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ABSTRACT (ENGLISH) 

# # 6271003538 : MAJOR PSYCHOLOGY 
KEYWORD: Self-regulation, Inhibitory control, Anger, Temperament, Mother-child interaction, Emotional availability, 

Longitudinal, Newborn, Infancy 
 Pimjuta Nimmapirat : A Multi-Time-Point Study of Newborn Self-Regulation and Child Self-Regulation in the First Two 

Years of Life: The Mediating Effects of Child Anger Temperament and Quality of Mother-Child Interaction. Advisor: 
Assoc. Prof. PANRAPEE SUTTIWAN, Ph.D. Co-advisor: Prof. Nancy Fiedler, Ph.D. 

  
Studies on the development of child self-regulation during the first two years of life are limited.  This study examined 

the association between newborn self-regulation at 1 month old and child self-regulation at 2 years old, with the child anger 
temperament and quality of mother-child interaction at 1 year and 2 years of age as the nature and nurture mediators for child self-
regulation. 

The participants were 322 mother-child dyads in Chomthong and Fang districts, Chiangmai. The study was a multiple 
time-point design with a longitudinal data collection from the mothers and children at 1 month, 1 year, and 2 years of age. The 
direct observational measurements to assess behaviors of children and mothers were the main method of assessments in this study. 
Newborn self-regulation was measured by the NICU Network Neurobehavioral Scale (NNNS), while child self-regulation at 2 years of 
age was measured by the battery tests of Crayon delay, Snack delay, and Prohibited toy task. Child anger temperament at 1 year, 
and 2 years were measured by Attractive toy behind a barrier episode of the Laboratory Temperament Assessment Battery (Lab-
TAB), and the Early Childhood Behavior Questionnaire short form (ECBQ-sf), respectively. Quality of mother-child interaction was 
measured by maternal dimensions of the Emotional Availability Scale. 

Results from the structural equation model, taking into account biomarkers of prenatal pesticide exposure, mother’s 
education, and study location as covariates, revealed that anger temperament of 1-year-old child and quality of mother-child 
interaction at 2 years were not mediators but were direct predictors of the 2-year-old self-regulation. Newborn self-regulation at 1 
month, however, had no association with child self-regulation, child anger temperament, or quality of mother-child interaction during 
the first two years of life. The coefficient of determination (R2) indicated that 25.7% of the variance in self-regulation of 2-year-old 
children could be explained by its predictors and covariates in this study. 

The findings highlight the importance of lower child anger temperament and high quality mother-child interaction for 
development of child self-regulation during the first two years of life.  Thus, our study suggests that early intervention emphasizing 
effective parenting strategies for child anger control as well as high quality parent-child interaction practices should be evaluated to 
determine if these interventions can improve child self-regulation in the earlier years of life.  
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Chapter 1 

Introduction 

Background and importance of the study 

Self-regulation is an important factor for success in life and a crowning 

achievement for early childhood (Berk, Mann & Ogan, 2010). Stronger self-regulation 

is associated with higher academic achievement in childhood and adolescence 

(Cambron et al., 2017; McClelland et al., 2007; Nota, Soresi & Zimmerman, 2004, 

Shoda, Mischel & Peake, 1990) and better health outcomes across lifespan 

(Heatherton & Wagner, 2011; Moffitt et al., 2011; Schlam, Wilson, Shoda, Mischel & 

Ayduk, 2013). On the other hand, failure to regulate oneself can be a significant 

contributor to obesity, addiction, sexual infidelity, poor financial decisions, and 

substance use (Heatherton & Wagner, 2011; Wills, Walker, Mendoza & Ainette, 2006). 

Tangney, Baumeister & Boone (2004) mentioned that a high capacity and capability 

to regulate oneself predicts happier and healthier lives.  

Researchers believe that development of self-regulation is a bidirectional 

process between intrinsic factors and extrinsic factors of the child (Kopp, 1982), and a 

continual process starting with reflexive neurophysiological development at birth, 

which help the newborns to modulate their homeostasis physiological regulation 

(Lester, & Tronick, 2004). Then continuously develop to more complex and cognitive 

control aspects of self-regulation later in life (Kopp, 1982; Rothbart, & Posner, 1985).  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2 

Nowadays, there is large body of literature on child intrinsic and extrinsic 

factors that associate with the development of self-regulation, which mostly focused 

on early childhood and adolescent periods (Vink et al, 2020). Additionally, there is a 

growing body of literature on development of self-regulation at infancy and 

toddlerhood as well (Kochanska et al., 2001; Kochanska & Kim, 2013). However, 

empirical study of the development of self-regulation starting at birth to later years 

in life is still lacking. Moreover, there are recently concerns about lacking the 

integrated study on development of self-regulation across lifespan (McClelland et al., 

2018; Vink et al, 2020). This present study is based on a belief that the newborn to 

toddlerhood period is the earliest stage of self-regulation. Investigating potential 

intrinsic and extrinsic factors that effect on developmental trajectories of self-

regulation since birth to toddlerhood is an important first step of three issues. The 

first one is that it would help extending knowledge of how nature and nurture play 

roles on development of self-regulation. Because to distinguish the mixed effects of 

intrinsic and extrinsic influences on self-regulation, neurobehavior of newborns needs 

to be assessed in the first month of life (Lundqvist-Persson, 2001). Second, It would 

help establishing proactive plan to promote essential environmental factors that 

relevant to better self-regulation. Third, it would help establishing preventive plan to 

prevent the risk factors that have negative impact on child self-regulation early in 

life.  
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Literature on development of self-regulation 

To study the development of self-regulation from newborn to toddlerhood 

period, the general development of self-regulation needs to be reviewed. Mainly, 

research and studies of child self-regulation in developmental perspective suggested 

that the development of self-regulation is starts from birth (Kopp, 1982). 

Kopp (1982)  proposed the five phases of control as the summarization of the 

development of self-regulation. The five phases of control suggested each 

developmental stage of self-regulation from the early months of life and continues 

as more sophisticated forms of self-control are required. The five phases of control 

included (1) Neurophysiological modulation phase, (2) Sensorimotor modulation 

phase, (3) Control phase, (4) Self-control phase, and (5) Self-regulation phase.   

1. Neurophysiological modulation phase (birth to 3 months old) 

In the first three months, newborn regulation is believed to be 

mediated by neurophysiological maturation, and routines that parents 

respond to child’s physiological needs (feeding, sleeping, etc.). However, 

during the early months of life, regular parenting does not have a significant 

effect on child neurodevelopment, unless the caregiver is neglectful or 

traumatized. This is because the child’s sensory systems are not fully 

developed and most of the reactivity is from physiological arousal (Gable & 

Isabella, 1992; Sroufe, 1979).  
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The efficient neurodevelopment enables newborns to maintain 

homeostasis and contributes to organizing and compromising internal bodily 

sensations and the external environment. Infants who are irritated by internal 

sensations may be described as having a difficult temperament because they 

tend to be hard to console and vulnerable to mood and arousal lability 

(DeSantis, Coster, Bigsby, & Lester, 2004).  

2. Sensorimotor modulation phase (3 to 9 months old) 

In the next stage of self-regulation, children can modulate their 

sensorimotor acts in response to events and external stimuli, such as reaching 

for a toy, putting it in his/her mouth, crying  when mother is taking a toy away 

from his/her mouth, and trying to self-soothe by putting his/her hand in the 

mouth. At this age, children depend on parents’ care and sensitivity to 

respond to the child needs, because motor skills are not fully developed.  

3. Control phase (12 to 18 months old) 

Children ages 12 - 18 months are mediated more by preference 

toward social behavior, especially the mother-child interaction. At this age, 

children develop compliance and self-initiated monitoring, so they can 

respond to warning signals or simple verbal or non-verbal communication, 

such as “no”, or shaking the head for nonverbal communication. However, 

children at this age still have limitations in their ability to remember the 
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instruction, so parents need to repeat the signal to help the children 

reconstruct an awareness of appropriate behaviors. In addition, 12- to 18-

month-old children depend more on external monitoring to regulate their 

behavior.   

4. Self-control phase (24 to 36 months old) 

The second year of life is the emergence of internally self-control, 

including compliance, abilities to delay response, and to behave according to 

parent and social expectations without external monitoring. At this age, 

children can perform basic self-regulation tasks including inhibitory control 

and effortful control tasks (Kim & Kochanska, 2012; Kochanska & Kim, 2013).  

Inhibitory control refers to a cognitive ability that enables children to 

inhibit some responses. Children start to control attention, behavior, 

thoughts, and emotions to overcome their inappropriate responses and/or 

impulses to fit with the social demands (Diamond, 2013). Inhibitory control is 

relevant to the “Don’t” aspect of self-regulation. That is, children try to 

inhibit their impulsive actions, or suppress a dominant response (Kochanska 

et al., 2001), such as wait for the bell ring before they can eat a 

marshmallow.  

In contrast with inhibitory control, effortful control refers to abilities to 

focus attention, to force children to do something necessary but unpleasant 
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(Eisenberg, 2005; Kim & Kochanska, 2012; Rothbart, Ellis, Rueda, & Posner, 

2004). Effortful control is relevant to the “Do” aspect of self-regulation.  That 

is, children must put effort to do something undesirable (Kochanska et al, 

2001), such as finishing the meal before playing. Effortful control seems to be 

an extension of inhibitory control. Children need to gain the ability of 

inhibition first, and then they can shift their attention to do the requested 

response. Research found that children at age 14 – 45 months can perform 

better on the Don’t task than the Do task (Kochanska et al, 2001).  

5. Self-regulation phase (36 months old and older) 

After the second year, at 3 to 4 years old, children use more language 

skills to regulate themselves. Children use overt speech at around 3 years old 

and then covert speech at around 6 years old. Lastly, in the preschool period 

onwards, children use more cognitive abilities, planning, and strategies to 

regulate themselves.  

According to the five phases of control, Kopp suggested the interplay 

between child’s internal factors, such as child temperament, and environmental 

factors, especially mother-child interactions. In addition, several studies support that 

self-regulation development is a bidirectional process involving child’s nature, such 

as child temperament and mother-child interaction (see Gagne, & Goldsmith, 2011; 

Geva, Schreiber, Caspi, & Shiffman, 2014; Kim & Kochanska, 2012).  
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Consideration of relevant time points to measure child temperament and 
quality of mother-child interactions. 

From the neurophysiological modulation phase (birth – 3 months old) to the 

sensorimotor modulation phase (3 – 9 months old), there are minor developmental 

change from reflexive response to more sensorimotor control, which due to the 

developing of motor skills. However, in the sensorimotor modulation phase, infants 

still rely mostly on maternal care to help them console or to fulfill their needs, like 

in the neurophysiological modulation phase.  

Comparing between the sensorimotor modulation phase (3 - 9 months old) 

and the control phase (12 - 18 months old), infants aged 12 to 18 months are more 

autonomous and capable for initiating self-monitoring and adapt their behavior 

according to social demands or environment. The 12 - 18 months age range is also a 

challenging interactive period between the child temperament and mother-child 

interaction. For example, Gagne & Goldsmith (2011) found that infants who showed 

more anger at age 12 months were likely to have more Inhibitory control at age 36 

months. In contrast, when the infants grew up, if they showed more anger at 36 

months old, they tended to have less inhibitory control at 36 months old. The 

finding suggested some change in the effect of child anger temperament to child 

self-regulation from 12 months old to 36 months old. One potential reason of finding 

instability of child anger temperament might be because the difference of how 

mother and child interact with each other. For example, Kim & Kochanska (2012) 
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found that highly negative emotional infants at 7 months old showed less self-

regulation 18 months later, when they were in unresponsive relationships, whereas 

children aged 18 months old were more self-regulated when in responsive 

relationships. This finding suggested an important of child anger temperament and 

maternal responsiveness that effect on development of child self-regulation within 

the age range from the late the sensorimotor modulation phase to the control 

phase. Moreover, for infants aged 12 to 18 months old, the mother plays an 

important role to provide external control to the infants. So, they can perform 

appropriate behaviors according to each situation. Then, when the infants grow up, 

they start to internalize the maternal control and develop their own means to 

distract themselves from distressing stimuli (Kochanska et al, 2001; Rothbart et al., 

2006). Therefore, the 1 year of age (the control phase) might be an important time 

point of investigate how child anger temperament and mother-child interaction play 

roles to the development of self-regulation from birth to toddlerhood at 2 years of 

age. 

The differences between the control phase (12 - 18 months old) and self-

control phase (24 to 36 months old) are that children around 2 years of age can 

perform basic self-regulation, for example, they can inhibit themselves according to 

their mother’s prohibition, even when the mother does not present. The mother-

child interaction in the self-control phase might change due to the developmental 

stage of self-regulation. For example, the mother may use less physical control, 
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because the child needs less external control from mother (Bornstein et al., 2010)  . 

Therefore, not only measuring child self-regulation at 2 years old, but the child anger 

temperament and the quality of mother-child interactions investigated at 2 years old 

as well. 

Literature on effects of child anger temperament and quality of mother-child 
interaction on the development of self-regulation  

Association between newborn self-regulation and later developmental 
outcomes 

According to the lack of evidence of longitudinal association from 

newborn self-regulation to later child self-regulation. This section reviewed 

associations between newborn self-regulation to later social and cognitive 

developmental outcomes, which may also be relevant to self-regulated skills. 

The self-regulation problems in newborns are usually indicated by sleeping, 

feeding, state control, self-calming, sensory reactivity, mood regulation, and 

emotional and behavioral control (DeGangi et al., 2000). For example, 

Lundqvist-Persson (2001) studied correlations between newborn self-

regulation and later cognitive and social developmental outcomes at 2 years 

old, including (1) locomotor, (2) personal-social, (3) hearing and speech, (4) 

eye and hand coordination and (5) performance scales, measured by Griffiths’ 

Mental Developmental Scales. Lundqvist-Persson grouped newborns into 3 

self-regulation level: (1) low level of self-regulation, (2) ordinary level of self-
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regulation, and (3) high level of self-regulation. The level of self-regulation 

was identified by 7 items in the Neonatal Behavioral Assessment Scale (NBAS), 

including (1) peak of excitement, (2) rapidity of build-up, (3) irritability, (4) 

lability of states, (5) cuddliness, (6) consolability, and (7) self-quieting activity. 

The result showed that an infant with a low level of self-regulation was at risk 

for poorer quality of social-interaction development, Hearing & Speech, and 

Eye & Hand Coordination. Moreover, an infant with a low level of self-

regulation was at risk of regulatory disorders as well. 

