situation and react appropriately, which fosters 

strong social skill development (de Rosnay, Pons, Harris, & Morrell, 2004; Harris, 2006; Harris, 

2008; Martins, Osório, Veríssimo, & Martins, 2016). The prism model of SEL suggests that 

emotion knowledge is one of the factors that contribute to success in meeting social goals for 

young children (Denham et al., 2014). This success then extends to specific domains, one of 

which is school (see Figure 1; Denham et al., 2014). This is consistent with previous literature 

that shows that having emotion knowledge aids children significantly in three dimensions of 

school success: academic performance, peer acceptance, and school adjustment (for a meta-

analysis see Voltmer & von Salisch, 2017). In particular, research has consistently shown that 

emotion knowledge is significantly related to attitudes and behaviors that were positive and 

aided their engagement in school, as well as reduced problem behaviors (for a meta-analysis see 

Voltmer & von Salisch, 2017). 

The behaviors described above are essential in easing the transition for a child from a 

home environment to a school environment. It is important to keep in mind however, that 

children that are from lower-income families or that have a higher risk of behavioral problems 
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may exhibit developmental delays (Barnett et al., 2008; Belsky et al., 2007; Vandell, 2004; Yang 

et al., 2018). Thus, the primary aim of Study 2 was to examine emotion knowledge and a 

measure of social adjustment in school using advanced statistics with a high-risk population in 

comparison to a normative population. The cross-lagged panels allowed us to confirm the 

directionality of this relationship and see if that differed between the normative group and the 

high-risk group. 

Risk Factors.  Previous research confirms that SEL is essential for young children’s 

success in school, both academically and socially, as well as their life-long wellbeing (Moore et 

al., 2015; Vandell, 2004; Yang et al., 2018). However, children from low-income families tend 

to not have the socialization and/or resources that their peers do, which leaves the potential for 

them to have developmental delays (Barnett et al., 2008; Belsky et al., 2007; Vandell, 2004; 

Yang et al., 2018). Low-income children tend to have more daily stressors, live in a more chaotic 

home environment, are often-times exposed to crime/violence from a younger age, and have 

more negative interactions with their parents than other children of the same age (Bobbitt & 

Gershoff, 2016; Duncan & Brooks-Gunn, 2000; Yang et al., 2018). These extraneous negative 

aspects of their home life take away from other experiences and exposure they could have early 

on in life to learn prosocial behaviors via positive family modeling.  

In addition to the environment being a risk factor for some children, there can also be 

biological risks that can negatively impact developmental outcomes (e.g., neuropsychological 

deficits that increase risk for development of conduct problems; Moffitt, 1993). In particular, 

researchers have examined many different pathways of the brain, including neurotransmitters as 

well as the Behavioral Activation System and the Behavioral Inhibition System to better 

understand the relation between conduct disorders and the brain (Gray, 1987; Hill, 2002; 
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Matthys, Vanderschuren, & Schutter, 2013; Quay, 1993). The extant literature here shows that if 

there is an imbalance in these two systems, children might not respond appropriately to a reward, 

or might not realize the significance of a punishment for doing a certain behavior. This can lead 

to poor regulation skills and inappropriate behavior, characteristic of conduct disorders (Hill, 

2002; Matthys, Vanderschuren, & Schutter, 2013; Quay, 1993). 

 Although there are some discernable differences in outcomes for certain children in low-

income families and those with behavioral problems, oftentimes these two factors co-occur and 

have compounding effects. Children in low-income circumstances frequently have higher levels 

of inattention and impulsivity in comparison to their peers, which can lead to issues including 

conduct problems (CPPRG, 1999b; Moffitt, 1993). Parenting also plays a significant role in the 

developmental process, and it has been causally demonstrated that early discipline failures can 

lead to children having conduct problems (CPPRG, 1999a; Patterson et al., 1992). With many 

low-income parents working 2-3 jobs to provide for their family and also experiencing higher 

rates of untreated mental health disorders themselves (Chazan-Cohen et al., 2007; Lorant et al., 

2007; Yeung, Livner & Brooks, 2002), children are more likely to experience low parental 

involvement and/or more harsh parenting strategies. However, not all low-income children have 

behavior problems – they just often constitute a higher percentage of those that do have behavior 

problems (Hill, 2002; Olson et al., 2005; Pitzer, Esser, Schmidt, & Laucht, 2009).  

As a result of the literature discussed above, many researchers have worked to create 

interventions to teach children SEL skills as well as pre-academic skills to try to improve their 

outcomes and prevent the snowball effect of compounding risk factors (Fuchs et al., 2005; Izard, 

2002; Passolunghi, Vercelloni, & Schadee, 2006; Welsh, Nix, Blair, Bierman, & Nelson, 2010). 

However, even with the substantial extant intervention research, very few studies have a large, 
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longitudinal dataset necessary to examine the growth curves of these skills and of their 

outcomes. These more complex analyses are essential in understanding how to best help children 

who are at-risk, because they provide insight to the exact developmental trajectory of emotion 

knowledge in relation to other SEL constructs.  

In order to get a clearer look at the developmental trajectory of these SEL skills, the two 

studies aimed to use latent growth curve modeling and cross-lagged panel modeling. These 

analyses provide the ability to understand exactly how these skills grow and interact with one 

another. As mentioned previously, emotion knowledge develops in stages over time, rather than 

all at once (Widen, 2013). If there is a specific time where the ability to fully distinguish between 

happy, sad, scared, and mad comes online for a child, and that facilitates growth in EF skills (or 

vice versa), latent growth curves allow us to be able to see that spike in the growth curve, and 

look at the interaction with other SEL constructs. Additionally, the use of cross-lagged panel 

models allows us to specifically detect the directionality of the relationship between the 

constructs from one time point to the next. More specifically, the unique contribution of these 

studies is exploring the trajectory differences of these at-risk populations as the literature on 

growth curves in these populations is sparse.  

Additionally, little work has been done to model the individual differences of these 

populations. The intercept only models of these growth curves showed individual differences in 

participant’s initial skill level. From there, latent growth curve models enabled us to examine 

both the overall growth trend over time, as well as individual differences in growth over time. 

The cross-lagged panel models allowed us to specifically see how the interaction between the 

constructs changed from one time point to the next. Collectively, these findings will inform both 

intervention and SEL curricula as to when the best time to intervene would be. The two studies 
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aimed to address these gaps in the literature by examining the growth of important SEL skills 

and outcomes in two different at-risk samples. 

Purpose of the Studies 

 The use of advanced statistics was the foundation of the two present studies, 

incorporating both latent growth curve models and cross-lagged panel models. Study 1 aimed to 

shed light on the development of SEL skills, specifically emotion knowledge and self-regulation, 

and to examine if/how their development interacts with one another in an at-risk sample. 

Following that, Study 2 aimed to look at the growth curve of emotion knowledge again, but in a 

slightly older (still at-risk) population, and examined that growth in relation to the development 

of school adjustment. These growth curve models provided specific information about how at-

risk children develop SEL skills, and how development is related to the way they are adjusting to 

the new social climate they experience at school. Specifically, I predicted the following: 

• Study 1 Aim 1: EF skill development will have a bidirectional relationship to emotion 

knowledge development from preschool to first grade in a low-income sample. 