 However, in these recent years, research studies in newborn use NICU 

Network Neurobehavioral Scale (NNNS; Lester & Tronick, 2004), the grandchild 

version of NBAS (Tronick & Lester, 2013) to indicate the neurobehavior 

characteristics of newborns, which also included self-regulation as one of the 

subscales.  

For example, Liu et al. (2010) examined NICU Network 

Neurobehavioral Scale (NNNS) profiles, measured at age 1 month, as a 

predictor of negative medical and developmental outcomes at 4½ years of 

age. The sample in this study was 1,248 mother-infant dyads who were 

participating in a longitudinal study of the effects of prenatal substance 

exposure on child development. Latent Profile Analysis (LPA) was used to 

classify NNNS summary scale scores into discrete profiles, which finally were 

summarized into 5 NNNS profiles (Figure 1). According to Figure 1, Liu et al. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 11 

(2010) summarized that NNNS profile 5 showed the poorest neurobehavior 

performance and hypothesized that Profile 4 and 5 would show more 

medical and developmental problems than infants in the other 3 profile 

groups. The results revealed that after controlling for gestational age and SES, 

infants in Profile 5 were likely to have poorer medical outcomes and more 

behavior problems, compared to other Profile groups. Similarly, when 

combining Profile 4 and 5 groups after controlling for covariates, they were 

more likely to be exposed to prenatal toxic substances  (e.g., cocaine, 

tobacco, alcohol, and marijuana), had birthweight less than 2500 g, had 

chronic neurological abnormalities and brain related illnesses by age 3, as 

well as concept problems and language problems at age 4, compared to  

Profiles 1 – 3. 
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Figure  1 Five NNNS profiles (N = 1248). From Liu et al. (2010). 

 
Another remarkable NNNS profile study is from Sucharew, Khoury, Xu, 

Succop, & Yolton (2012). They measured NNNS with 355 low-risk infants at 

approximately 5 weeks after birth. LPA was used to classify NNNS summary 

scale score into 3 profile groups, described as Social/easy-going, Hypotonic, 

and High-arousal/difficult (Figure 2). 
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Figure  2 Three NNNS profiles (N = 355). From Sucharew et al. (2012). 

 

The results showed that Hypotonic profile had a significantly lower 

score on the Bayley Scales of Infant Development 2nd edition (BSID-II) 

psychomotor developmental index (PDI) by age 3 than the other 2 profile 

groups and had lower scores on externalizing problems reported by the 

primary caretaker by age 3 when compared to the social/easy-going group.  

However, they found no difference between the hypotonic and the high-

arousal/difficult group. In addition, there was no difference between 
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social/easy-going, and high-arousal/difficult profile. These research findings 

suggested the validity of using NNNS profile approach to predict different 

outcomes due to newborn characteristics. 

When investigating the NNNS profiles from the previous studies, the 

self-regulation subscale scores of each profile could reflect the quality of 

newborn’s characteristics. For example, the self-regulation subscale score of 

Profile 5, showed the lowest self-regulation score among the other profiles. 

The Profile 1, which was the lowest risk of prenatal toxicant exposure, 

showed the highest level of self-regulation. In the same hand, self-regulation 

score in Sucharew et al.’s study showed distinctive score between 

social/easy-going and high-arousal/difficult infants. The social/easy-going 

group showed the highest level of self-regulation, but the high-

arousal/difficult showed the lowest level of self-regulation. 

The aim of this study is to focus on intrinsic self-regulation of infants. 

Therefore, the self-regulation subscale score of NNNS was used to indicate 

level of newborn self-regulation in this study. 

Association between newborn self-regulation and child anger temperament 

Child temperament is a fundamental aspect of children’s emotional 

reactions. Temperament also depends on the ability to regulate their 

physiological conditions in response to the external environment (Lester & 
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Tronick, 2004). Usually, self-regulation and child temperament is defined 

closely with each other. For example, Sucharew et al. (2012) named the 

NNNS profile using the temperamental characteristics (i.e., easy-going, and 

difficult). The easy-going child was characterized by the NNNS profile was a 

child who had better attention, self-regulation, and quality of movement; the 

less score for handling, arousal, excitability, and stress/abstinence. In contrast 

with the difficult child who showed higher level of arousal, excitability and 

stress/abstinence and need more handling to calm down; showed less 

attention, and self-regulation. DeSantis et al. (2004) found that infants who 

showed longer hour of fussing at 4 to 12 weeks tended to show more 

negative emotional reactivity at 3 to 8 years of age, reporting by mother. In 

contrast, DeSantis, Harkins, Tronick, Kaplan, & Beeghly (2011) found that the 

score from NNNS, measuring at 1 month old, was not associated with other 

infant temperamental mother-report questionnaires (i.e., the Early Infancy 

Temperament Questionnaire (EITQ) or the Infant Sensory Profile (ISP)), 

reporting when infant was at 1 month old. However, the two mother-report 

questionnaires were associated with each other. They also found that NNNS 

subscale scores were loaded into one factor relevant to more regulation and 

coordination of movement, but subscale scores from EITQ and ISP were 

loaded more relevant to temperamental aspects. The findings suggested that 
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the NNNS could measure unique newborn characteristics that might not be 

captured by the mother-report questionnaires (Tronick & Lester, 2013).  

In sum, the association between newborn self-regulation and child 

anger temperament later in life is not fully corroborated by the empirical 

evidence. 

Association between child anger temperament and child self-regulation 

Studies of the relationship between the child anger temperament and 

self-regulation have shown associations between negative emotional 

reactivity and self-regulation tasks (Frick et al., 2018, Gagne & Goldsmith, 

2011, Kim & Kochanska, 2012). Negative emotional reactivity usually has been 

observed by the child’s intensity of distress in response to novel unfamiliar 

events or frustrating situations (Fox & Calkins, 2003). For example, the Infant 

Laboratory Temperament Assessment Battery (Lab-TAB; Goldsmith & 

Rothbart, 1999) is an observational measurement designed to assess 

temperament dimensions through a series of episodes that were created to 

be relevant to everyday situations. Lab-TAB’s temperament dimensions 

consist of fearfulness, anger/frustration, joy/pleasure, interest/persistence, and 

activity level.  

The anger/frustration situation of Lab-TAB is generally used to study 

the child’s negative emotional responses and how they relate to 
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development of self-regulation. Studies have shown that Lab-TAB’s anger 

dimension is associated with the inhibitory control aspect of self-regulation. 

For example, Gagne & Goldsmith (2011) conducted a longitudinal study, 

which assessed anger in children aged 12 and 36 months and assessed 

children’s inhibitory control at 36 months. At age 12 months children’s anger 

was assessed using 2 episodes of LabTAB locomotor version (Goldsmith & 

Rothbart, 1999), including Gentle Arm Restraint and Restraint in Car Seat 

(frustration from restriction of body movement for toddler). At age 36 months 

children’s anger was  assessed using 2 episodes of Lab-TAB preschool version 

(Goldsmith, Reilly, Lemery, Longley & Prescott, 1995), including End of the 

Line (frustration from taking a toy away for preschool), and inhibitory control 

with Dinky Toys (inhibiting the urge to pick more than one attractive toy from 

a clear container)  and Snack Delay (wait for a snack task) episodes from the 

Preschool Lab-TAB. The results revealed  that anger at 12 months had 

positive correlation with 36 months inhibitory control, suggesting that if 

children showed more anger at age 12 months, they were likely to have more 

Inhibitory control at age 36 months. In contrast, anger at 36 months 

correlated negatively with 36 months inhibitory control, indicating that if 

children showed more anger, they tended to have less inhibitory control 

when assessed concurrently. Interestingly, they found no relation between 
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anger at 12 months and anger at 36 months. In addition, children at 36 

months old showed less anger than 12 months old.  

Gagne & Goldsmith (2011) suggested that it might be because there 

was developmental change in the improvement of emotional control skills 

from 12 months old to 36 months old. And the anger episodes used at 12 

months observed different aspect and less complex of anger than the anger 

episode administered at 36 months. Both Gentle Arm Restraint and Restraint 

in Car Seat that were used at 12 months old were about restriction of their 

body movement, which was relevant to a physical condition, but End of the 

Line, used at 36 months old, was about taking away the child’s interesting 

object, which is relevant to their psychological frustration.  

Supporting the discussion, Buss & Goldsmith (1998) found no 

correlation between these episodes: Gentle Arm Restraint (restriction of body 

movement), and Attractive toy placed behind barrier (taking away a toy and 

placed behind a clear Plexiglass). They suggested that these episodes elicit 

distinctive aspects of anger and should be analyzed separately. 

Frick et al. (2018) used Attractive Toy Placed Behind Barrier (will be 

called ‘ATB’ after this point), one of the anger-induced tests in Lab-TAB 

(Goldsmith & Rothbart, 1999. The ATB is about taking away an attractive toy 

from the child, place it behind a clear barrier, and observe children’s facial, 
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vocal, and bodily anger reactivity to this frustrating event.  However, Frick et 

al. used this task to observe child emotional regulation, rather than observe 

anger reactivity as usual. They used latency to anger and mean seconds of 

child’s looking away (disengagement) from frustrating event to evaluate child 

emotional regulation at 18 months. The study found a negative correlation 

between children’s emotional regulation and children’s inhibitory control at 

18 months old. One reason they suggested was that children who have high 

level of inhibitory control might be less emotionally reactive, so they are in 

less need of using regulatory strategy. They also suggested to assess the 

intensity of anger rather than emotional regulation to study the relation 

between child’s emotionality and inhibitory control. 

Association between newborn self-regulation and quality of mother-child 
interactions 

Research suggested that infant characteristics can affect parental 

response. The child who had lower self-regulation, became harder to console 

may elicit negative maternal responses such as less sensitive, less structuring, 

or more intrusive strategies to stop child’s negative behavior (Laukkanen, 

Ojansuu, Tolvanen, Alatupa & Aunola, 2014; Shiner & Caspi, 2003). In addition, 

poor regulated infants may be potentially at risk of later mother-child 

relationship problems (DeGangi et al., 2000; DeSantis et al., 2004). 
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Association between quality of mother-child interactions and child self-
regulation 

Many researchers have shown significant associations between the 

quality of mother-child interaction and child self-regulation. There are many 

aspects of quality of mother-child interactions. For example, Bernier, Carlson, 

& Whipple (2010) studied relations between maternal dimensions and the 

child’s later development of self-regulated skills.  

The maternal dimensions include (1) maternal sensitivity (appropriate 

and consistent responses to infants’ signals), (2) maternal autonomy support 

(supporting children’s goals, choices, and sense of will), and (3) maternal 

mind mindedness (to use mental terms while talking to the child). The child 

self-regulated skills include attention shifting, working memory, and inhibitory 

control. The study found that maternal autonomy support, measured among 

12-month-old children, was the most predictive of child self-regulated skills 

at 26 months. In addition, Cheng, Lu, Archer, & Wang (2018) found that in 

Chinese samples, maternal mind-mindedness and maternal autonomy 

support predicted better inhibitory control of the child at 25 and 38 months. 

van Aken, Junger, Verhoeven, van Aken, & Dekovic (2007) found that higher 

maternal negative control and lack of maternal sensitivity predicted higher 

externalizing behaviors, such as attention problems, aggressive behavior, or 

antisocial behavior, for temperamentally difficult children only. Maternal 
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hostility has also been suggested to be associated with the child’s behavioral 

and emotional regulation. Child’s experience of a hostile environment and 

internalization of inappropriate strategies tend to exhibit less emotional 

regulation and less compliance (Scaramella, & Leve, 2004).  

Generally, quality of mother-child interactions in previous studies were 

observed based on the mother’s behavior; however, interaction of mother 

and child should account for child behavior as well. Emotional availability 

offers emotional expressions in an interaction between parent and child, in 

which both partners are attuned and responsive to a range of emotional 

exchange to the other (Biringen et al., 2005). Moreover, the parent should 

interact with a child in an age-appropriate, accepting, non-intrusive and non-

hostile way (Biringen, Derscheid, Vliegen, Closson, & Easterbrooks, 2014).  

Associations between maternal emotional availability and child self-

regulation have also been shown. For example, Lehman, Steier, Guidash, & 

Wanna (2002) studied fifty-one mother-child dyads (age range 15 – 30 

months), and found that the EA scale scores of maternal sensitivity, and 

maternal structuring predicted the child’s compliance when asking for toys 

clean up after free-play (∆R = 0.21, F(14, 34) = 2.66, p < 0.05, while all of the 

variables together accounted for 45.4% of the variance in child’s compliance 
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score). These results support the role of quality of mother-child interactions 

in developing behaviors indicative of self-regulation. 

Literature review of measurement 

Newborn self-regulation measurement 

NICU Network Neurobehavioral Scale (NNNS) is a direct observational 

assessment of neurological, behavioral, and stress/abstinence 

neurobehavioral functions designed for infants ranging in age from 32 weeks 

gestational age to 8 weeks’ corrected gestational age and can be used with 

low and extremely high-risk, but medically stable infants (Lester & Tronick, 

2004). The NNNS consists of 13 subscales to include orientation, habituation, 

hypertonicity, hypotonicity, excitability, arousal, lethargy, non-optimal 

reflexes, asymmetric reflexes, stress, self-regulation, quality of movement, 

handling. The internal consistency of the NNNS is well within the acceptable 

range for the summary scores (α = .87-.90) (Tronick & Lester, 2013).  

The self-regulation in NNNS is described as the newborn’s capacity to 

organize motor activity, physiology, and state during the examination and to 

respond to cuddling, consoling, and negative stimuli (Lester & Tronick, 2004). 

The mean of scores from 15 items in NNNS comprise the self-regulation 

summary score. The self-regulation summary score range is 1-9, with higher 

scores indicating better intrinsic self-regulation. The 15 items are Pull to sit, 
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cuddle in arms, cuddle on shoulder, defensive response, alertness, general 

tone/predominant tone, motor maturity, consolability with intervention, 

rapidly of build-up, tremulousness, amount of startle, lability of skin, lability 

of states, self-quieting activity, and hand-to-mouth facility.  

Child anger temperament measurement 

Child anger temperament has been usually observed through the 

child’s emotional reactivity to emotionally arousing events. This study 

observed anger/frustration of temperament using Lab-TAB locomotor version 

3.0 (Goldsmith & Rothbart, 1999). The ATB episode was used to assess child 

anger temperament at 1-year-old in this study, and intensity of anger 

expressions on facial, posture, and vocal were coded. 