• Study 2 Aim 1A: Emotion knowledge will predict initial levels of social adjustment in 

school, as well as be related to its growth over time from first to third grade. 

• Study 2 Aim 1B: The high-risk group will show a developmental delay in comparison to 

the normative group in both emotion knowledge and social adjustment in school.
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CHAPTER 2. 

STUDY 1 METHODOLOGY 

Participants 

 Participants’ data were used from a larger intervention study, including 302 boys and 261 

girls from two cohorts. The participants were enrolled in a large, federally funded, longitudinal 

social-emotional intervention study (Power PATH), and were recruited from 14 Head Start 

preschools across West Alabama. Cohort 1 data collection began in the fall of 2014, and Cohort 

2 data collection began in the fall of 2015. Participants were assessed at four time points: the 

beginning of their last year (fall) in preschool, the following spring, and then again in 

kindergarten and first grade. Intervention effects were controlled for in all analyses. Prior to 

collecting data, the University of Alabama’s Institutional Review Board approved the data 

collection (IRB #19-08-2654 for data collection, #19-09-2793 for this project’s analyses). 

Superintendent approval, school administrator approval, teacher written consent, parent written 

consent, and child verbal assent were obtained before data collection began. 

Table 1 presents demographic characteristics of the total sample. Eighty percent of 

participants were African American. This population was considered at-risk due to their low-

income status, with seventy-three percent of families making less than 25,000 dollars per year, 

which is at or below the federal poverty line.  
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Table 1 
 
Demographic Statistics.  
Construct Percent/Mean 
Gender  
     Boys 54% 
     Girls 46% 
Race  
     Caucasian 12% 
     African American 80% 
     Other 8% 
Mean Guardian Age (Years) 30.9 
Range Guardian Age (Years) 19 - 76 
Family Yearly Income < $25,000  73% 
Parent Education: High school/GED or beyond 75% 
Percent Rural  M = 54.6% 
 

Measures 

 Table 2 provides a list of the measurements that are pertinent to this study. Table 2 

describes each measure’s construct validity and reliability as reported in the literature.  

Table 2 

Measures Table by Construct.  
Measure Source Construct Validity (citation) Reliabilities 
Executive Function (EF) Skills 
Grass/Snow C Inhibitory control and working memory 

(conflict; Gerstadt et al.,1994) 
α = .56-.93 

Emotion Knowledge 
Assessment of 
Children’s 
Emotional Skills 
(ACES) 

C Recognition and labeling of emotions (Schultz, 
Izard & Bear, 2004) 

α = .46-.70 

Note. C = Child Direct Assessment.  

Child Assessment Measures – EF Skills The Grass/Snow task was used to examine 

EF skills (Gerstadt, Hong, & Diamond, 1994; α = .56-.93). Grass/Snow is a modification of the 

day/night task, and previous research has confirmed that while this task is primarily considered 

to be an inhibitory control task, aspects of working memory are also required to be able to 
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successfully navigate and complete the task (Gerstadt, Hong, & Diamond, 1994; Simpson & 

Riggs, 2005). This also captures the interdependence of EF skills at this young age, as mentioned 

previously. In this task, the participant was presented with a picture of grass and a picture of 

snow. Next, the participant had to inhibit the more automatic response of pointing to the picture 

of the word that the experimenter said, and instead point to the opposite picture. So, for example, 

the experimenter would have said the word “grass” and the child should then have pointed to the 

picture of snow. If the child picked the correct picture by pointing, they were given one point. If 

they did not, they got zero points. If a child initially pointed to the wrong answer, but then self-

corrected, they were given half of one point. The highest score possible was 16, and the closer to 

that score, the better the participants’ EF skills. 

Child Assessment Measures – Emotion Knowledge To assess emotion 

knowledge, the Assessment of Children’s Emotional Skills scale (ACES; Schultz, Izard & Bear, 

2004; α = .46-.70) was used. Fifteen vignettes of one-to-three sentences were read to the 

participant, all describing a situation that evoked an emotion, and then the experimenter asked 

the participant whether the protagonist in the scenario would feel happy, sad, scared or mad, 

while pointing to pictures of faces with the matching expression. The participant then pointed to 

the picture that matched the emotion they thought the protagonist felt, thus allowing for a 

nonverbal response. An example of a vignette would be a person dropping their ice cream cone 

(label: sad). The participants were given scores based on the number of correct answers given, 

with possible scores ranging from 0-15 and higher scores indicating better emotion knowledge. 
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CHAPTER 3. 

STUDY 1 RESULTS 

 The preliminary analyses were conducted in two steps. First, the preliminary analyses 

were computed, including descriptive statistics, correlations among variables of interest, and 

Intra-Class Correlations. Secondly, a description of the preliminary intercept only models was 

provided, followed by a discussion concerning power analyses.  

Preliminary Analyses  

All data were analyzed using Statistical Package for the Social Sciences (SPSS; IBM 

Corp, 2016) and M-Plus software (Muthén, & Muthén, 2004). All data were cleaned using a 

double entry procedure. The descriptive statistics are below in Table 3. 

Table 3 

Descriptive Statistics for Study 1. 
Variable M SD Possible 

Range 
Actual 
Range 

1. Grass Snow T1 6.71 6.19 0-16 0-16 

2. ACES T1 4.02 2.06 0-15 0-11 

3. Grass Snow T2 8.45 6.45 0-16 0-16 

4. ACES T2 5.35 2.41 0-15 0-11 

5. Grass Snow T3 11.62 5.91 0-16 0-16 

6. ACES T3 6.53 2.28 0-15 1-12 

7. Grass Snow T4 13.44 4.79 0-16 0-16 

8. ACES T4 7.61 1.99 0-15 1-12 

Note. ACES = Assessment of Children’s Emotion Skills. T = time point. * p < .05, ** p < .01. 
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Missing individual data points were replaced using mean imputation when possible. 

Latent growth curve modeling is advantageous in that the software can handle cases of missing 

time-point data where different participants have data at different sets of time (Byrne & 

Cromble, 2003). The data were examined to ensure that they meet the assumptions of the 

relevant test statistics (e.g., normality, variance, constancy, etc.) before the main analysis in order 

to ensure the proposed main analyses were viable. Correlations of all variables are listed in Table 

4. Prior to all analyses beyond descriptives, any effect of intervention condition was controlled 

for, with all intervention participants receiving a score of 1 and the control receiving a 0. 

Table 4 

Correlations Between Variables of Interest for Study 1. 
Variable 1. 2. 3. 4. 5. 6. 7. 8. 
1. Grass Snow T1 1 

       

2. ACES T1 .20** 1 
      

3. Grass Snow T2 .28** .31** 1 
     

4. ACES T2 .27** .40** .37** 1 
    

5. Grass Snow T3 .16* .29** .27** .27** 1 
   

6. ACES T3 .26** .41** .34** .51** .38** 1 
  

7. Grass Snow T4 .17** .19** .28** .30** .42** .34** 1 
 

8. ACES T4 .21** .29** .31** .41** .29** .48** .31** 1 

Note. ACES = Assessment of Children’s Emotion Skills. T = time point. * p < .05, ** p < .01. 