However, child anger temperament at 2 years old was assessed by 

parent-report method to also examine some potential effects from mother’s 

perception. Infant Behavior Questionnaire-revised (IBQ-R), Early Childhood 

Behavior Questionnaire (ECBQ), and Children’s Behavior Questionnaire (CBQ) 

are a series of parent-report of child’s temperament questionnaires that 

cover all age ranges in childhood (Putnam, Rothbart, Gartstein, 2008).  

Convergent validity was found between these three questionnaires, 

and they include the same factors of temperament, i.e., surgency, negative 

affect, and effortful control (Putnam et al., 2008).  
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However, correlations between the observation and parent-report 

method were found but not consistent. For example, Gagne & Goldsmith 

(2011) found significant correlation between Lab-TAB anger at 12-month and 

parent-report on child’s anger using the IBQ at 12-month, but there was no 

correlation found between Lab-TAB anger at 36-month and parent-report on 

child’s anger using the CBQ at 36-month. Parent-report seemed to be more 

consistent in younger age rather than at 36 months old.  

Gagne & Goldsmith (2011) suggested that the inconsistency between 

the laboratory observation and parent-report at 36 months old might be 

because some parents might intervene more than the others when their child 

show negative emotion, which might result in their different perceptions 

about the child. They also suggested that there might be developmental 

difference in anger reactivity measuring in the lab at 12-month-old and 36-

month-old child, as 36-month-old child can control themselves better than 

12-month-old. Additionally,  it might be because the different aspects of the 

temperamental traits that these measurements capture. The laboratory 

observation observes every child in the same situation and allow the child to 

show anger. While parent-report depends more on the parent’s perception 

and previous experience with the child in many situations. When the child 

gets older and expose to more environment such as school, so the 

perception of the mother might be different from what the child performs in 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 25 

the laboratory. However, this study used parent-report to assess child anger 

at 24 months which might not be differently exposed to other environment 

comparing to when the child was 12 months old. 

Quality of mother-child interaction measurement 

The Emotional Availability Scale (Biringen, 2008) is an observational 

measurement that measures six dimensions of dyadic mother-child 

interaction in controlled situation, including maternal sensitivity, maternal 

structuring, maternal non-intrusiveness, maternal non–hostility, child 

responsiveness, and child involvement.  

Psychometric properties for the operationalization of emotional 

availability in the EA Scales has demonstrated acceptable level (Biringen et 

al., 2014). For instance, Ziv, Aviezer, Gini, Sagi, & Koren-Karie (2000) studied 

the association between EA scales (Biringen, Robinson, & Emde, 1993, as cited 

in Ziv et al., 2000) and infant’s attachment relationship using the strange 

situation procedure (Ainsworth, Blehar, Waters, & Wall, 1978, as cited in Ziv et 

al., 2000) with 687, 12-month  Israeli mother-child dyads. The results revealed 

that higher scores on the EA scale were associated with infant secure 

attachment and discriminated between insecure-ambivalent and secure 

attachment classifications, but not other forms of insecure attachment (e.g., 

avoidant, and disorganized infant). This study had some limitations. First, 
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when they categorized attachment style of the infants, only 2.5% (n = 17) , 

6.5% (n = 44), and 2% (n = 13) of the total infants (N = 687) were categorized 

into avoidant, disorganized, and cannot classify subgroups, respectively ,which 

may cause a loss of statistical power due to small cell sizes (Keppel, 1982, as 

cited in Ziv et al., 2000). Moreover, they only observed emotional availability 

for 6 minutes in a free-play context, which might be too short to assess the 

quality of interaction. Biringen (2008) suggested that the observed session 

should be at least 20 minutes long, so real quality of interaction can be 

captured.  

De Falco et al. (2014) conducted a longitudinal study with 25 mother-

child dyads, and found significant correlations between EA scale 4th edition 

(measured at child’s age 12 months) and Italian version of Attachment Q-sort 

(AQS; Weters,1987; Cassibba & D’Odorico, 2009, as cited in De Falco et al., 

2014) (measured at child’s age 18 months). They found positive correlation 

between AQS and maternal non-intrusiveness (r = .38, p < .05), and child 

responsiveness (r = .40, p < .05). The items in AQS mostly focus on the child, 

and usually ask about how the child is doing and responding to mother or 

any other situations during home observation context. For example, ‘Child 

readily shares with mother or lets her hold things if she asks to’. This item 

itself indicates if the child feels that mother asking to share is intrusive, or 
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not, and if it is intrusive, child may be unresponsive to that request (Weters, 

1995). This result provides an example of convergent validity. 

EA stability was observed across ages (18 to 24 months), when 

observations were in the same context at home. But stability of  EA was not 

observed among children aged 39 months, when observed in a lab-session 

(Biringen, Matheny, Bretherton, Renouf, and Sherman, 2000). In contrast, 

Bornstein et al. (2010) found maternal sensitivity, structuring, and non - 

intrusiveness decreased on average from 5 to 20 months; however, maternal 

non – hostility, child responsiveness, and child involvement were not  

different between 5 and 20 months. This result suggests that when the child 

matures and becomes more challenging, the parent needs to do more to 

keep the child on the right track and may result in less sensitivity and more 

intrusive strategy to discipline the child. For example, when child becomes 

fussy because he cannot get what he wants, parents need to distract and 

may encourage the child to take part in another fun but appropriate activity. 

Additionally, they need to be sensitive and flexible enough to change the 

strategies if it does not work with the child. On the contrary, some parents 

may give up and let the child have what he wants or use physical 

punishment to stop the child. In sum, the EA scale can be used to capture 

changes in quality of mother-child interaction. 
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Maternal EA and child EA are analyzed as separate aspects of the EA 

scale; however, some studies analyze only the parent EA composite score by 

combining the scores of each subscale, based on internal consistency 

statistics because it is still a dyadic measure due to the nature of the EA 

Scales (Garvin, Tarullo, van Ryzin, and Gunnar, 2012). For example, in 

maternal non – intrusiveness scale, there is a subscale that observes whether 

a child feels that the parent is intrusive. If the child shows some sign, such as 

becoming silent when the mother takes a toy from the child’s hands, then 

this subscale will be scored lower. Moreover, the EA scale system 

emphasized that mother cannot be rated as having a good level of sensitivity, 

without good responsiveness from the child, and vice versa. Therefore, this 

scale is looking for the overall quality of the interaction and does not count 

on a discrete amount or frequency of behaviors (Biringen, 2008; Biringen et al., 

2014).  

Even though the EA dimensions tend to be correlated by the scoring 

system, there might be some different patterns in the interaction. For 

example, mother can be seen as sensitive to child, but low in structuring if 

she does not guide enough age-appropriate tasks for the child during the 

interaction. She also receives high scores on non-intrusiveness and non-

hostility, because she allows the child to do things freely, and there is no 

negative expression. The child may seem responsive to the mother but does 
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not initiate the interaction with the mother enough to get a high score. 

Therefore, this study will not create composite score for EA, but will select 

some dimensions relevant to development of child self-regulation.  

Child self-regulation at 2 years old measurement 

Child self-regulation at age 24 months is a critical period of developing 

internalized self-regulation (Kim & Kochanska, 2012). Children at this age 

develop inhibitory control skills and be able to show compliance to mother’s 

requests. 

Many studies have used a battery of behavioral tests of self-regulation 

for toddlerhood (Kochanska, Murray, & Harlan, 2000; Kochanska, Murray, & 

Coy, 1997), such as Snack delay task and Gift delay task in which children 

must show the ability to delay and suppress an impulse action and perform a 

subdominant response (e.g., Bernier et al., 2010; Kim & Kochanska, 2012).  

Kochanska et al. (2000) found significant correlations between 

observed behavioral battery and mother-report of child’s self-regulation. That 

is, children who performed better on the behavioral battery at 22 months 

were rated as high self-regulation by mothers, using a 13-item scale of 

inhibitory control from the Child Behavior Questionnaire at 33 months. 

Moreover, the delay tasks were found to be able to capture developmental 
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change in inhibitory control. As children matured, they can inhibit their 

behavior better, and wait significantly longer (Kochanska et al., 2000).  

Similarly, Joyce et al. (2016) found marginal associations between 

Early Childhood Behavior Questionnaire Inhibitory Control scale at 24 months 

and inhibitory control, using crayon delay and tongue task at the same age. 

Child’s internalization in the inhibition context is planned to observe 

children's ability to regulate their impulse without a cue of prohibition 

(Kochanska et al., 2001).  

In a study by Kochanska et al. (2001), internalization of prohibition at 

22 months (children were left alone in a room with attractive but prohibited 

toys) was associated with committed compliance with mother in toy 

prohibition task (mother is with the child in the room), which is another task 

to assess inhibitory control. However, in the sense of internalization, it is more 

about the child’s abilities to self-regulate than external regulation.  

In sum, research has shown how the child’s intrinsic neurologic maturity, 

temperament, and mother-child interaction related to each other and affect the 

child self-regulation. Nature and nurture have complex interactions in every period of 

life that shape the way children develop self-regulated skills. Newborns have their 

own self-regulated ability that helps them balance between their physiological 

conditions and the external environment. The newborn’s ability to balance between 
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internal and external conditions consequently becomes their temperament. They 

communicate with caregivers by crying, fussing, or smiling to fulfill their internal 

needs. Children who have difficulties in maintaining homeostasis may exhibit 

excessive crying and be harder to console. The difficulty may result in negative 

maternal responses or lack of high quality of mother-child interaction. The lack 

quality of mother-child interaction may, in turn, result in lack of opportunity for the 

child to effectively learn to self-regulate. In sum, newborns who were born with 

neurophysiological self-regulation problem may develop into difficult temperament 

in infancy. Newborns who have difficulty to self-regulate, easily getting angry, and 

difficult to keep calm, may diminish a good relationship with their mother. The 

difficult temperament and lack of good quality of mother-child interaction may 

result in less chance to develop self-regulated skills.  

Therefore, this present study would like to study on the relationship from 

newborn self-regulation to self-regulation at 2 years of age. The newborn self-

regulation is in the neurophysiological modulation phase (birth to 3 months old). The 

self-regulation at 2 years of age is in the self-control phase (24 to 36 months old). To 

investigate the association between self-regulation from newborn to 2 years of age, 

the child anger temperament and quality of mother-child interaction at 12 months 

old (the control phase) and 24 months old (the self-control phase) are considered as 

mediators of the association between newborn self-regulation to child self-regulation 

at 2 years of age. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 32 

Current study 

The present study is based on a hypothesis that newborn self-regulation at 1 

month old causes an individual difference in child anger,  maternal sensitivity, 

maternal structuring, maternal non-intrusiveness, and maternal non-hostility in the 

child at one year and continues at age 2. The child anger, maternal sensitivity, 

maternal structuring, maternal non-intrusiveness, and maternal non-hostility at 2 

years affects child self-regulation at 2-years. The parallel-serial mediation model is 

used to present the study conceptual framework (Figure 3) 

Figure  3 Conceptual framework of the study 

 

Literature review of potential covariates in the current study 

This study is a part of the Study of Asian Women and their Offspring’s 

Development and Environment Exposure (SAWASDEE Study), which is designed to 
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examine the impact of prenatal exposure to organophosphates (OPs) on infant 

neurodevelopment. Because of the unique conditions, such as the level of prenatal 

pesticide exposure, and the unique culture of the participants in the SAWASDEE 

Study; therefore, pesticide exposure and cultural differences between two study 

locations needed to be controlled in the present study. 

1. Pesticide exposure 

Organophosphates (OPs) is the popular used insecticides among 

agriculture, even in Thailand (Panuwet et al., 2012). Many studies from many 

countries found prenatal exposure to OPs had adverse associations with 

attention, IQ, and mental development (Eskanezi et al., 2007; Marks et al., 

2010; Rauh et al., 2012). Additionally, Rauh et al. (2012) found deformations in 

the dorsal and mesial surfaces of the left superior frontal gyrus, a region 

supporting higher-order cognitive functioning, including executive function 

which also relevant to self-regulated skills. 

2. Cultural differences between two study locations 

The SAWASDEE Study collected data in two different agricultural areas 

of Chiang Mai, Thailand. One area was at Chomthong district, and another one 

was a Fang district. Chomthong were mixed between suburban and rural 

lifestyles. In contrast, people in Fang were completely rural and many were 

tribal. The difference between rural and tribal is the self-identification 
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whether they belong to Thai nationality or a tribal people. The tribal have 

different social, cultural, and economic conditions from other sections of the 

national community. Their status is regulated wholly or partially by their own 

customs or traditions or by special laws or regulations (Errico, 2017). They are 

regarded as a minority and vulnerable; their accessibility to health care and 

other rights in Thailand nationality are limited.  

Because of their vulnerable status, tribal members pay great respect 

and deference when they are in the presence of Thai officials.  Therefore, 

self-regulation, especially inhibition, may be an important part of their 

lifestyles. 

Research found that cultural differences were associated with 

development of self-regulation. Literature suggested that there were two 

types of socialization goals that can reflect on parenting practices which 

relevant to development of child self-regulation (Jaramillo, Rendón, Muñoz, 

Weis & Trommsdorff, 2017). The first socialization goal type is to preservation 

of social harmony, and the second one is to fulfill more on personal goal. 

Many studies found that the children who were in a culture that valued 

social harmony socialization goal, tended to be more compliant with 

mother’s requests (Keller, Yovsi, Borke, Kärtner, Jensen, & Papaligoura, 2004; 

Lamm et al., 2018; Lewis et al., 2009).  
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Contributions of this study 

1. Previous research of the interplay between intrinsic and extrinsic factors on 

child’s self-regulation has been studied primarily among toddler and older 

children when the effects of intrinsic and extrinsic factors are already mixed. This 

study explored the developmental path, accordingly to Kopp’s five phases of 

control, from intrinsic self-regulation from birth to child self-regulation at age 2 

years that is mediated by child anger temperament as intrinsic, and maternal 

sensitivity, maternal structuring, and maternal non-intrusiveness as external 

environmental factors at two time points (1 and 2 years old).  

2. This study explored both longitudinal and cross-sectional aspects, because the 

child anger temperament and quality of mother-child interaction will be assessed 

at child age of 1 and 2 years. In addition, the intrinsic and extrinsic influences at 1 

and 2 years can be explored to determine at which age child anger temperament 

or dimensions of mother-child interactions are better predictors of later self-

regulation. This can lead to an age-appropriate intervention for helping children 

who are at risk in the intrinsic or extrinsic influences relevant to self-regulation 

development.  

3. Current research on child self-regulation focuses on the interplay between child’s 

nature such as temperament and parent-child interactions, using direct 

observational measurements. Previously, many studies used questionnaires to 

evaluate child temperament, mother-child interaction, and child self-regulation. 
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However, self-report can be biased, especially by the reporter’s condition and 

perception. Therefore, the present study depends on observational 

measurement to be more reflective of child anger temperament, mother-child 

interaction, and child self-regulation.  

4. In contrast with previous studies that observed only the quality of mothers’ 

behaviors or by mother self-report, in this study, mother-child interaction in the 

present study used the Emotional Availability scale which observes the dyad 

interaction in holistic view by considering both mother’s response and child’s 

response to each other as the core of the scoring system is interactive (Biringen, 

2008).  

Operational definitions 

1. Newborn self-regulation at 1 month old refers to newborn’s capacity to 

organize motor activity, physiology, state, and to respond to cuddling, consoling, 

and negative stimuli (Lester & Tronick, 2004). In this study, newborn self-

regulation measured by NICU Network Neurobehavioral Scale (NNNS; Lester & 

Tronick, 2004). The higher score indicates better self-regulation in the newborn. 

2. Child anger at 1 year old refers to intensity of anger/frustration reactivity that 

express on child’s face, vocal, and body posture, in a goal-blocking situation. In 

this study, child anger at 1 year old measured by Attractive Toy Placed Behind 

Barrier (ATB) episode, which is one of the episodes in the Infant Laboratory 
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Temperament Assessment Battery (Lab-TAB; Goldsmith & Rothbart, 1999). The 

higher score means high intensity of anger reactivity. 

3. Child anger at 2 years old refers to the mother’s report on the child’s 

frustration/distress to limitations, which relevant to the negative affect related to 

confinement, interruption of ongoing tasks or goal blocking situations. In this 

study, child anger at 2 years old measured by Early Childhood Behavioral 

Questionnaire short form (ECBQ-sf; Putnam et al, 2010). The higher score means 

higher mother’s report on child anger reactivity. 

4. Quality of mother-child interaction at 1 year and 2 years old refers to the 

emotional expressions in an interaction between parent and child, in which both 

partners are attuned and responsive to a range of emotional exchange to the 

other (Biringen et al., 2005). In this study, quality of mother-child interaction 

measured by Emotional availability scale 4th edition, on maternal dimensions 

(Biringen, 2008).  Maternal emotional availability consists of maternal sensitivity, 

maternal structuring, maternal non-intrusiveness, and maternal non-hostility. 

Maternal sensitivity refers to mother’s genuine, congruence, relaxed, and gentle 

response to the child. Their emotional connection is healthy and secure. 

Maternal structuring refers to mother’s providing guidance, or suggestion that 

move the child in an appropriate way, leading the child in a positive way. 

Maternal non-intrusiveness refers to mother’s non-intrusive behavior, waiting for 

optimal breaks to enter interaction, rather than interrupting. Maternal non-
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hostility refers to mother’s behavior that does not use any negative expression in 

voice, face, and behaviors to interact with the child. The higher score means that 

mother provide better quality of mother-child interaction. 

5. Child self-regulation at 2 years old refers to child’s ability to inhibit their 

impulsive actions, or suppress a dominant response (Kochanska et al., 2001). In 

this study, child self-regulation measured by child’s ability to wait longer for 

crayon until the experimenter came back (Crayon delay task), child’s ability to 

wait for snack until the bell was rung (Snack delay task), and Child’s 

internalization in inhibiting his/her behavior according to mother’s prohibition 

(Prohibited toy task). The higher score means the child performs better self-

regulation. 

Aim of the study 

 To study the mediating effect of child anger temperament and quality of 

mother-child interaction on the relation between newborn self-regulation and self-

regulation at 2 years.  

Hypothesis 

 The relation between newborn self-regulation and child’s self-regulation at 2 

years is mediated by child anger temperament at 1 year old and 2 years old and 

quality of mother-child interaction at 1 year old and 2 years old.  
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Chapter 2 

Methods 

Participants 

This study is a part of the Study of Asian Women and their Offspring’s 

Development and Environment Exposure (SAWASDEE Study), which is a prospective 

birth cohort study designed to examine the impact of prenatal exposure to 

organophosphates (OPs) on infant neurodevelopment. This study certified an ethical 

clearance from Human Experimentation Committee, Research Institute for Health 

Sciences (RIHES), Chiang Mai University, Chiang Mai, Thailand (Appendix 1). Between 

AUG 2017 - FEB 2019, 1,291 pregnant women who presented at Chomthong or Fang 

hospital, Chiangmai were screened at their first antenatal care appointment. Both 

Chomthong and Fang are agricultural districts in Thailand. Three-hundred-ninety-four 

pregnant women who met the inclusion criteria listed in Table 1 were recruited for 

the study.  

The pregnant women with abortion (n=21), blighted ovum (n=7), changed 

antenatal care (n=6), illness (n=6), moved out from the area (n=5), failure to return 

an appointment more than 3 visits (n=5), pregnancy problem (n=4), twin (n=3), GA 

more than 20 weeks by ultrasound (n=2), request to exit (n=1), and substance abuse 

(n=1), were excluded from the study.  Therefore, 333 pregnant women delivered live 
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infants; however, infants whose GA was less than 32 weeks (n=1), birth weight less 

than 1,500 grams (n=2), who had frontal brain damaged (n=1), and had 

myelomeningocele (n = 1), moved out from the area (n=1), were excluded from this 

study after delivery according to the infant eligibility criteria (Table 1). In addition, 

participants who failed to return an appointment more than 3 visits (n=1) and failed 

to return an appointment at 1-month-old visit (n=4) were also excluded from this 

study. Therefore, total number of mothers and healthy infants that participated in 

this study was 322 mother-infant dyads. 

Table  1 Eligibility criteria for the SAWASDEE Study - pregnant women and child 
Pregnant women Eligibility criteria 

1. Age Between 18-40 years old 
2. Gestational age less than or equal to 20 weeks 
3. Have a farmer or agricultural occupation 
4. Have an ID card or have Universal Health Coverage Service for the hospital 
5. Planning to deliver at Chomthong hospital or Fang hospital 
6. Understand and speak Thai  
7. Healthy, (no diabetes, high blood pressure, Hepatitis B virus, syphilis, HIV infection and no psychiatric 

disorder) 
8. Live in district > 6 months and plan to reside there at least 3 years after delivery 
9. Consume alcohol less than 2 glasses per day  
10. Do not smoke or use drugs. 
11. No history of abortion, threatening or premature birth 
12. Single baby pregnancy (singleton) 
 13.        Agree to participate with informed consent 

Child Eligibility criteria 
1. Birth, gestation more than 32 weeks 
2. Baby weight after birth is more than 1,500 grams 
3. Healthy (no anomaly) 
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Average age of mothers when their child was 1 month was 25.02 years (SD = 

5.28, range = 18 – 39 years) and child’s average age at 1-month-old visit is 34.75 days 

(SD = 3.78, range = 25 - 50). They were 160 boys (49.7%) and 162 girls (50.3%). 

Among 322 mother-child dyads, 216 dyads (67.1%) lived in Chomthong district, 

Chiangmai. The other 106 dyads (32.9%) lived in Fang district, Chiangmai. The 

participants of this study had diverse ethnicity, including Pakakoyo (n = 93, 28.9%), 

followed by Thai (n = 72, 22.4%), Hmong (n = 59, 18.3%), Lahu (n = 39, 12.1%), Dara-

Ang (n = 36, 11.2%), and others (n = 23, 7.1%). The average family income was 

10,640.78 baht per month (SD = 8338.05, range = 1,000 – 58,333). Most of the 

participants’ family income were less than 15,000 baht per month (n = 249, 77.3%). 

Only 16 mothers (5%) reported that they earned more than 30,000 baht per month. 

Most mothers in this sample finished middle school (n = 110, 34.2%) as shown in 

Table 2. 

Table  2 Demographic data (N = 322) 

Variables  M (SD)  range n % 

Mother’s age (year)  25.02 (5.28)  18 - 39   

Child’s age at T1 (day)  34.75 (3.78)  25 - 50   

Child’s sex Boy   160 49.7 

 Girl   162 50.3 

 Total   322 100.0 

Location Chomthong   216 67.1 

 Fang   106 32.9 

 Total   322 100.0 

Ethnicity Thai   72 22.4 

 Hmong   59 18.3 
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Overview study procedure 

 Participants were recruited by screening for their first antenatal care at 

Chomthong hospital or Fang hospital, Chiangmai. Families who agreed to participate 

in the project were informed about the study and sign a consent form (Appendix 2). 

The participants visited the lab when their child was 1 month old, 1 year old, and 2 

years old. Participants were compensated 600 Thai baht for the 1-month-old visit, 

 Pakakoyo   93 28.9 

 Myanmar   1 0.3 

 Dara-ang   36 11.2 

 Lahu   39 12.1 

Variables  M (SD)  range n % 

 Tai-Yai   21 6.5 

 Lua   1 0.3 

 Total   322 100.0 

Family income 
(baht/month) 

 10,640.78 (8338.05) 1,000 – 58,333   

 Less than 15,000 
 

  249 77.3 

 15,000 – 30,000 
 

  57 17.7 

 More than 30,000   16 5.0 

 Total   322 100 

Mother’s education  7.96 
(4.66) 

0 - 16   

 No education   60 18.6 

Elementary school   51 15.8 

Middle school   110 34.2 

High school   67 20.8 

Vocational Certificate   14 4.3 

High Vocational Certificate   6 1.9 

Bachelor   14 4.3 

Total   322 100.0 
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900 Thai baht for 1-year-old visit, and 600 Thai baht for the 2-year-old visit. The 

compensations were granted by NIH-Fogarty funded R21, titled “Impact of prenatal 

insecticide exposure on neurodevelopmental trajectories in a Thai birth cohort: 

building exposure science and neurodevelopmental research capacity in Thailand”.  

 The participants were reminded of the appointment for each visit 1 month 

before and 1 day before the appointed date. The 1-month-old visit lasted 

approximately 30 – 60  minutes. The testing procedure of 1-month-old visit was 

unique. There were 2 main activities for the 1-month-old visit, including (1) NNNS 

administration and (2) questionnaires and specimens’ collection. The order of the 

activities depended on conditions and states of the child. After both activities were 

done, participants were appointed to the next visit and received the compensation. 

Then the session was done for this visit. The detail of NNNS administration and 

scoring is in the following section of this chapter. 

The 1-year-old and 2-year-old visits lasted approximately 120 – 180 minutes. 

These 2 visits had the same overall procedure which are listed as follows. 

 1. Psychologist greeted the mother and child when they arrived and brought 

them to the laboratory room. 

 2. Neuro check-in questionnaire was asked for screening overall child’s 

conditions, such as sleep hours, health conditions, and meals. 
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 3. Psychologist left the mother and child for 10-minute free-play in the 

laboratory room. So, the child could become more familiar with the room. 

 4. After 10-minute free-play, the testing session started according to the 

measurements’ procedure for each age visit. 

 5. Lastly, participants were appointed to the next visit and received the 

compensation. 

Measurements 

1. NICU Network Neurobehavioral Scale (NNNS) – Self-regulation 

subscale 

In the present study, the NNNS was administered to infant subjects at 

approximately 1 month after delivery. Two nurses who were certified to 

administer the NNNS, performed the administration and coding. All the 

NNNS’s items were administered in a quiet laboratory room with only the 

experimenter, the baby, and the mother present in the room, and the 

mother was instructed to keep quiet and seated at a corner in the room. 

However, this study only used self-regulation subscale from the NNNS. 

1.1 NNNS Procedure 

Even though, this study used only self-regulation subscale, all 

the NNNS items were administered according to NNNS manual. The 
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NNNS began with preexamination observation of respiration, color and 

tone. If the infant was sleeping, habituation items were administered. 

If not, the administration was continued with unwrap and supine 

package. The administration ended with postexamination observation. 

The NNNS was recommended to be administered in the same order 

for all infants; however, if the required state was not met, the 

examiner rearranged the package order, but maintained the items 

order within the package. 

According to Lester & Tronick (2004), the NNNS consists of 115 

items. Items are coded in 20 packages. However, the self-regulation 

subscale includes only 15 items which are in bold texts. (See Table 3, 

and 4 for more details).  
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Table  3 Sequential administered packages, state requirement, and items. (modified 
from Lester & Tronick, 2004) 
Packages State requirement Items 
Preexamination observation 1 - 5 1. Initial state observation (infant asleep and 

covered) 
Habituation 1 – 2 

1 – 2 
1 – 2 

2. Response decrement to light 
3. Response decrement to rattle 
4. Response decrement to bell 

Unwrap and Supine 1 – 5 
1 – 5 
1 – 5 
1 – 4 
1 – 4 

5. Posture 
6. Skin color 
7. Skin texture 
8. Movement 
9. Response decrement to tactile Stimulation 
of the foot 

Lower Extremity 
Reflexes 

3 – 5 
3 – 5 
3 – 5 
3 – 5 
3 – 5 
3 – 5 
3 – 5 

10. Plantar grasp 
11. Babinski 
12. Ankle clonus 
13. Leg resistance 
14. Leg recoil 
15. Power of active leg movements 
16. Popliteal angle 

Upper Extremities 
and Facial Reflexes 

3 – 5 
3 – 5 
3 – 5 
3 – 5 
3 – 5 
3 – 5 
3 – 5 
3 – 5 
3 – 5 

17. Scarf Sign 
18. Forearm resistance 
19. Forearm recoil 
20. Power of active arm movements 
21. Rooting 
22. Sucking 
23. Hand grasp 
24. Truncal tone 
25. Pull-to-sit 

Upright Responses 3 – 5 
3 – 5 
3 – 5 
3 – 5 

26. Placing 
27. Stepping 
28. Ventral suspension 
29. Incurvation 

Infant Prone 3 – 5 
3 – 5 
3 – 5 

30. Crawling 
31. Stimulation needed 
32. Head raise in prone 

Pick up Infant 4 – 5 
4 – 5 

33. Cuddle in arm 
34. Cuddle on shoulder 

Infant Supine on 
Examiner’s Lap 

 
4 – 5 
4 – 5 

Orientation (order not predetermined): 
35. Inanimate visual 
36. Inanimate auditory 
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Packages State requirement Items 
 4 – 5 