In order to confirm that the nesting of children in specific classrooms and schools over 

time was not an issue, Intra-Class Correlations (ICCs) were calculated. The value of ICCs can 

range from 0 to 1, with 0 indicating no evidence of nesting effects and 1 indicating that the 

nesting structure accounts for all of the variance in the model. Most researchers adhere to a 
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guideline of .10 as the cut-off for dependent variables to determine whether or not to account for 

nesting structure (Lee, 2000; Robson & Pevalin, 2015). ICCs were calculated for Time 1-4 data; 

Grass Snow and ACES revealed ICCs of less than .10 when accounting for classrooms and 

centers as nesting structures, so nesting is not a concern in this study. 

Preliminary analyses were run to examine the variability at baseline for each of the 

measures of interest (e.g., EF skills and emotion knowledge), by using an intercept-only latent 

growth curve, where only the intercept is allowed to vary and all other variance is restricted. This 

allows visualization of the starting points for each of the measures and allows for growth 

comparisons to later time points. Neither of these models were a good statistical fit, as expected, 

because most of the variance is restricted here. For the EF measure Grass Snow, the baseline 

scores ranged from 0-16, capturing the full possible range of scores. However, as shown in 

Figure 2a below, there is a slight floor effect, with many participants getting a score of 0 at time 

one. This is not surprising at the first time point, as children are expected to start out at a lower 

level in this skill and show growth in it over time. For the emotion knowledge measure ACES, 

the baseline scores ranged from 0-11, not capturing the full measure which can be scored up to 

15. There was not a floor effect, but a majority of the scores appear to be between 2 and 5, so at 

the lower end of the scores, as shown in Figure 2b. 

 

Figure 2a. Grass Snow at Time 1.     Figure 2b. ACES at Time 1. 
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Power analyses Voelkle and McKnight (2012) computed the power analyses of latent 

growth curve modeling. Type I error rates were regularly inflated for latent growth curve models 

with medium to small sample sizes (e.g., N ≤ 100). Thus, the recommendation is to have a 

sample size of at least N = 250 for growth curve modeling, which is in line with other literature 

that indicates larger sample sizes are required for this analysis (Shumacker & Lomax, 2016; 

Voelkle & McKnight, 2012). For the present study, the sample of approximately 563 well 

exceeds that minimum requirement. 

Primary Analyses 

The primary analyses were conducted in three steps. First, individual growth curves for 

emotion knowledge and EF skills were created to confirm growth over time in each construct. 

Second, a parallel process growth curve was created to examine the interaction of overall growth 

in the two constructs from time 1 to time 4. Third, a cross-lagged panel model was run to 

determine the interaction between the two constructs from one individual time point to the next. 

All models were created using M-Plus software (Muthén, & Muthén, 2004) and were 

assessed based on the following fit indices: root mean square error of approximation (RMSEA), 

standardized root mean square (SRMR) and the comparative fit index (CFI). Adequate fit was 

indicated by CFI > 0.90, RMSEA < 0.08, and SRMR < 0.10, and good fit was indicated by CFI 

> 0.95, RMSEA < 0.06, and SRMR < 0.08 (Browne & Cudek, 1993; Hu & Bentler, 1999, 

Shumacker & Lomax, 2016).  

For the first step of the primary analyses, individual growth curves were created 

separately for emotion knowledge and EF skills. Five iterations of each model were created, 

starting with a completely restricted iteration that allowed no variance of any kind, and 

progressing towards the fifth iteration where the model variance was completely unconstrained. 
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The idea is that the unconstrained model should be the best fit because the intercepts and slopes 

are allowed to vary without any constraints, suggesting growth over time in each construct. The 

fit indices for each of the two unconstrained models suggested good or acceptable fit, thus 

confirming growth over time in each construct, as shown below in Table 5. 

Table 5. 

Fit Statistics for Individual Growth Curves for Study 1. 
Measure X2 (df) p-value RMSEA SRMR CFI 

ACES 19.98(17) p = .28 .05 .07 .95 

Grass Snow 21.39(17) p = .20 .05 .06 .83 

Note. ACES = Assessment of Children’s Emotional Skills. RMSEA = Root Mean Square Error 
of Approximation, SRMR = Standardized Root Mean Square Residual, CFI = Comparative Fit 
Index. 
 The second step of the primary analyses was to create a parallel process growth curve to 

examine the interaction of the overall growth in emotion knowledge and EF skills from time 1 to 

time 4, using latent slope and intercept variables. The conceptual parallel process model is 

pictured in Figure 3. 

 

 Figure 3. Conceptual Parallel Process Model for Study 1. 
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The parallel process growth curve demonstrated good fit to the data (X2 = 49.73, p < .05, 

RMSEA = .04, CFI = .95, SRMR = .06). The chi-square value was reported, but not interpreted 

due to its oversensitivity to reject well-fitting models in large samples (Chen, 2007; Cheung & 

Rensvold, 2002). A quadratic slope was also tested and found to be non-significant. Parameter 

estimates are in Table 6, and are interpreted similarly to factor loadings of a factor analysis.  

Table 6 

Standardized Factor Loadings for Parallel Process Model for Study 1. 
Construct  Standardized Factor Loading (SE) 
ACES Time 1 – Intercept Latent Variable .64** (.04) 
ACES Time 2 – Intercept Latent Variable .58** (.04) 
ACES Time 3 – Intercept Latent Variable .64** (.05) 
ACES Time 4 – Intercept Latent Variable .66** (.09) 
Grass Snow Time 1 – Intercept Latent Variable .50** (.04) 
Grass Snow Time 2 – Intercept Latent Variable .51** (.04) 
Grass Snow Time 3 – Intercept Latent Variable .55** (.05) 
Grass Snow Time 4 – Intercept Latent Variable .66** (.06) 
ACES Time 1 – Slope Latent Variable 0 (NA) 
ACES Time 2 – Slope Latent Variable .07** (.01) 
ACES Time 3 – Slope Latent Variable .28** (.07) 
ACES Time 4 – Slope Latent Variable .44** (.12) 
Grass Snow Time 1 – Slope Latent Variable 0 (NA) 
Grass Snow Time 2 – Slope Latent Variable .09** (.01) 
Grass Snow Time 3 – Slope Latent Variable .36** (.05) 
Grass Snow Time 4 – Slope Latent Variable .66** (.09) 
Note. ACES = Assessment of Children’s Emotional Skills. NA = Not Applicable.  
* p < .05. ** p < .001. 
 

The intercept of emotion knowledge was strongly related to the intercept of EF skills, r = 

.94, p < .001, such that individuals who started out higher in one skill were likely to start out 

higher in the other. The slope of each construct was also significantly related, r = .45, p < .05, 

such that children who demonstrated more rapid growth in one domain were likely to show rapid 

growth in the same direction in the other domain. In terms of interindividual differences, the 

intercepts and slopes both showed significant variance (all p’s < .005), suggesting that 
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participants started out at significantly different levels, as well as changed at varying rates over 

time for both skills. The intercept of emotion knowledge was significantly negatively related to 

the slope of EF skills (r = -.31, p < .05). This indicates that participants who started out higher in 

emotion knowledge were likely to have a more gradual increase in EF skills over time. There 

was not a significant relationship between the EF skills intercept and the slope of emotion 

knowledge. 

 For the third step of the primary analyses, cross-lagged panel models were run to 

examine the interaction between EF skills and emotion knowledge from one individual time 

point to the next. The overall model was a good fit (X2 = 32.95, p < .05 , RMSEA = .05, CFI = 

.95, SRMR = .04) and all paths were significant between the two constructs of interest except for 

EF skills at Time 3 (kindergarten) predicting emotion knowledge at Time 4 (first grade), as 

shown in Figure 4 below. Overall, the significant cross-lagged panels suggest bidirectional 

influences for these skills in the last year of preschool as well as in the transition to kindergarten, 

but from kindergarten to first grade, only emotion knowledge is a significant predictor of growth 

in EF skills, with the reverse not significant. 

Figure 4. Cross-Lagged Panel Results for Study 1. 
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Post-Hoc Analyses 

 The main analyses were limited due to collinearity issues between the emotion 

knowledge measure and a measure of vocabulary, which was originally going to be used as a 

time-varying covariate in the models. Collinearity adjustments were attempted, but the full 

model would not run with both emotion knowledge and vocabulary included. As a result, post-

hoc analyses were run to confirm that emotion knowledge is what is driving the findings, rather 

than the vocabulary variance that we were not able to control for. Orthogonalized residuals for 

the emotion knowledge measure were calculated. This reflects the variance in the emotion 

knowledge measure that is not correlated with vocabulary. A parallel process model and a cross-

lagged panel model were then run to examine the similarities between a model with 

orthogonalized emotion knowledge variance and the original model. If these models were 

similar, this would support the conclusion that emotion knowledge is what is driving the effects 

found above and not vocabulary. If the models are not similar, this suggests that vocabulary is 

what is driving the significant effects found, rather than emotion knowledge. 

 The parallel process model for the orthogonal model indicated good fit to the data (X2 = 

22.65, p = .54, RMSEA < .01, CFI = 1.00, SRMR = .04) and overall the results were very similar 

to the original model, in that the two intercepts were positively related (r = .78, p < .05). 

Additionally, there was significant variance in both intercepts and slopes, which mirrors the 

original results. The cross-construct results also remained the same in that the intercept of the 

orthogonalized emotion knowledge measure had a significant negative relationship with the 

slope of EF skills (r = -.72, p < .05). The only major difference in these results were that the two 

slopes were not correlated (r = .72, p = .34). This indicates that children who showed rapid 

growth in one domain were not always who showed rapid growth in the other. Additionally, the 
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model estimates are slightly different. Overall, the interaction between the two constructs is 

similar, supporting emotion knowledge, not just vocabulary, driving the bidirectional relations in 

growth of emotion knowledge and EF skills from Time 1 to Time 4. 

 The orthogonalized cross-lagged panel model also indicated acceptable fit to the data (X2 

= 35.32, p < .05, RMSEA = .05, CFI = 87, SRMR = .04). In terms of the interaction, the 

orthogonal model shows significant bidirectional paths from Time 1 to Time 2 and Time 2 to 

Time 3, identical to the original model. The only difference in this model is seen from Time 3 to 

Time 4. Neither path is significant here, whereas the original model showed emotion knowledge 

significantly predicting EF skills. Thus, in the orthogonal model, there is no significant 

interaction between either construct from kindergarten to first grade, as it appears vocabulary is 

what accounted for emotion knowledge predicting EF skills at that point. However, the 

bidirectional relations among constructs from preschool to kindergarten were supported as 

indicated in the original model.  
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CHAPTER 4. 

STUDY 1 DISCUSSION 

 The results of Study 1 provided insight as to how the relationship between EF skills and 

emotion knowledge changes over time in an at-risk sample. For Aim 1, we found partial support 

for the hypothesis of bidirectional relations between EF skills and emotion knowledge – they 

were bidirectional in preschool and in transition to kindergarten, but bidirectional relations were 

not shown from kindergarten to first grade. This suggests these SEL skills facilitated 

development in each other reciprocally in preschool, and that their overall growth was related. 

However, from kindergarten to first grade, only emotion knowledge significantly predicted EF 

skills, and that relationship appeared to be driven by vocabulary, which will be discussed in 

detail below. In the preliminary analyses, it was interesting to see that the correlations revealed 

much more consistency (e.g., higher correlations) across time in emotion knowledge than in EF 

skills. This may be due to a task effect or may be explained by other factors that impacted their 

performance, such as sustained attention.

Then, for the primary analyses, in order to investigate the interactions of overall growth 

in EF skills and emotion knowledge, we employed a parallel process growth curve to examine 

how these skills interacted from preschool to first grade. Consistent with previous research, the 

latent intercepts (a proxy for the baseline skill level where children started in preschool) for both 

skills were strongly and significantly positively correlated. This tells us that children who started 

out higher in one skill were generally consistent and usually showed higher scores in the other 

skill as well. Additionally, the latent slope variables for each skill were positively related over 
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time, which provided strong support for the co-development of these skills in the preschool and 

early elementary school years. These results are very similar to what is seen in the extant 

literature for normative groups, which suggests that these interactions are seen in a variety of 

populations (Schmitt et al, 2017; Willoughby et al., 2011). Additionally, a majority of this 

limited area of the research is focused on only examining a single skill’s growth, rather than the 

growth and interaction of more than one skill, so this study adds to the literature by 

demonstrating the bidirectional interaction of these skills and their growth over time in an at-risk 

sample (Doan, Lee & Wang, 2019; Lensing & Elsner, 2018; Voltmer & Salisch, 2019). 

After demonstrating the overall growth interaction, cross-lagged panel models were used 

to provide specific details about the relationship between these skills from one time point to the 

next. The panel model supported bidirectional relations between EF skills and emotion 

knowledge in preschool and kindergarten. This makes sense in that as children are first 

developing these skills in preschool, their bidirectional growth is fundamental to development 

(Denham et al., 2012b). Having the ability to regulate yourself and focus on completing a goal 

would help with navigation of solving emotionally-focused situations, and vice versa. Thus, 

these SEL skills are essential in facilitating development in one another from a young age. 

However, in the transition from kindergarten to first grade, emotion knowledge 

significantly predicted growth in EF skills, but EF skills no longer significantly predicted growth 

in emotion knowledge. This was not due to a ceiling effect in this specific task, because the same 

relationship was found with other measures of EF skills. This was an unexpected finding, but it 

may be related to the differences in cognitive load required for each skill. It can also be better 

understood from the fact that in our post-hoc analyses with orthogonalized variance of emotion 

knowledge, neither path from kindergarten to first grade was significant. This indicates that 
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vocabulary – typically used as a proxy for intelligence – explained emotion knowledge’s 

predictive variance of EF skills from kindergarten to first grade. Thus, for the primary interaction 

of interest, as children progress into first grade, it is possible that the general cognitive load 

required to use either of these skill sets lessens and development in each skill becomes more 

domain-specific. For example, rather than emotion knowledge just relying on the ability to shift 

attention, as it advances it becomes more about understanding the nuances of social situations, 

and the cognitive aspect becomes more inherent. In the same way, the development of fragile EF 

skills in a naturalistic setting/real world situation is supported by enhanced emotion knowledge 

(fewer confusing emotional situations), but becomes more distinct in focusing on more complex 

cognitive facets of development as it advances. 
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CHAPTER 5. 