4 – 5 
4 – 5 
4 – 5 

37. Inanimate visual and auditory 
38. Animate visual 
39. Animate auditory 
40. Animate visual and auditory 

Infant Spin 3 – 5 
3 – 5 

41. Tonic deviation of head and eyes 
42. Nystagmus 

Infant Supine in Crib 3 – 5 
3 – 5 
3 – 5 

43. Defensive response 
44. Asymmetrical tonic neck reflex 
45. Moro reflex 

Postexamination 
Observation 

1 – 6 
 

64. Postexamination state observation 

 
The NNNS procedures require that the packages be 

administered in the same order (as shown in Table 3), and the infant’s 

state must be as the state requirement. There are 6 states: State 1 - 

Sleep with regular breathing, eyes closed, no spontaneous activity 

except startles or jerky movements at quite regular intervals, State 2 - 

Sleep with eyes closed, rapid eye movements can often be observed 

under closed lids, State 3 - Drowsy or semidozing, State 4 - Alert, eyes 

open with bright look and appropriate changes in facial expression as 

stimulation is varied, State 5 - Eyes likely to be open, considerable 

motor activity, with thrusting movements of the extremities, and even 

a few spontaneous startles, and State 6 – Crying longer than 15 

seconds. Items in Table 4 are nonsequential, and were observed 

during the test, and coded following the infant’s physiology, motor, 

behavior, and state. 
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Table  4 Nonsequential packages, state requirement, and items. (modified from 
Lester & Tronick, 2004) 
Packages State required Items 
Summary Items 
(this package is 
not presented in 
sequence) 

4 – 5 
4 – 5 
4 – 5 
4 – 5 
6 to 4-1 
1 – 6 
1 – 6, With State 6 for at Least 15s 
1 – 6 
3 – 5 
3 – 5 
1 - 6 
3 – 6 
1 – 6 
 
1 - 6 
6 and 5 to 4 - 1 
1 - 6 
1 - 6 
1 – 6 
1 – 6 
N/A 

46. Orientation: Handling Procedures 
47. Alertness 
48. General Tone: Predominant Tone 
49. Motor Maturity 
50. Consolability With Intervention 
51. Peak of Excitement 
52. Rapidity of Build-up 
53. Irritability 
54. Spontaneous Activity 
55. Elicited Activity 
56. Tremulousness 
57. Amount of Startle During Examination 
58. Lability of Skin Color as Infant Moves 
from States 1 to 6 
59. Lability of States 
60. Self-Quieting Activity 
61. Hand-to-Mouth Facility 
62. First Predominant State 
63. Second Predominant State 
64. Postexamination-State Observation 
65. Order of Administration 

Physiological N/A 66. Labored breathing 
67. Nasal flaring 

Autonomic N/A 68. Sweating 
69. Spit-up 
70. Hiccoughing 
71. Sneezing 
72. Nasal stuffiness 
73. Yawning 

CNS N/A 74. Abnormal sucking 
75. Choreiform movements 
76. Athetoid postures and movements 
77. Tremors 
78. Cogwheel movements 
79. Startles 
80. Hypertonia 
81. Back arching 
82. Fisting 
83. Cortical thumb 
84. Myoclonic jerks 
85. Generalized seizures 
86. Abnormal posture 

Skin N/A 87. Pallor 
88. Mottling 
89. Paroxysmal Cyanosis (Lavidity) 
90. Overall cyanosis 
91. Circumoral cyanosis 
92. Periocular cyanosis 

Visual N/A 93. Gaze aversion during orientation 
94. Pull-down during orientation 
95. Fuss/cry during orientation 
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Packages State required Items 
  96. Obligatory following during orientation 

97. End point nystagmus during orientation 
98. Sustained spontaneous nystagmus 
99. Visual locking 
100. Hyperalertness 
101. Setting sun sign 
102. Roving eye movements 
103. Strabismus 
104. Tight blinking 
105. Other abnormal eye signs 

Gastrointestinal N/A 106. Gagging/choking 
107. Loose stools, watery stools 
108. Excessive gas, bowel sounds 

State N/A 
 
 
 
 
 

109. High-pitch cry 
110. Monotone-pitch cry 
111. Weak cry 
112. No cry 
113. Extreme irritability 
114. Abrupt state changes 
115. Inability to achieve quiet awake state 
(state 4) 

 

1.2 NNNS Materials 

- standard 8-inch flashlight 

- a red ball 

- a red rattle 

- a bell 

- a foot probe  

- head supports 

- a watch 

- the NNNS scoring form 
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1.3 NNNS Coding 

The NNNS coding was done by the NNNS certified nurses. Inter-

rater reliability was completed for 1 or 2 cases per month (κ = .84–

1.00). The coding of each self-regulation subscale items is as followed: 

- 25. Pull to sit 

This Item observed the extent that the newborn tries to 

maintain his/her head upright and how long the infant can do it. The 

highest score means newborn can maintain the head upright for 1 

minute after seated. The lowest score means head lags or hypotonic 

and cannot sit up. 

- 33. Cuddle in arm 

- 34. Cuddle on shoulder 

Item 33 and 34 are measure newborn’s response to being held 

in alert state. The cuddliness is to see whether the newborn is able to 

initiate cuddling and can relax or mold, nestle, and cling to the 

experimenter, which enable the newborn to calm down and relax 

easier. The highest score means the newborn grasps and clings to the 

experimenter. The lowest score means the newborns resists being 

held, continuously pushing away. 
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- 43. Defensive response 

This Item is to see newborn ability to adjust the environment 

be him/herself in the situation that his/her eyes and nose are covered 

lightly with a small cloth by the experimenter. The highest score 

means the newborn successfully removes the cloth by swiping at it. 

The lowest score means infant has no response. 

- 47. Alertness 

This Item measures newborn’s alertness and responsiveness to 

stimuli. The score is indicated by the duration of the focused alertness 

and the latency of responsiveness. The highest score means the 

newborn always alert for most of examination; intensely and 

predictably alert. The lowest score means the newborn never alert 

and rarely or never responsive to direct stimulation. 

- 48. General Tone: Predominant Tone 

This item is to see newborn’s tone. The newborn with typical 

tone is able to actively flex and extend the limbs which means that 

they can control their body to adjust internal and external arousal. 

The highest score means newborn’s tone average when handle; lies 

with relaxed tone at rest. The lowest score means the newborn is 

hypertonic at rest (in flexion) and hypertonic all the time.  
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- 49. Motor Maturity 

This item measures the quality of form of spontaneous and 

elicited arm movements by assessing smoothness versus jerkiness 

which reflecting the balance between flexors and extensors, and 

unrestricted versus restricted arcs. The highest score means the 

newborn’s movement is smooth; unrestricted arcs of more than 90° 

all the time. The lowest score means the newborn has cogwheel-like 

jerkiness, over shooting of legs and arms in all directions. 

- 50. Consolability With Intervention 

This item measures the number of maneuvers the 

experimenter uses to bring the newborn from intensive crying to 

completely calm. The highest score is indicated by experimenter’s 

face alone can completely calm the newborn. The lowest score 

means the newborn cannot console at all. 

- 52. Rapidity of Build-up 

This item measures the latency of first intense crying. The 

highest score means the newborn never upset. The lowest score 

means the newborn intensively cries at the very beginning and never 

be quiet enough to score this item. 
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- 56. Tremulousness 

This item measures the number of times tremors of the 

newborn’s limbs and chin are seen and in which state of the tremors 

are seen. This irritation may disrupt the newborn from sleeping or 

other activities. The highest score means no tremors. The lowest score 

means tremulousness is seen consistently and repeatedly in all states. 

- 57. Amount of Startle During Examination 

This item observes the number of newborn’s startle. The 

highest score means no startles. The lowest score means ten or more 

startles, excluding Moro reflex. 

- 58. Lability of Skin Color as Infant Moves from States 1 to 6 

This item observes newborn’s skin color changing. The highest 

score means skin color changes minimally during the examination. The 

lowest score means marked, rapid changes in skin color to very red 

and good color does not return during rest of examination, or 

newborn becomes pale and dusky during examination; color does not 

improve with handling. 
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- 59. Lability of States 

This item measures the newborn’s state performance over the 

examination period. Every definite state change over a recognizable 

period of at least 15 seconds is counted. The highest score means 

there are 3 to 5 state changes over the course of the examination. 

The lowest score means there are 0 to 2 state changes or more than 

16 state changes over the course of the examination. 

- 60. Self-Quieting Activity 

This item measures the activity that newborn initiates in a 

crying or fussing state as an observable effort to quiet him/herself. 

The success of the activity is measured by an observational state 

change to calm state (state 4 or below) and persisting for at least 5 

seconds. The highest score means newborn consistently quiets self for 

sustained periods and never needs console. The lowest score means 

newborn makes no attempt to quiet self and intervention always 

necessary.  

- 61. Hand-to-Mouth Facility 

This item measures the newborn’s ability to bring hand to 

mouth as well as success in insertion. The hand-to-mouth is a reflex 

that newborn spontaneously attempts to control or comfort 
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him/herself when upset. The highest score means newborn’s fist 

and/or fingers is inserted and the newborn sucks on them for 15 

seconds or more. The lowest score means no attempt to bring hands 

to mouth. 

The self-regulation subscale score is computed by NNNS 

scoring program.  

1.4 NNNS Data reduction plan 

Only self-regulation subscale score was used. The self-

regulation subscale score is calculated by averaging scores (range from 

1 to 9) from 15 items, include (Lester & Tronick, 2004).  

2. Attractive toy placed behind a barrier (ATB) 

The Attractive toy placed behind a barrier was used to measure child 

anger at 1-year-old time point. The test setting was modified from Laboratory 

temperament assessment battery (Lab-TAB) locomotor version 3.1 by 

Goldsmith & Rothbart (1999) to fit with Thai context. For example, a previous 

pilot study in Thailand found that Thai children in this age were too 

uncomfortable, if they were seated separately from their mother 

(Thanachotiwan, 2017). Therefore, in this study children were seated with 

their mother.  
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2.1 ATB Procedure 

Two video cameras were used to record child’s emotional 

reactivity, especially facial expression. One camera was placed to 

capture close-up facial expressions. Another camera was placed at the 

left side of the child. Child sat on mother’s laps during the test. The 

test was divided into 3 trials. Each trial consisted of 15 seconds play 

phase and 30 seconds observed phase. The whole test was 

approximately 3 minutes long. Experimenter sat approximately 1 

meter away to the child’s left at the left side of the table. Before the 

beginning of the test, the experimenter informed mothers to try not 

to show their facial expression and to remain still during the test to 

keep maternal soothing at a minimum. The test began with 

experimenter showing how to play with the color rattle by shaking it, 

then let the child play freely with the rattle for 15 seconds (play 

phase). After 15 seconds, experimenter placed the Plexiglas on the 

table in front of the child and within the child’s reach. The rattle was 

taken away at the end of the 15 seconds as well, and was placed 

behind the Plexiglas for 30 seconds. After first 30 seconds, the 

experimenter retrieved the rattle and started another trial all over 

again (play phase and observed phase). The rattle was returned to the 
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child after observed phase of the third trial to relieve any negative 

emotion that occurred during the test. 

2.2 ATB Materials 

- A colorful rattle 

- 2 video cameras 

- A Plexiglas barrier, size 31.25 cm x 40 cm 

- Stopwatch 

2.3 ATB Coding 

Only observed phases were coded for this episode, and the 

coding begins when the experimenter releases his/her hand from the 

rattle after placing it behind the barrier. The observed episode was 

divided into 18 epochs, 5 seconds for each epoch. Child’s intensity of 

facial anger, intensity of distress vocalization, intensity of struggling 

approach, and intensity of struggling withdrawal were coded as their 

anger expression in response to the eliciting frustration and anger 

event (see anger expression coding in Table 5). In case that some 

children were excessively frustrated, fussy, and could not cooperated 

with the administration, these children were coded with the highest 

anger expression score. 
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Table  5 Anger expression, coding, and observed behavior (modified from Goldsmith 
& Rothbart, 1999) 
Anger expression Coding Behavior 
Intensity of facial anger;  
Examples of 3 facial regions 
movement,  
- Brows’ inner corners are lower 
and drawn together 
- Eyes look tense or squinted 
- Mouth looks tense, wide open 
and squarish, or closes with lips 
pressed together 

0 
1 

 
2 
 
3 

No facial region shows codable movement 
Only 1 facial region shows codable anger movement, 
or expression is ambiguous 
Only 2 facial regions show codable anger movement, 
or movement is very clear in 1 facial region 
All 3 facial regions show codable anger movement, 
or coder has impression of strong anger 

Intensity of distress vocalization 0 
1 
 
2 
3 
 
4 
5 

No distress 
Mild protest, may difficult to identify as hedonically 
negative 
Definite protest, limited to a short duration 
Longer protest, fussing, or mild intensity cry 
(rhythmic quality) 
Definite non-muted crying 
Full intensity cry, or scream (child is losing control) 

Intensity of struggling approach 0 
1 
2 
3 
4 

No movement towards barrier; C is passive 
Very low intensity of movement towards the barrier 
Moderate intensity of movement towards the barrier,  
High intensity movements towards the barrier 
Very high intensity of movement towards the barrier 
throughout the epochs, or child seems out of 
control 

Intensity of struggling withdrawal 0 
1 
2 
 
3 
 
4 

No movement towards barrier; C is passive 
Low intensity attempts to leave the chair 
1 or 2 independent medium intensity attempts to 
leave the chair 
Repeated or higher intensity attempts to leave the 
chair 
Very high intensity of movement to leave the chair 
throughout the epochs, or child seems out of 
control 

 

Inter-rater reliability of scoring was completed across three 

psychologists for 5 – 6 cases once a month.  (κ = .65-.95) 
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2.4 ATB Data reduction plan 

This study adopted the data reduction plan from Planalp, 

Hulle, Gagne, & Goldsmith (2017). To create a composite score for all 

Lab-TAB’s episodes in this study, first, mean scores of each anger 

expression item were calculated across 18 epochs, excluding epochs 

that could not see child’s face clearly. Therefore, there are 4 anger 

expression mean scores, which are (1) Intensity of facial anger mean 

score, (2) intensity of distress vocalization mean score, (3) intensity of 

struggling approach mean score, and (4) intensity of struggling 

withdrawal mean score. Second, peak reactivities (the highest intensity 

of expression) of the entire 18 epochs were coded for each anger 

expression item and were used as peak scores. Therefore, there are 4 

anger expression peak scores, which are (1) Intensity of facial anger 

peak score, (2) intensity of distress vocalization peak score, (3) 

intensity of struggling approach peak score, and (4) intensity of 

struggling withdrawal peak score. In case that the test could not be 

continued because the child refused by crying excessively, the highest 

anger scores were given to the child for the left test items. Finally, 

sum of all mean scores and peak scores were used for analysis as a 

composite score. The Cronbach’s alpha of this measurement is .77, 

which indicates acceptable reliability. The higher score indicates more 
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intense and frequent occurrence of anger reactivity, and lower score 

indicates less intense and frequent occurrence of anger reactivity.  