STUDY 2 METHODOLOGY 

Participants 

 Data from 754 participants were used from a larger intervention study. The 

participants came from the FastTrack National Data Set (CPPRG, 2007) which was a 

comprehensive intervention addressing academic skills as well as social-emotional functioning. 

The participants came from four different communities in the United States; the data collection 

for the first cohort began in 1991, with two more cohorts starting the next two consecutive years. 

A thorough process identified participants that were high-risk for behavioral problems (N = 367; 

e.g., this sample had clinically elevated levels of behavior problems both at home and in school 

as rated in the Teacher Observations of Child Adaptation-Revised and Child Behavior Checklist; 

CPPRG, 2007), and a normative group was also selected (N = 387).  

 The mean age of the participants at baseline was 6.5 (SD = 0.48), and the sample 

was primarily African American (51%) or European American (47%) with 2% of the population 

of other ethnicity. Overall the population consisted of low socio-economic status with 40% of the 

participants’ parents ranking in Hollingshead’s (1975) lowest category of unskilled worker. The 

children were assessed on emotion knowledge in kindergarten thru second grade, and vocabulary 

in kindergarten and first grade. Teachers were asked about social adjustment of each participant 

in first through third grade. Prior to data use, IRB approval was given from the University of 

Alabama to analyze this data (IRB #19-09-2793), and the primary investigators for 
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the Fast Track project gave their approval of the proposed analyses. Table 7 presents 

demographic characteristics of the total sample. 

 Table 7 

Demographic Statistics.  
Construct Percent/Mean 
Gender  
     Boys 58% 
     Girls 42% 
Race  
     Caucasian 47% 
     African American 51% 
     Other 2% 
Family Yearly Income < $25,000 – unskilled 
worker 

40% 

Parent Education: High school/GED or beyond 76% 
 
Measures 
 
 Table 8 provides a list of the measurements that are pertinent to the study and describes 

each measure’s construct validity and reliability as reported in the literature.  

Table 8 

Measures Table by Construct.  
Measure Source Construct Validity (citation) Reliabilities 
Emotion Knowledge 
Emotion 
Recognition 
Questionnaire 
(ERQ) 

C Recognition and ability to label emotions 
(Ribordy, Camras, Stefani, and Spaccarelli, 
1988) 

α = .43-.70 

Vocabulary 
Vocabulary Task C Verbal Ability Module of Wechsler 

Intelligence Scale for Children-Revised 
(WISC-R; Wechsler, 1974) 

α = .94 

Social Adjustment in School 
Social Health 
Profile 

T Combination of two measures: the Teacher 
Observation of Classroom Adaptations – 
Revised (TOCA-R) and the Social 
Competence Scale (CPPRG, 1990; 
Werthamer-Larsson, Kellam, & Wheeler, 
1991) 

α = .73-.93 

Note. C = Child Direct Assessment. T = Teacher report.  
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Child Assessment Measure – Emotion Knowledge Children’s emotion knowledge was 

assessed from kindergarten to second grade using an adapted version of the Emotion Recognition 

Questionnaire (ERQ; Ribordy, Camras, Stefani, and Spaccarelli, 1988; α = .43-.70). There were 

16 items, including four vignettes describing happiness, four of sadness, four of anger, and four 

of fear. The experimenter first confirmed that the participant could recognize the emotion shown 

in four different drawings, thus enabling a nonverbal response to the vignettes that followed. The 

experimenter then read each vignette to the participant (gender-specific) and the participant 

identified the character’s primary emotion by pointing to the drawing of the emotion that 

matched the situation, making this a virtually identical task to the one in Study 1. For each 

correct label, the child received one point, with a maximum score of 16. Higher scores indicated 

stronger emotion knowledge.   

Child Assessment Measure – Vocabulary Children’s vocabulary was used as an initial 

predictor, as assessed in kindergarten and first grade. Vocabulary plays a significant role in 

understanding SEL, in that children must be able to communicate with others in order to both 

express their own feelings and to understand what another person says and/or feels (Brock et al., 

2018; Monopoli & Kingston, 2012). Additionally, vocabulary partially assesses how well 

participants can understand the verbal task instructions and can serve as a proxy for general 

intelligence. Thus, vocabulary was used as a time-varying predictor when looking at the growth 

of emotion knowledge. The vocabulary measure from the Verbal Ability Module of Wechsler 

Intelligence Scale for Children-Revised (WISC-R; Wechsler, 1974; α = .94) was used to assess 

the participant’s ability. Children were shown a picture while a word was said aloud and were 

asked to define the word. They received a score of 0-2 based on the sophistication of their 

definition. Higher scores indicated higher vocabulary. 
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Teacher Questionnaire Measure – Social Adjustment Each participant’s teacher was 

asked to fill out a form indicating his or her students’ social adjustment profile from first to third 

grade (CPPRG, 1990; Werthamer-Larsson, Kellam, & Wheeler, 1991; α = .73-.93). This measure 

was created as a combination of two measures – the Teacher Observation of Classroom 

Adaptations – Revised (TOCA-R; developed by Kellam et al and published in Werthamer-

Larsson, Kellam, & Wheeler, 1991) and the Social Competence Scale (CPPRG, 1990). There 

were 26 items from the TOCA-R that reflected aggressive behavioral traits (Werthamer-Larsson, 

Kellam & Wheeler, 1991), as well as nine behavior-rating questions that were used to assess 

social competence. Additionally, six questions were added about peer liking/disliking and 

specific aspects of adjustment (e.g., days absent; CPPRG, 1990). For all teacher-rated scales, 

scores represented average item ratings with higher scores indicating poorer adjustment. For all 

analyses, the social competence questions formed a composite score, as suggested by the creators 

of the measure (CPPRG, 1990). 
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CHAPTER 6. 

STUDY 2 RESULTS 

The preliminary analyses were conducted in two steps. First, descriptive statistics, 

correlations among variables of interest, and Intra-Class Correlations were computed. Next a 

description of the preliminary intercept only models and power analyses were provided. 

Preliminary Analyses  

All data were analyzed using Statistical Package for Social Sciences (SPSS; IBM Corp, 

2016) and M-Plus Software (Muthén, & Muthén, 2004). First, the intervention condition was 

controlled for in all following analyses, with intervention participants getting a 1 and the control 

group getting a 0. Missing individual data points and data examination were handled the same 

way as Study 1 as described on pg. 16. The descriptive statistics are listed in Table 9.  

Table 9 

Descriptive Statistics for Study 2. 
Variable M SD Possible 

Range 
Actual 
Range 

1. WISC-V T1 13.10 5.10 0-50 0-35 

2. ERQ T1 11.01 2.82 0-16 2-16 

3. WISC-V T2 16.87 5.46 0-50 0-43 

4. ERQ T2 12.40 2.42 0-16 4-16 

5. SHP T2+ 2.20 1.09 0-9 0-5 

6. ERQT3 13.45 1.97 0-16 1-16 

7. SHP T3+ 2.24 1.03 0-9 0-5 

8. SHP T4+ 2.22 1.10 0-9 0-5 

Note. WISC-V= Weschler Intelligence Scale for Children – Vocabulary. ERQ = Emotion 
Recognition Questionnaire. SHP = Social Health Profile. T = time point.  
+Higher scores on the SHP indicate poorer adjustment. * p < .05, ** p < .01. 
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Correlations of all variables are listed in Table 10. Please note that for the SHP higher 

scores indicate higher adjustment problems, so we expect a negative correlation with the other 

variables. 

Table 10 

Correlations Between Variables of Interest for Study 2. 
Variable 1. 2. 3. 4. 5. 6. 7. 8. 
1. WISC-V T1 1 

     
  

2. ERQ T1 .40** 1 
    

  

3. WISC-V T2 .59** .42** 1 
   

  

4. ERQ T2 .33** .44** .40** 1 
  

  

5. SHP T2+ -.26** -.20** -.28** -.25** 1 
 

  

6. ERQ T3 .28** .37** .32** .39** -.21** 1   

7. SHP T3+ -.22** -.19** -.27** -.18** .48** -.16** 1  

8. SHP T4+ -.20** -.21** -.21** -.16** .51** -.13** .56** 1 

Note. WISC-V= Weschler Intelligence Scale for Children – Vocabulary. ERQ = Emotion 
Recognition Questionnaire. SHP = Social Health Profile. T = time point.  
+Higher scores on the SHP indicate poorer adjustment. * p < .05, ** p < .01. 
 

In order to examine if nesting of children in specific classrooms and schools over time 

impacted the results, Intra-Class Correlations were calculated. ICCs were calculated for region, 

school, and classroom. Multiple ICC values above .10 were found, which indicated that nesting 

must be accounted for in all analyses. Thus, maximum likelihood estimation methods were 

applied to correct for non-independence, as well as the use of the TYPE: COMPLEX command 

in M-Plus (Ferreira et al., 2018; Hernandez et al., 2018; Muthén, & Muthén, 2004). This TYPE: 

COMPLEX command computed standard errors and chi-squared test of model fit by taking into 

account the non-independence of the data (Muthén, & Muthén, 2004). 
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Prior to the primary analysis, preliminary analyses were run to examine the variability at 

baseline, as described in Study 1 on pg. 18. As we have a normative comparison group and a 

high-risk group, four intercept only models were created, one for each of the two domains, with 

two for the normative group and two for the high-risk group. None of these models were a good 

fit, which was expected, as most of the variance is restricted in these models. For both measures, 

the normative and high-risk groups look relatively comparable at Time 1. Moreover, the 

normative group’s ERQ had a slightly higher mean and their SHP had a slightly lower mean, 

which logically follows previous research showing that high-risk children are not as proficient in 

emotion skills nor are as well adjusted to school. 

                          

Figure 5a. Normative ERQ at Time 1.   Figure 5b. High-Risk ERQ at Time 1. 

                    

Figure 5c. Normative SHP at Time 2.   Figure 5d. High-Risk SHP at Time 2. 
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Power Analysis. Voelkle and McKnight (2012) computed the power analyses of latent 

growth curve modeling. Type I error rates were regularly inflated for latent growth curve models 

with medium to small sample sizes (e.g., N ≤ 100). Thus, the recommendation is to have a 

sample size of at least N = 250 for growth curve modeling, which is in line with other literature 

that indicates larger sample sizes are required for this analysis (Shumacker & Lomax, 2016; 

Voelkle & McKnight, 2012). The sample size for both the normative (N = 387) and high-risk (N 

= 367) samples exceeded that requirement. 

Primary analyses 

The primary analyses were conducted by first calculating individual growth curves for 

both emotion knowledge and social adjustment and comparing group differences in growth over 

time. Finally, a cross-lagged panel model was run to examine group differences in the interaction 

between the constructs.  

All models were created using M-Plus software (Muthén, & Muthén, 2004) and were 

assessed based on the following fit indices: root mean square error of approximation (RMSEA), 

standardized root mean square (SRMR) and the comparative fit index (CFI). These fit indices 

were the same as Study 1 and fit is described on pg. 19.  Individual growth curves were created 

separately for emotion knowledge and social adjustment, using vocabulary as a covariate. Five 

iterations of each model were created in the same process as Study 1, as described on pg 19. 

For the ERQ, the high-risk group had a slightly lower intercept value, but it was not 

significantly different from the normative group, X2 (1) = 1.21, p > .05. The slopes for the two 

groups were also not significantly different, X2 (1) = .72, p > .05, suggesting that overall growth 

showed a similar trend in each of the groups, which can be seen in Figure 6.  
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Figure 6. ERQ Group Comparisons Across Time. 

For the SHP, the high-risk group had a significantly higher intercept value than the 

normative group, X2 (1) = 3.89, p < .05, which makes sense because higher scores indicate more 

adjustment problems. However, the slopes for the two groups were not significantly different 

from each other, X2 (1) = .52, p > .05, as well as both nonsignificant over time, suggesting that 

there was no significant linear increase or decrease in social adjustment over time for either 

group, as shown in Figure 7 below.  This is likely due to the fact that the scores provided are 

each participant’s average score, but that is what the Fast Track program provided. The fit 

statistics for both models are in Table 11. 
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Figure 7. SHP Group Comparisons Across Time. 

Table 11. 

Fit Statistics for Individual Growth Curves for Study 2. 
Measure X2 (df) p-value RMSEA SRMR CFI 

ERQ 6.36(2) p = .04 .07 .02 .98 

SHP 4.22(6) p = .64 < .05 .03 1.00 

Note. ERQ = Emotion Recognition Questionnaire. SHP = Social Health Profile. RMSEA = Root 
Mean Square Error of Approximation, SRMR = Standardized Root Mean Square Residual, CFI 
= Comparative Fit Index. 
 
 Unfortunately, due to the nonsignificant slopes in the social adjustment measure, parallel 

process growth curve modeling for the interaction between the two constructs was not viable. A 

latent slope variable cannot be predictive of another construct if there is no significant rate of 

change over time (Byrne, 2012). However, cross-lagged panel models are less restrictive and 
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allow flexibility in rates of change over time, while still enabling researchers to examine the 

interaction between constructs. Thus, cross-lagged panel models were run to examine the 

interaction between emotion knowledge and social adjustment from one individual time point to 

the next, with vocabulary as a covariate. The overall model was a good fit (X2 = 34.98, p < .05 , 

RMSEA = .05 , CFI = .98, SRMR = .02). For the high-risk group, the only two significant paths 

of interaction were emotion knowledge in kindergarten and first grade both predicting increased 

social adjustment in school in first grade, as shown in Figure 8. However, for the normative 

group, those paths were both nonsignificant, indicating that there was not a significant 

interaction between the two constructs for that group. 

 

Figure 8. Cross -Lagged Panel Results for High-Risk Group. *p < .05. **p < .05 
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CHAPTER 7. 