3. Early Childhood Behavior Questionnaire Short Form (ECBQ-sf) 

The original ECBQ is a widely used parent-rating scale on child’s 

temperamental behavior at age 18 – 36 months. The ECBQ subscales include 

discomfort, fear, frustration/distress to limitation, motor activation, sadness, 

perceptual sensitivity, shyness, soothability, impulsivity, activity level, high 

intensity pleasure, sociablity, positive anticipation, inhibitory control, 

attention shifting, low intensity pleasure, cuddliness, attentional focusing 

(Putnam, Gartstein, & Rothbart, 2006; Sukigara, Nakagawa, & Mizuno, 2015). 

However, the original version consists of 201 items and requires 

approximately 1 hour to finish all the questions, which is too exhaustive in 

research protocols (Putnam et al., 2010). The ECBQ-sf consists of 107 items. 

The ECBQ-sf is the shorten form of the original Early Childhood Behavioral 

Questionnaire (ECBQ) which consists of 201 items. The benefit of using ECBQ-

sf instead of original ECBQ is that the short form has a smaller number of 

items but captures all factors and traits of child’s temperament (Putnam et 

al, 2010). The ECBQ-sf was translated to Thai and backed translated by 

Suphasiree Chantavarin, Ph.D., lecturer from faculty of psychology, 

Chulalongkorn University, and has been reviewed by the SAWASDEE study’s 
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principal investigators (Prof. Nancy Fiedler, Ph.D., and Assoc Prof. Panrapee 

Suttiwan, Ph.D.) and one of the developers of the ECBQ-sf (Prof. Samuel 

Putnam, Ph.D.) 

3.1 ECBQ-sf Procedure 

Mothers were asked to report on a 7-point Likert scale (1 = 

never; 4 = about half the time; 7 = always) about the frequency of 

specific child behaviors to a specific situation (e.g. “When s/he asked 

for something and you said “no”, how often did your child become 

frustrated?”; “When you mildly criticized or corrected her/his 

behavior, how often did your child get mad?”) Even though, this study 

uses only frustration/distress to limitations scale for analysis, mothers 

finished all the ECBQ-sf items. 

3.2 ECBQ-sf Materials 

- Thai version of Early Childhood Behavior Questionnaire – 

short form 

- A pen 

3.3 ECBQ-sf Coding 

According to the scoring procedure document of ECBQ, the 

scores for items receiving a numerical response (do not include items 

marked "does not apply" or items receiving no response) from each 
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subscale was summed and divided by the number of items in the 

subscale that receiving a numerical response to yield a mean for the 

subscale score.  

3.4 ECBQ-sf Data reduction plan 

One trait of ECBQ-sf is the frustration/distress to limitations, 

which measures negative affect related to confinement, interruption 

of ongoing tasks or goal blocking and the internal consistency for the 

frustration/distress to limitations is acceptable (α = .78). 

4. Emotional Availability Scale (EAS) 

Emotional Availability Scale 4th edition (Biringen, 2008) was used to 

measure quality of mother-child interactions at 2 time-points (1-year-old, and 

2-year-old). Two EAS coders have been trained and certified to use the EAS 

by the author of the EAS 4th edition to obtain satisfactory inter-rater reliability, 

and then between themselves once a month.  

4.1 EAS Procedure 

This test was separated into 2 parts, each part is 10 minutes 

long, and was assessed 2 times at child’s age 1-year, and 2-year. First 

part was observed when mother brings the child to the laboratory 

room. This was to see if the mother can help the child play in the 

unfamiliar place and their interaction in the situation. The mother was 
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introduced and told that they could play freely with toys in the 

basket for 10 minutes, and they could play as they were at home. She 

was informed that their play would be recorded to see how the child 

usually plays. Then the experimenter left the room and started the 

clock. After 10 minutes the experimenter came back to the room and 

informed the mother to ask the child to clean up by putting the toys 

back in the basket. This was to elicit how the mother would guide the 

child to do something. Another part was observed when they had 10 

minutes break during the laboratory session. This was to see their 

interaction when they became more familiar with the setting and the 

experimenter, and to see how the mother interacted with the child 

when they were not completely fresh. Therefore, the overall 

observation time was 20 minutes for each subject. The same set of 

toys were used across all ages. All the toys are usually found in their 

area, suitable for this age range, and can be applied many ways to 

play with the child.  

4.2 EAS Materials 

- a basket with toys (10 wooden blocks, a children soft book, 

6 plastic fruits, a ball, a rattle) 

- a video camera 
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4.3 EAS Coding 

The direct scores range from 7 to 1. According to EA scale 4th 

edition manual (Biringen, 2008), the direct scores in EA scale system 

are construct based scales (See Table 6 for more information about 

the EA scale scoring system).  

Table  6 EAS maternal dimensions, score range, Definition, and Example of observed 
behavior (modified from Biringen, 2008) 

EA dimensions Score range Definition Example 
Maternal 
sensitivity 

7 
 6 - 5.5 

 
5 – 4 

 
  

 3 - 2.5 
2 – 1 

Highly sensitive 
Bland sensitive 
 
Inconsistently sensitive/ apparently 
sensitive 
 
 
Somewhat insensitive 
Highly insensitive 

- Genuine, congruence, relaxed, gentle, their 
connection is healthy and secure. 
 
- Apparent/unreal quality, sudden shift of 
behaviors, inconsistent 
 
- Cool or detached, little or no connection, 
depressed withdrawn, traumatized affect 

Maternal 
structuring 

7 
 6 - 5.5 

 
 

5 – 4 
 
   

3 - 2.5 
2 – 1 

Optimal structuring 
Moderately structuring 
 
 
Inconsistent structuring 
 
 
Somewhat unstructuring 
Non-optimal structuring 

- Providing guidance, or suggestion that move 
the child in an appropriate way, leading the 
child in a positive way 
 
- Inconsistent in providing guidance, try too 
hard that maternal loses the child from 
positive connection 
- Guidance, and appropriate leading is almost 
nonexistent  

Maternal  
non-
intrusiveness 

7 
 

 6 - 5.5 
 
 

5 – 4 
 

  3 - 2.5 
2 – 1 

Non-intrusiveness but emotionally 
present/available 
Generally, non-intrusiveness but 
sometimes benign forms of 
intrusiveness 
Benign intrusiveness 
 
Somewhat intrusive 
Intrusive 

- Waits for optimal breaks to enter 
interaction, rather than interrupting. 
 
 
 
- Verbally intrusive, a lot of don’t 
 
- Physically interrupt frequently, physically 
intrudes 
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EA dimensions Score range Definition Example 
Maternal  
non–hostility 

7 
 6 - 5.5 

 
5 – 4 

 
  

 3 - 2.5 
2 – 1 

Nonhostile 
Generally nonhostile 
 
Covertly hostile 
 
 
Slightly overtly hostile 
Markedly and overtly hostile 

- Does not use any negative expression in 
voice, face, and behaviors 
 
- There are subtle sign of stress or covert 
negative expression (e.g. huffing and puffing) 
 
- Shows negative expression overtly 

 

Inter-rater reliability was done across the two certified EAS 

psychologists for 5 – 6 cases once a month. The total inter-rater 

reliability cases are 20% of overall sample (ICC = .78 - .98). 

4.4 EAS Data reduction plan 

In this study, direct scores of maternal sensitivity, maternal 

structuring, maternal non-intrusiveness, and maternal hostility were 

analyzed as mediators in the study model. 

5. Inhibitory control tasks 

To assess child’s self-regulation at 2-year-old time point, three 

inhibitory control tasks were used in this study, including (1) Crayon delay, (2) 

Snack delay, and (3) Prohibited toys task. The tests were administered in fixed 

order, starting with Crayon delay, Snack delay, and lastly Prohibited toys task. 

The child would have a 5-minute break between subtests for freshening. 

Mothers were always informed to not interact with the child during the test, 
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or if necessary, interact minimally such as telling the child to go back to the 

table.  

5.1 Crayon delay (CD) 

5.1.1 CD procedure 

Child was seated on a chair at a child size table 

opposite the experimenter. Mother answered a questionnaire 

at another table with back turned to experimenter and child. If 

the child did not sit without  the mother nearby, then mother 

could sit behind the child with clipboard and the 

questionnaire, and mother were informed that she could 

comfort the child to get back to the seat, but when the test 

starts no talking was allowed, and mother answered the 

questionnaire during the test. At the beginning of the test, 

child was invited to color, then experimenter put the opened 

box of crayons with a couple of crayons on the table and a 

paper within the child’s reach. Experimenter explained “I need 

to go outside to find some things for a new game. Please do 

not touch the paper, crayons until I come back.” After the 

instruction, experimenter left the child with crayons and paper 

for 60s, then came back to the room after 60s. Then the 

experimenter let the child coloring with crayons for 5 minutes. 
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5.1.2 CD Materials 

- New box of crayons 

- Blank paper 

- A questionnaire (for the mother to do and not 

interrupt with the child.) 

- 2 video cameras 

5.1.3 CD Coding 

Latency of the child touching the box. (range: 0-60): 

The experimenter starts the clock when the experimenter 

releases hand from the crayon. Higher score indicates that 

child can control their impulse and wait longer. Inter-rater 

reliability was done across three psychologists for 5 – 6 cases 

once a month. The total inter-rater reliability cases are 20% of 

the overall sample (ICC = .95 – 1.00). 

5.2 Snack delay (SD) 

5.2.1 SD procedure 

This test consists of 4 trials with different delay times, 

which are 10s, 15s, 20s, and 30s, respectively. Prior to the test, 

child was seated on a chair at a child size table opposite to 

experimenter. Mother answered a questionnaire at another 
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table with back turned to experimenter and child. If child did 

not sit without mother nearby, then mother could sit behind 

the child with clipboard and the questionnaire, and mother 

was informed that she could comfort the child to get back to 

the seat, but when the test starts no talking allowed, and 

mother answered the questionnaire during the test.  

When the setting was ready, the experimenter 

instructed the child “Keep your hands on the table and wait 

to get the snack after the bell rings”. Put the snack under the 

transparent cup within the child reach, the bell was presented 

on the table, and was always in experimenter’s control and 

out of the child reach. Starting the stopwatch when 

experimenter released hand from the cup, then experimenter 

waited for half of the delay times (5s, 7.5s,10s,15s), then lifted 

the bell but did not ring it. When the delay time for that trial 

was reached, experimenter rang the bell. Experimenter could 

encourage child, if he/she did not grab the snack after the bell 

rang. Starting next trial after child finished the snack. 

Experimenter reminded the instruction briefly to the child 

once again, started the trial following the same procedure with 

next delayed time.  
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If child became fussy and grabbed the snack before 

experimenter had a chance to mention the bell and give 

instruction, do not grab the snack back but let the child have 

the snack, note as task failure. Experimenter reminded the 

child that he/she had to wait then starts over. If child cannot 

start Trial 1 (10s delay) and became task failure for 3 

consecutive trials, then the test stop. If child already starts 

some trials but then become fussy and task failure for 2 

consecutive trials, then the test stop. 

After the test is done mother and child were asked to 

have a break outside the laboratory room for 5 minutes. 

5.2.2 SD Material  

- Bread stick 

- Transparent cup 

- Bell 

- 2 video cameras 

5.2.3 SD Coding 

Start the clock when experimenter releases hand from 

the cup. Coding rules were set based on (1) child’s 

approaching behavior to the snack, the lowest range of score 
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was coded if the child eats the snack, and (2) latency of the 

lowest score approaching behavior. Coding for each trial is as 

following rules (Spinrad et al., 2007): 

- Give 1 point: Child ate the snack before E lifted the bell. 

  - Give 2 points: Child ate the snack after E lifted the bell. 

- Give 3 points: Child touched the snack before E lifted the 

bell. 

- Give 4 points: Child touched the snack after E lifted the bell. 

- Give 5 points: Child touched the cup or the plate before E 

lifted the bell. 

- Give 6 points: Child touched the cup or the plate after E 

lifted the bell. 

- Give 7 point: Child waited until the bell rang. 

- If child gets 7 points, add 1 extra point for keeping hands on 

the table sometime during waiting time. 

- If child gets 7 points, add 2 extra points for keeping hands on 

the table during the entire waiting time. 
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 In case that the test could not be continued because 

the child refused by crying excessively, the lowest scores were 

given to the child for the left test items. 

Averaged latency of the child retrieving the snack from 

4 trials were used for data analysis. The range of score can be 

0 to 9, in which higher score indicates higher inhibitory control. 

Inter-rater reliability was done across three psychologists for 5 

– 6 cases once a month. The total inter-rater reliability cases 

are 20% of the overall sample (κ = .85 – 1.00). 

5.3 Prohibited toy task (PTT) 

5.3.1 PTT Procedure 

i. Mother-prohibited phase 

Prior to the test before they enter the laboratory room, 

experimenter instructs the mother ‘This test will be around 20 

minutes. There will be a shelf with three toys in the room. The 

child won’t allow to play with them during the test. You need 

to prohibit the child from the toys on the shelf and encourage 

the child to play only with the wooden shapes for the first 10 

minutes.’, then experimenter let them enter the room, and 

experimenter will be outside.  
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ii. Observed child’s internalization of prohibition phase 

After the first 10 minutes, experimenter enters the 

room and has mother say to the child: “Please play with the 

wooden shapes while I am doing this questionnaire.  Do not 

touch or play with any of the toys on that shelf”. Mother does 

a questionnaire at a table with back turned to child. Mother 

does a questionnaire at a table with back turned to child. 

Before experimenter leaves the room said to the mother 

“Please do not interaction or repetition of the commands. You 

can comfort your child with minimum interaction, if they 

become fussy, or cry”. Experimenter said “I will be back after 5 

minutes”, then leaves. After 1st 1 minute passed, an unfamiliar 

female enters the room and plays with toys on the shelf for 1 

min, and then leaves. The child is left alone again for 3 

minutes. When experimenter returns to the room, allow the 

child to play with the prohibited toys for 5 minutes. 