STUDY 2 DISCUSSION 

 The results of Study 2 had important implications for our hypotheses. For hypothesis 1A, 

we found partial support, in that for children high-risk for behavior problems, emotion 

knowledge in kindergarten and first grade did predict social adjustment in school. However, that 

was not the case for the normative group, nor were there significant relations between the 

constructs at all from kindergarten to third grade. For hypothesis 1B, we found support that 

children in the high-risk group consistently did not perform as well in both emotion knowledge 

and social adjustment, but that their growth followed a similar trajectory to that of the normative 

group, suggesting their skills were delayed in growth. 

Study 2’s results indicated that overall, the slope in each individual construct did not 

differ significantly across groups. Both groups showed similar growth trends over time, although 

the high-risk group consistently was at a lower skill level in comparison to the normative group, 

thus not as successful at navigating emotion knowledge or social adjustment in school. However, 

when it came to the interaction between the constructs, we did see the importance of emotion 

knowledge emerge. For the high-risk group, emotion knowledge in kindergarten and first grade 

predicted an increase in social adjustment for children in first grade; however, this path was not 

significant for the normative group. This is an important contribution to the extant literature in 

that it indicates that children high-risk for behavior problems require emotion knowledge to be 

able to better adjust to school in as late as first grade. In contrast, that relationship is not 
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significant for their normative peers, which suggests the normative group may be past needing 

this less advanced social skill to adjust to school at that point.  

A significant limitation of this study using secondary data was that the measure of social 

adjustment did not show significant change over time from first to third grade. This was likely 

due to the fact that for the SHP, only average scores were provided, rather than a count of their 

total score. Additionally, while the measures of interest in these analyses fit perfectly with the 

aims of the study, the time points they were assessed do not capture transitional school periods, 

which would be optimal for looking at change in adjustment. Most children stay in the same 

school from first to third grade, and the major transition in adjustment would likely happen from 

preschool into kindergarten and potentially into first grade.  The results did partially show this in 

the cross-lagged panel model interaction from kindergarten to first grade, but the data to look at 

the full transitional period simply does not exist at this point.  
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CHAPTER 8. 

GENERAL DISCUSSION 

Young children’s early social cognition skills enable them to succeed in navigating the 

new social situations that come with entering school. In particular, young children who are at-

risk typically need extra support in developing basic social and self-regulatory abilities (Barnett 

et al., 2008; Belsky et al., 2007; Vandell, 2004; Yang et al., 2018). Many developmental studies 

examine the relations among these constructs in both normative and at-risk populations. 

However, most of these studies are cross-sectional and examine the skills at one time point, 

which limits the developmental implications of the studies.  

Of the longitudinal studies that examine similar constructs, very few take into account the 

growth trajectory of each skill and how that informs its interaction with other constructs. They 

also tend to use one method to examine the constructs, rather than a multi-analytic approach, 

which can provide a more in depth understanding of the constructs. It was critical to take a step 

beyond previous research and use both latent growth curve modeling and cross-lagged panel 

modeling to better understand the interaction between SEL constructs from preschool to 

elementary school.  

Additionally, both of the studies conducted provided strong support for the prism 

theoretical model of SEL discussed in the introduction on pg. 2 (see Figure 1; Denham et al., 

2014; Payton et al., 2000; Rose-Krasnor, 1997). This prism model featured both emotion 

knowledge and EF skills as essential components to having success in social interactions, and 

then suggested that success in social interactions can contribute to improved outcomes in 



 

 42 

other domains, specifically focusing on the domain of school (see Figure 1; Denham et al., 2014; 

Payton et al., 2000; Rose-Krasnor, 1997). Study 1 confirmed that the growth of emotion 

knowledge and EF skills is interdependent, and Study 2 showed that emotion knowledge predicts 

school adjustment for children who are high-risk for behavior problems. Thus, this prism model 

is reflective of SEL in both typical and at-risk populations, though there is still opportunity for 

future research to examine more than just EF skills when it comes to self-regulation. 

While these advanced statistics provided strong support for theory, they are not 

commonly used in the extant literature. Of the few studies that use latent growth curve modeling, 

even fewer use it with special populations. One of the main practical implications of these 

studies was that they gave insight to what development of these SEL skills looks like in at-risk 

populations. For Study 1, bidirectional relations between EF skills and emotion knowledge were 

examined. Previous research has cross-sectionally related the two constructs, but in terms of 

directionality, results are inconsistent, and researchers disagree about which theoretically should 

come first (Blankson, O’Brien, Denham et al., 2012b; Leerkes, Marcovitch & Calkins, 2012; 

Martins et al., 2016). We found support for bidirectional growth between emotion knowledge 

and EF skills from two times in preschool into kindergarten. This suggests that as these skills are 

first developing in preschool, they rely on each other and use a similar cognitive load. This helps 

to explain inconsistencies in previous research, suggesting that rather than one facilitating 

growth in the other, the relations are bidirectional (Denham et al., 2012b).  

The results also showed that children who started out initially strong in emotion 

knowledge tended to show a more gradual growth over time in EF skills in comparison to others. 

This makes sense because we also found that children who started out high in one skill were 

likely to start out high in the other skill. Thus, children who started out higher in emotion 
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knowledge likely also started in a higher place for EF skills. Therefore, they did not need to grow 

as rapidly as children who started out lower in both skills. Both the overall growth trends and 

interindividual differences in rates of change over time were captured in the latent growth curve 

model analyses. This provided a deeper understanding of the interaction between the two 

constructs. However, it should be noted that all of the children in Study 1 did attend preschool, 

which may have facilitated more EF skill development than if children were not in school. Thus, 

this environmental contribution to SEL skill development would be an interesting piece to 

explore in future research.

The extant literature suggests that emotion knowledge skills may be delayed in children 

who are at-risk (Moore et al., 2015; Vandell, 2004; Yang et al., 2018), and Study 2’s results 

confirm this delay. The high-risk group in our sample showed almost identical trajectories of 

growth to the normative group, but their skills were consistently at a lower level, indicating they 

are at a delay in development (Briggs-Gowan & Carter, 2008). Unfortunately, our measure of 

adjustment did not show significant growth over time, but we were still able to find that emotion 

knowledge in kindergarten and first grade contributed to increased adjustment for children in 

first grade for our high-risk group only. It is certainly interesting that these paths were not 

significant for our normative group, but that might suggest just how important these skills are for 

children who struggle with behavioral reactions to emotional situations. 

Another important idea to note is that our measures of emotion knowledge, while they 

were similar in structure and administration, only really get at one specific aspect of emotion 

knowledge. The present studies showed the development of the ability to understand and 

properly label the emotion in a specific brief scenario, but there are many other aspects of 

emotional knowledge that are not tapped in this measure. For example, skills like advanced 
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perspective taking as well as real vs. apparent emotion are not necessarily required for children 

to be able to complete our task of emotion knowledge. Additionally, looking at emotion 

knowledge in a dyadic setting versus a group setting may show different change over time. Thus, 

future research should expand on the present studies by examining multiple facets of emotion 

knowledge and seeing how the different factors develop over time. The non-significant paths for 

the normative group in Study 2 may be due to the fact that we were not tapping the proper aspect 

of emotion knowledge that is related to social adjustment for them and still rapidly developing 

from first to third grade. 