5.3.2 PTT Materials  

- A shelf with three very attractive toys (prohibited 

toys) 

- Plain wooden shapes 

- An unfamiliar female 
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- 2 video cameras 

5.3.3 PTT Coding 

Child’s behavior was coded for each 60 5s segments, 

using six mutually exclusive codes ranging from highest level of 

internalization to lowest level of internalization (Harden, 

Duncan, Morrison, Panlilio, & Clyman, 2015; Kochanska, Coy, & 

Murray, 2001): 

- Give 6 points: Child engaged in sorting activity  

- Give 5 points: Child engaged in other activity  

- Give 4 points: Child looked at toys without touching 

- Give 3 points: Child began to touch the prohibited toys and 

stopped spontaneously, or touching for less than 2 s. 

- Give 2 points: Child touched the forbidden toys in gently 

manner, did not remove them from the shelf, nor engage in 

dramatic play with them. 

- Give 1 point: Child played with the toys, removed from the 

shelf, or engaged in dramatic play with forbidden toys 

(Deviation). 
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In case that the test could not be continued because 

the child refused by crying excessively, the lowest scores were 

given to the child for the left test items.  

Inter-rater reliability was done across three 

psychologists for 5 to 6 cases once a month. The total inter-

rater reliability cases are 20% of the overall sample (κ = .84 – 

1.00). 

5.3.4 PTT Data reduction plan 

According to Kochanska et al. (2001) First, each of the 

coded behaviors were averaged by dividing the aggregated number 

of the behavior by the number of coded epochs in which the 

child moves freely around the room (60 minus the number of 

epochs on the mother’s lap). The higher score indicates higher 

inhibitory control. 

Inhibitory control tasks Data reduction plan 

The inhibitory control tasks data reduction plan was 

conducted in 2 steps. 

First, the scores of the crayon delay, snack delay, and 

prohibited toy task, were transform into z-scores. The correlations 

among the three inhibitory control tasks were more than .3 (see Table 
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7). the Kaiser-Meyer-Olkin measure of sampling adequacy was .64, 

which the commonly recommended value of .6, and Bartlett’s test of 

sphericity was significant (χ2 (3) = 79.59, p < .001). The communalities 

ranged from .53 - .58.  These indicators suggested reasonable 

factorability. 

Table  7 Correlation between inhibitory control tasks 

  
Crayon delay Snack delay Prohibited toy 

task  
Crayon Delay 1     

 
Snack Delay .370** 1   

 
Prohibited Toy Task .317** .326** 1 

 
**. Correlation is significant at the 0.01 level (2-tailed). 

Second, principal component analysis was used to create a 

composite score. Initial eigen values indicated that the first factor can 

explain 55.83% of the variance, and only the first factor had an eigen 

value greater than 1.0. The factor-loadings across the three inhibitory 

control tasks ranged from .73 - .76, in which a minimum criterion of 

having a primary factor loading of .4 or above. Therefore, the 

composite score for inhibitory control tasks was the sum of the z-

score of the three inhibitory control tasks. The Cronbach’s alpha was 

.60. The Cronbach’s alpha is sensitive to number of items. More items 

tend to improve Cronbach’s alpha (Taber, 2018), so the Cronbach’s 
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alpha .60 should be acceptable for internal consistency for only 3 

items. 

Plan of analysis 

 The data of this study were analyzed in 2 sections. Primarily, descriptive 

statistics were presented for 1-month, 1-year, and 2-year measures, including mean 

and SD of  newborn self-regulation at 1 month old, child anger at 1 year and 2 years 

old, maternal sensitivity at 1 year and 2 years old, maternal structuring at 1 year and 

2 years old, maternal non-intrusiveness at 1 year and 2 years old, maternal non-

hostility at 1 year and 2 years old, and child self-regulation at 2 years old, as same 

as, the potential covariates, such as prenatal exposure to pesticide, location where 

the child was raised, family SES, and amount of time that mother spend with the 

child daily. Moreover, the attrition rates throughout the course of the investigation 

were reported. The t-test and chi-square were used to compared between 

completers (participants who complete all the evaluation time points) and 

noncompleters on all variables (Bridgett et al., 2011; Eisenberg et al., 2010). 

Correlation analysis of relations amongst the study variables and potential covariates 

were presented.  

Secondly, the self-regulation developmental path from 1-month-old to 2-

year-old and its mediators was explored with structural equation modeling (SEM) 
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using R program, lavaan package. The confirmatory factor analysis was used in 

verifying the existence of the latent variables construct. 
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Chapter 3 

Result 

 The data were analyzed in 2 sections. The first section is preliminary analysis, 

including participants dropout and missing report, completers and non-completers 

comparison, descriptive statistics, and correlation analysis.  The second section is 

structural equation model of the proposed model. 

Preliminary analysis 

 This study collected participants’ data in 3 time-points: 1 month old (Time 1), 

1 year old (Time 2), and 2 years old (Time 3). The total sample size of this study is 

322 mother-child dyads. Twenty-three dyads (7.14% of the total sample size) 

dropped out of the study due to missing sessions at both 1 and 2 years old. 

Therefore, the total of 299 dyads were used for data analysis in this study. 

However, from 299 dyads, there were 80 dyads who have some missing data due to 

missing a visit or missing data from some assessments. The missing data in this study 

were treated using full information maximum likelihood (FIML), an effective 

technique to deal with missing data in structural equation model by formulating the 

parameter estimates of the missing data from other variables in the sample data 

(Enders & Bandalos, 2001; Gustavson, Soest, Karevold, & Røysamb, 2012).  

Participants’ dropout or missing are common in longitudinal study. The 

missing and dropout rate approximately 30% is commonly reported in longitudinal 
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studies (Gustavson et al., 2012). However, there are concerns about bias of 

participants’ missing data. For example, if missing participants are mostly found in 

low-income participants relative to higher income, this may bias the result of the 

study. Therefore, the t-test and chi-square were used to compared demographic data 

between completers (participants who complete all the measurements of all 3 time 

points) and non-completers (23 participants who dropout and 80 participants who 

missing some data). In this study, there were 219 completers (68.01% of the total 

sample size) and 103 non-completers (31.99% of the total sample size). Results from 

t-test and chi-square showed that there was no difference in demographic 

background between completers and non-completers as shown in Table 8 (more 

information about non-completers: dropout and missing are in Appendix 3).  
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Table  8 Completers and non-completers comparison (N = 322) 
Variables  Completers (n = 219)  Non-completers (n = 103)   
  n  

(%) 
M  

(SD) 
 n 

(%) 
M 

(SD) 
 t-test 

(p-value) 
Chi-square 
(p-value) 

Mothers’ 
age (year) 

  25.01 
(5.28) 

  25.05 
(5.31) 

 -.06 
(ns) 

- 

Mothers’ 
education 
(year) 

  8.30 
(4.42) 

  7.23 
(5.10) 

 1.83 
(ns) 

- 

Income   10,633.57 
(8514.38) 

  10,656.70 
(7978.33) 

 -.0.2  
(ns) 

- 

Child’s 
gender 

Boy 108 
(49.32) 

  52 
(50.49) 

  - .04 a 

(ns) 
 Girl 111 

(50.68) 
  51 

(49.51) 
    

Location CT 153 
(69.86) 

  63 
(61.17) 

  - 2.40 b  
(ns) 

 FA 66 
(30.14) 

  40 
(38.83) 

    

ns = nonsignificant, p > .05, a = 2x2 Chi-square (boys and girls x completers and non-completers), b = 2x2 Chi-square 
(Chomthong and Fang x completers and non-completers) 

 

In sum, the dataset that was analyzed in this study excluded participants who 

dropped out. Therefore, the total of 299 participants were included in the analysis. 

The missing data in this study were treated using full information maximum 

likelihood (FIML).  

The child’s age and child’s gender at 3 time points are reported in Table 9. 

Child’s gender across the 3 age points were approximately 50% boys and 50% girls.  
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Table  9 Descriptive statistics of sample size, child’s age, and child’s sex of 1 month 
old, 1 year old, and 2 years old (N = 299) 
Variables  1 month old  1 year old  2 years old 
  n  

(%) 
M  

(SD) 
range  n  

(%) 
M  

(SD) 
range  n  

(%) 
M  

(SD) 
range 

Child’s 
age 
(days) 

  34.71 
(3.86) 

25 – 50 
days 

  365.36 
(14.86) 

347 – 425 
days 

  728.93 
(15.41) 

691 – 799 
days 

             
Child’s 
gender 

Boy 149 
(49.8) 

   136 
(48.57) 

   133 
(49.44) 

  

 Girl 150 
(50.2) 

   144 
(51.43) 

   136 
(50.56) 

  

 Descriptive statistics of the study variables and potential covariates are shown 

in Table 10. The average score of NNNS’s self-regulation subscale for this sample is 

6.08; this score indicates that self-regulation at 1 month old of this sample is in the 

normal developmental range based on a US sample (Provenzi et al., 2018).  

Child anger at 1 year old in this study range from 0 to 26, which indicated a 

wide range of emotional reactivity. The possible maximum of child anger at 1 year 

old is 32, so none of the children in this study met the maximum score. Most studies 

report mean in z-score, and did not report range of the score neither (e.g., Gagne & 

Goldsmith, 2011; Planalp et al, 2017). Therefore, there is a limitation of comparing 

the score with previous study. 

According to Biringen (2008), the range of each dimension of emotional 

availability in this study indicated a wide range of maternal quality. However, none of 

the mothers in this study got the lowest scores that showed traumatized interaction 
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with the child. The average scores of maternal sensitivity dimension at both 1 year 

and 2 years old indicated that on average mothers in this study are in a range of 

inconsistent sensitive response to their child. Maternal structuring mean scores were 

less than 4 at both ages, which indicates relative lack of structure.  Maternal non-

intrusiveness mean scores were approximately 5, indicated benign intrusiveness. 

Maternal non-hostility mean scores indicated that on average mothers in our study 

were non-hostile. 

The score of child self-regulation at 2 years old was calculated by averaging 

the z-score of 3 inhibitory control tasks, including Crayon delay, Snack delay, and 

Prohibited toy task. The means, SD, and range of each inhibitory control 

observational measurements are also reported in Table 10.  

The sample in this study were from agricultural areas and worked on farms. 

The children in this sample were potentially exposed to neurotoxicants in pesticide, 

which have been found to adversely impact neurodevelopment (Eskenazi et al., 

2007). Therefore, the descriptive statistics of the sum of dialkylphosphates (pesticide) 

across prenatal period are reported in Table 10, along with other potential 

covariates.  
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Table  10 Means, Standard deviation, and range of study variables and covariates 
  N^ Mean SD range 
Study variables 

 
     

1. newborn self-
regulation_1m 

298 6.08 .58 4.58 - 7.36 

2. Child anger_1y 280 12.94 4.98 0.00 - 26.00 
3. Maternal 
sensitivity_1y 

249 4.70 1.12 2.00 - 7.00 

4. Maternal 
structuring_1y 

249 3.81 1.50 1.00 - 7.00 

5. Maternal non-
intrusiveness_1y 

249 4.97 1.31 1.50 - 7.00 

6. Maternal non-
hostility_1y 

249 5.64 1.23 2.50 - 7.00 

7. Child anger_2y 268 4.55 1.17 1.00 - 7.00 
8. Maternal 
sensitivity_2y 

268 4.50 1.10 2.00 - 7.00 

9. Maternal 
structuring_2y 

268 3.81 1.31 1.00 - 7.00 

10. Maternal non-
intrusiveness_2y 

268 5.26 1.11 2.50 - 7.00 

11. Maternal non-
hostility_2y 

268 5.49 1.06 2.50 - 7.00 

12. child self-
regulation_2ya 

269 -0.00 .75 -1.45 – 1.40 

12.1 Crayon 
delay_2y 

263 32.28 25.39 0.00 - 60.00 

12.2 Snack 
delay_2y 

266 4.63 2.61 1.00 - 9.00 

12.3 Prohibited 
toy task_2y 

268 3.10 1.40 1.00 - 5.71 

     
     
     
     



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 84 

  N^ Mean SD range 
Covariates 

 
     

1. Pesticide (nmol/L) 299 4.63 .66 3.75 – 7.96 
2. Mom with 
Child_1y (hours) 

177 20.48 4.87 0 - 24 

3. Mom with 
Child_2y (hours) 

268 20.05 5.44 0 - 24 

4. Income (baht) 289 10,578.83 8476.48 1000 – 58,333 
^ = The sample sizes of each test were not equal because of dropout and missing data, 1m = at 1 month old, 1y = at 1 year 
old, 2y = at 2 years old, Pesticide = the sum of dialkylphosphates, Mom with Child = Hours that mother spent with child per 
day. a = An average of Crayon delay, Snack delay, and Prohibited toy task’s z – score.  

 

To investigate the correlations between study variables and to find potential 

covariates, the zero-order Pearson’s correlations and Spearman Rho’s correlations 

are presented in Table 11. The correlations between study variables showed that 

there were no significant correlations between newborn self-regulation at 1 month 

old and other study variables. Child self-regulation at 2 years old is negatively 

correlated with the child anger at 1 year old and is positively correlated with the 

maternal non-intrusiveness at 1 year old, child anger at 2 years old, maternal 

structuring at 2 years old, maternal non-intrusiveness at 2 years old, and maternal 

non-hostility at 2 years old. The correlations within the same variables across 1 and 2 

years old (see correlations with underlines) showed that child anger at 1 year old 

positively correlated with child anger at 2 years old. Maternal sensitivity at 1 year old 

positively correlated with maternal sensitivity at 2 years old. Maternal structuring at 1 

year old positively correlated with maternal structuring at 2 years old. Lastly, 

maternal non-hostility at 1 year old positively correlated with maternal non-hostility 
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at 2 years old. Additionally, the maternal sensitivity, maternal structuring, maternal 

non-intrusiveness, and maternal non-hostility tended to moderately correlate with 

each other concurrently (see correlations in the triangles). 