This also brings up a noteworthy point that while these advanced statistics are 

informative about the interactions between constructs, they are most useful to examine different 

trajectories during developmentally sensitive periods. For example, in Study 1, we saw rapid 

growth in both EF skills and emotion knowledge and received helpful information about the 

interaction between those skills. In Study 2, we examined the same aspect of emotion knowledge 

for an older sample and did not get the results we anticipated for the normative group. 

Traditionally, in the literature for normative samples, this aspect of emotion knowledge is noted 

to develop most rapidly in the preschool years (Denham et al., 2014; Payton et al., 2000; Rose-

Krasnor, 1997). This suggests that it may be most informative to use advanced statistics in the 

sensitive or critical periods for each specific skill and to carefully choose assessments that are 

sensitive enough to measure the variance.  

Taken together, both of these studies have implications for SEL curricula and 

preventative and targeted interventions, broadly speaking. In Study 1, we saw the interactive and 

bidirectional relations among EF skills and emotion knowledge. These results suggest that it is 

not best to only focus on one of those skills in preschool, but to use them in support of one 
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another to facilitate codevelopment. In particular, Study 1 examined at-risk children who come 

from low-income families. Children from low-income families oftentimes show deficits in 

comparison to their peers when it comes to social understanding, emotional knowledge and 

control (Bobbitt & Gershoff, 2016; Duncan & Brooks-Gunn, 2000; Yang et al., 2018). Knowing 

these skills build off of each other bidirectionally may influence future interventions. These data 

support evidence-based interventions that target both emotion knowledge and EF skills, rather 

than those that only target emotions or only target cognitive skills (e.g., Promoting Alternative 

Thinking Strategies; PATHs; Kusche & Greenberg, 1994; Tools of the Mind; Bodrova & Leong, 

1996). Additionally, this information may help teachers to improve their curricula in order to get 

at-risk kids on a more level playing field with their normative peers. 

For Study 2, we had a direct comparison group of normative children with their high-risk 

for behavior problems peers. In this study, the importance of emotion knowledge for adjustment 

in school was clearly seen for the children high-risk for behavior problems in kindergarten and 

first grade. However, this relationship was not significant for the normative group. This shows 

that particularly for high-risk kids, having an understanding of emotions early in elementary 

school is related to better school adjustment. Additionally, it is important to consider that these 

nonsignificant paths for the normative group in Study 2 may have been significant for them 

earlier in development. We do not currently have the data to examine that relationship in this 

population before kindergarten, which is another limitation of this study. Based on the extant 

literature and theoretical models of SEL, it is generally agreed upon that these skills develop 

most rapidly in preschool for normative children (see Figure 1; Denham et al., 2014; Payton et 

al., 2000; Rose-Krasnor, 1997). Thus, it is concerning that these high-risk children in first grade 

still require that basic emotion understanding in order to have better school adjustment. This 
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indicates that these high-risk children do not have emotion knowledge skills at the same level as 

their normative peers until later in elementary school.  

Thus, it is important for interventions to focus not just on regulation of emotions but first 

emotion knowledge itself, as this would help facilitate better adjustment for this high-risk group. 

Previous research confirms that emotion knowledge is a necessary prerequisite for developing 

skills like emotion regulation (Denham et al., 2012a). When looking at the current intervention 

programs used in the literature, many target emotion knowledge earlier than first grade and focus 

more on the regulation of emotions starting in first grade, with the assumption that children 

already understand emotions at that point (e.g., PATHs; Kusche & Greenberg, 1994). Thus, for 

these high-risk groups, it should be taken into consideration that a simpler understanding of 

emotions might be a better place to start, even as late as first grade. Additionally, because social 

adjustment is a principal indicator of a child’s ability to continue to succeed in school, children 

with behavior problems should be assessed on emotion knowledge to see if they are delayed in 

this area (for a meta-analysis see Voltmer & von Salisch, 2017). There are some user-friendly 

assessment options (e.g., NIH Toolkit, Weintraub et al. 2013) that do not currently have an 

emotion knowledge component. These data from Study 2 suggest that adding a screener for 

emotion knowledge would be a helpful first step to take when it comes to understanding delays 

that children high-risk for behavior problems may have. 

When considering interventions, the role of vocabulary with these SEL skills is also 

interesting to note. In Study 1, the full analyses could not be run due to collinearity issues 

between the emotion knowledge and vocabulary measures in preschool. However, for Study 2, 

when using emotion knowledge and vocabulary starting in kindergarten and progressing into 

elementary school, there were no collinearity issues when running the analyses. As described in 
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the methods section, the emotion knowledge measures in Study 1 and Study 2 were administered 

in very similar ways. The children were read a sentence description and asked to point to the 

facial expression that matched the way the protagonist felt in the scenario. However, the 

measures were on different scales and asked the children different questions, so they cannot be 

directly compared.  

Nonetheless, this suggests that at a very young age when children are first developing 

emotion knowledge in preschool, they are pulling from the same cognitive resources as they 

would for using vocabulary. However, even by as early as kindergarten, those skills may have 

developed so rapidly in preschool that they begin to become more distinct and less collinear in 

their development. This is an interesting finding that adds to previous research on the interactive 

relationship of vocabulary and emotion knowledge in preschool (Denham, 1998; Lindsay & 

Dockrell, 2000; Saami, 1999). It also suggests that the best way to facilitate growth in any SEL 

skill may be by facilitating and intervening to help children to improve their vocabulary and 

language skills, and that in turn will facilitate growth in SEL. There are numerous interventions 

that focus on vocabulary skills, or include vocabulary as an essential component of an 

intervention (e.g., i-Ready; Curriculum Associates, 2014). The results of the two present studies 

fully support that vocabulary is significantly related to all of our constructs of interest, so that is 

another potential intervention approach. 

Conversely, the results of Study 2 show that as children grow older, the skill levels of 

high-risk group catch up with the normative group as they continue into elementary school. 

Thus, an important question is whether interventions are necessary to facilitate emotion 

knowledge skills if children catch up to their peers by first grade. However, there were still 

significant differences in the high-risk group’s school adjustment as late as third grade. While 
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emotion knowledge skills may catch up, more advanced skills such as school adjustment may 

continue to lag behind. In short, future research should investigate whether children’s distal 

success is facilitated best by scaffolding foundational SEL skills in preschool. 

Overall, these two studies provided important insight about SEL skill development in two 

specific at-risk populations – those from low-income families and those at high-risk for 

behavioral problems – from preschool all the way to third grade. Neither of the two studies 

discussed are generalizable on a national scale, which is a limitation of the present study. . 

Additionally, this study employs more advanced statistical techniques to look at intra- and inter-

individual differences, in addition to overall growth over time. Previous literature indicates that 

at-risk children often have developmental delays (Barnett et al., 2008; Belsky et al., 2007; 

Vandell, 2004; Yang et al., 2018), yet the research using statistics to look at the actual trajectory 

interactions is sparse. These two studies gave deeper insight into the interaction between SEL 

skills from preschool to first grade in a low-income sample and for both a high-risk for behavior 

problems group and a normative group when it comes to adjustment in school. Thus, even 

though the results are not broadly generalizable, they provide important information that was not 

otherwise available about the growth of these skills in special populations that oftentimes are in 

need of the most help. 
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