To investigate the potential covariates (see correlations in the rectangle), 

correlations between covariates and predictor (newborn self-regulation at 1 month 

old) as well as outcome (child self-regulation at 2 years old) were examined at p < 

.1. The correlations showed that mother’s education in years and location were 

potential covariates. The mother’s education in years correlated with both newborn 

self-regulation at 1 month old and child self-regulation at 2 years old. The location 

correlated with both newborn self-regulation at 1 month old and child self-

regulation at 2 years old.  Another potential covariate is the pesticide, which 

correlated with many child variables, including newborn self-regulation at 1 month 

old, child anger at 1 year old, and child anger at 2 years old. Therefore, prenatal 

pesticide exposure (the sum of dialkylphosphates), mother’s education in years, and 

location were used as three covariates in the study model.  
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Table  11 Zero-order correlations between the study variables and covariates 

  

1. 
Newborn 

SR 

2. 
C.anger 

3. 
M.sensiti

vity 

4. 
M.struct

uring 

5.  
M.non-
intrusive 

6. 
M.non-
hostility 

7. 
C.ange

r 

8. 
M.sensi
tivity 

9. 
M.struct

uring 

10. 
M.non-
intrusive 

11. 
M.non-
hostility 

12. 
Child 
SR 

 1m 1y 1y 1y 1y 1y 2y 2y 2y 2y 2y 2y 

Study variables                         

One-month-old             
1. Newborn self-
regulation 

1 
           

One-year-old             

2. Child anger .04 1 
          

3. Maternal sensitivity .04 .10 1 
         

4. Maternal structuring .10 .11 .62** 1 
        

5. Maternal non-
intrusiveness 

.05 .09 .45** .09 1 
       

6. Maternal non-
hostility 

.00 -.02 .56** .26** .51** 1 
      

Two-Year-old             

7. Child anger -.06 .14* .02 .02 .02 -.01 1 
     

8. Maternal sensitivity -.02 .05 .13* .12 .04 .13* .01 1  
   

9. Maternal structuring -.01 .15* .20** .20** -.01 .13 .02 .70** 1  
  

10. Maternal non-
intrusiveness 

-.08 .08 .02 -.04 .09 .13* -.04 .42** .17** 1   

11. Maternal non-
hostility 

-.02 .07 .03 .01 .04 .13* .03 .53** .22** .50** 1 
 

12. Child self-
regulation 

-.02 -.12* .05 -.00 .16* .09 -.04 .15* .16* .15* .17** 1 

Covariates 
            

13. Pesticide (nmol/L) .13* -.14* -.11^ -.17** -.05 -.01 -.12* -.06 -.06 -.08 -.02 .09 

14. Child gendera, b .03 .11 .09 .13* .02 .08 -.10 .05 .13* -.02 .06 .02 

15. Mom with child_1y  -.02 .08 -.04 -.01 -.00 -.06 .06 -.06 -.04 -.02 -.03 -.01 

16. Mom with child_2y .00 -.01 .02 -.02 .02 .03 .08 -.04 -.04 .03 .03 .10 

18. Income (Baht) -.06 -.07 -.02 .02 -.08 -.08 .01 .06 .13* -.07 -.06 -.06 

18. Mother’s 
education (year) 

-.15* .12* .12^ .14* .01 .01 .13* .23** .21** -.01 .04 -.20** 

19. Locationa, c .24*** .00 .02 -.04 .16* .11 .01 -.12 -.08 -.09 -.07 .39*** 
^p < .1, *p < 0.05 level.  ** p < 0.01 level. *** p < .001 
1m = at 1 month old, 1y = at 1 year old, 2y = at 2 years old, SR = self-regulation, Mom with child = Hours the mother spent with her child per 
day, a = Spearman’s rho, b = Child gender (boy = 1, girl = 2), c = Location (Chomthong = 1, Fang = 2).  
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Covariates (continue) 13.  
Pesti 
cide 

14. 
Child 

gender 

15. 
Mom 
with 
child
_1y 

16. 
Mom 
with 
child 
_2y 

18. 
Income 

18. 
Mother
’s edu 

19. 
Location 

     

13. Pesticide 1            

14. Child gendera -.07 1           

15. Mom with child_1y -.12 .10 1          

16. Mom with child_2y .13* -.00 .26** 1         

18. Income .08 -.02 -.05 -.06 1        

18. Mother’s 
education 

-.26*** -.13* .08 -.15* .16** 1       

19. Locationa .35*** -.07 -.14 .15* -.10 -.52*** 1      
^p < .1, *p < 0.05 level.  ** p < 0.01 level. *** p < .001 
1m = at 1 month old, 1y = at 1 year old, 2y = at 2 years old, SR = self-regulation, Mom with child = Hours the mother spent with her child per 
day, a = Spearman’s rho, b = Child gender (boy = 1, girl = 2), c = Location (Chomthong = 1, Fang = 2).  
 

Study model analysis 

In the final section, the self-regulation developmental path from 1 month to 

2 years old and their mediators were explored with structural equation modeling 

(SEM), using R program, lavaan package, bootstrap = 5000. The full information 

maximum likelihood (FIML) was used as the missing data treatment. 

From the proposed model in Figure 4, all the variables were analyzed as 

observed variables and were controlled for prenatal pesticide exposure, mother’s 

education in years, and location. 
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Figure  4 The proposed study model with standardized path coefficients of direct 
effects and total effect. 

 

 
Fit indices: χ2(45, N = 299) = 708.333, p = .000, CFI = .166, SRMR = .135, RMSEA = .222 with 90% CI  [208, .237]. 
*This model controlled for prenatal pesticide exposure, mother’s education in years, and location. 

 

 

Form the proposed model analysis (Figure 4), the fit indices of the model 

indicated unacceptable fit, which made this model’s result unreliable, χ2(45, N = 

299) = 708.333, p = .000, CFI = .166, SRMR = .135, RMSEA = .222 with 90% CI  [208, 

.237].  

Therefore, a revised study model was investigated. Modification indices 

suggested that maternal sensitivity, maternal structuring, maternal non-intrusiveness, 

and maternal non-hostility should be analyzed as latent variables at both 1-year-old 
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and 2-year-old. This might be because all the maternal emotional availability 

dimensions are based on how the mother provided emotional availability responses 

to the child. In addition, the correlations between maternal emotional availability 

dimensions are also correlated with each other (see triangles in Table 11). So, all the 

dimensions can load into one overall maternal emotional availability. A confirmatory 

factor analysis revealed acceptable fit between measurement model and the data, 

χ2(43, N = 299) = 164.127, p = .000, CFI = .831, SRMR = .070, RMSEA = .097 with 90% 

CI  [.082, .113], as shown in Figure 5.  

Figure  5 The first revised measurement model with factor loadings 
 

 

Fit indices: χ2(43, N = 299) = 164.127, p = .000, CFI = .831, SRMR = .070, RMSEA = .097 with 90% CI  [082, .113]. 
*This model controlled for prenatal pesticide exposure, mother’s education in years, and location. 
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However, an inspection of modification indices suggested that estimating a 

parameter of residual covariance between maternal sensitivity and maternal 

structuring for both 1-year-old and 2-year-old would improve the model fit. This may 

be because sensitivity is a basis for good structuring. For example, mother would not 

get a high score on structuring if she was not sensitive enough to adjust her guidance 

based on the child’s behavior. After estimating a parameter of residual covariance 

between maternal sensitivity and maternal structuring for both 1-year-old and 2-year-

old, the expected correlations between maternal sensitivity and maternal structuring 

were .63 at 1 year old and .70 at 2 years old. The second revised measurement 

model yielded an acceptable global fit, χ2(41, N = 299) = 63.094, p = .015, CFI = .969, 

SRMR = .047, RMSEA = .042 with 90% CI  [.019, .062] (Hu & Bentler, 1999), as shown in 

Figure 6.  
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Figure  6 The second revised measurement model with factor loadings and 
correlations between measurement residuals 

 

Fit indices: χ2(41, N = 299) = 63.094, p = .015, CFI = .969, SRMR = .047, RMSEA = .042 with 90% CI  [019, .062]. 
*This model controlled for prenatal pesticide exposure, mother’s education in years, and location. 

 

Therefore, the second revised measurement model was used in the final 

revised study model analysis to examine the association between newborn self-

regulation at 1 month to child self-regulation at 2 years. In addition, to examine 

associations from mediators at 1 year old to the outcome, paths from mediators at 1 

year to child self-regulation at 2 years were added into the revised study model as 

well (Figure 7). 
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Figure  7 The final revised study model with standardized path coefficients of direct 
effects and total effect, factor loading, and the correlation between measurement 
residuals. 

 

Fit indices: χ2(66, N = 299) = 119.956, p = .000, CFI = .934, SRMR = .060, RMSEA = .052 with 90% CI  [037, .067],  

R2 = 25.7% .  
*This model controlled for prenatal pesticide exposure, mother’s education in years, and location. 

  

Figure 7 shows the results of the final revised study model with an 

acceptable global fit, χ 2 (66, N = 299) = 119.956, p = .000, CFI = .934, SRMR = .060, 

RMSEA = .052 with 90% CI  [.037, .067]. From the final revised study model analysis 

(Figure 7), two regression paths in this model were statistically significant and in the 

expected direction. The modification indices did not suggest any further regression 

paths. First, higher level of child anger at 1 year old predicted lower level of child 
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self-regulation at 2 years old.  Second, lower level of maternal emotional availability 

at 2 years old predicted lower level of child self-regulation at 2 years old. 

Additionally, covariates in this study model had significant associations with some 

study variables. The location (Chomthong = 1, Fang = 2), was positively and 

significantly associated with maternal emotional availability at 1 year old, and child 

self-regulation at 2 years old. The prenatal pesticide exposure was not significantly 

associated with any study variables. Table 12 presented all path coefficients of the 

revised study model. 

However, it showed that newborn self-regulation at 1 month old had no 

association with child self-regulation at 2 years old, and 4 mediators (i.e., child anger 

temperament at 1 year old and 2 years old and maternal emotional availability at 1 

year old and 2 years old) were not mediators between newborn self-regulation at 1 

month old and child-self-regulation at 2 years old in this model. The maternal 

emotional availability at 1 year old had no association with maternal emotional 

availability at 2 years old. Similarly, child anger at 1 year old had no association with 

child anger at 2 years old.  

 The coefficient of determination (R2) indicates that 25.7% of the variance in 

child self-regulation at 2 years old can be explained by its predictors and covariates 

in the revised study model.  
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Table  12  Path coefficients, unstandardized estimations, standard error, 
standardized estimations, and 95% confident interval of revised study model. 
Path coefficients Estimate SE p - value β 95% CI 
Revised study model 

     

Newborn self-regulation_1m -> Child anger_1y .40 .52 .44 .05 [-.65, 1.42] 
Newborn self-regulation_1m -> Maternal EA_1y -.01 .11 .94 -.01 [-.21, .20] 
Newborn self-regulation_1m -> Child anger_2y -.13 .12 .26 -.07 [-.36, .10] 
Newborn self-regulation_1m -> Maternal EA_2y -.03 .10 .74 -.03 [-.23, .16] 
Newborn self-regulation_1m -> Child self-regulation_2y -.12 .07 .11 -.09 [-.26, .03] 
Child anger_1y -> Child anger_2y .03 .02 .12 .12 [-.01, .06] 
Child anger_1y -> Child self-regulation_2y -.02 .01 .046 -.13 [-.04, .00] 
Maternal EA_1y -> Maternal EA_2y .16 .10 .12 .16 [-.03, .37] 

Maternal EA_1y -> Child self-regulation_2y .04 .08 .56 .05 [-.11, .20] 
Child anger_2y -> Child self-regulation_2y -.02 .04 .59 -.03 [-.10, .06] 
Maternal EA_2y -> Child self-regulation_2y .24 .07 .000 .24 [.11, .38] 

Covariates 
     

Pesticide -> Child anger_1y -.99 .52 .06 -.13 [-2.09, -.00] 
Pesticide -> Child anger_2y -.18 .13 .19 -.10 [-.45, .07] 
Pesticide -> Maternal EA_1y -.13 .10 .22 -.11 [-.33, .07] 
Pesticide -> Maternal EA_2y .01 .09 .95 .01 [-.17, .18] 
Pesticide -> Child self-regulation_2y -.09 .08 .27 -.08 [-.22, .08] 
Mother education -> Child anger_1y .15 .07 .04 .14 [.01, .30] 
Mother education -> Child anger_2y .03 .02 .11 .13 [-.01, .07] 
Mother education -> Maternal EA_1y .03 .01 .05 .18 [.00, .06] 
Mother education -> Maternal EA_2y .01 .02 .72 .04 [-.02, .04] 
Mother education -> Child self-regulation_2y -.00 .01 .90 -.01 [-.02, .02] 
Location -> Child anger_1y 1.11 .81 .17 .10 [-.44, 2.74] 
Location -> Child anger_2y .28 .19 .15 .11 [-.01, .66] 
Location -> Maternal EA_1y .49 .17 .003 .29 [.17, .82] 
Location -> Maternal EA_2y -.19 .16 .23 -.12 [-.49, .11] 
Location -> Child self-regulation_2y .72 .12 .000 .44 [.50, .96] 

Indirect 
     

Newborn SR_1m -> Child anger_1y -> Child anger_2y  
-> Child SR_2y 

-.00 .00 .79 -.00 [-.00, .00] 

Newborn SR_1m -> Maternal EA_1y -> Maternal EA_2y  
-> Child SR_2y  

-.00 .01 .95 -.00 [-.01, .01] 

Newborn SR_1m -> Child anger_1y -> Child SR_2y   -.01 .01 .52 -.01 [-.04, .01] 
Newborn SR_1m -> Child anger_2y -> Child SR_2y  .00 .01 .71 .00 [-.01, .02] 
Newborn SR_1m -> Maternal EA_1y -> Child SR_2y  -.00 .01 .97 -.00 [-.02, .02] 
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Path coefficients Estimatea SE p - value βb 95% CI 
Newborn SR_1m -> Maternal EA_2y -> Child SR_2y  -.01 .03 .76 -.01 [-.06, .04] 

Total effect -.13 .07 .08 -.10 [-.27, .02] 

a = unstandaradized estimations, b = standardized estimations, Bold indicates statistically significant path coefficients. 

In sum, this study model, which consisted of 6 study variables and 3 

covariates, found that lower level of child anger temperament at 1 year old and 

higher quality of mother-child interaction, indicated by maternal emotional 

availability at 2 years old, are significant predictors of higher level of child self-

regulation at 2 years old. However, the child anger temperament and the quality of 

mother-child interaction at both ages were not the mediators of relation between 

the newborn self-regulation and child self-regulation at 2 years old.  
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Chapter 4 

Discussion 

The goal of this study was to investigate the association between newborn 

self-regulation at 1 month old and child self-regulation at 2 years old, with the child 

anger temperament and quality of mother-child interaction at 1 year and 2 years of 

age as mediators for child self-regulation.  

We observed that lower child anger temperament at one year predicted 

higher self-regulation at 2 years and higher quality of mother-child interaction at two 

years also predicted better child self-regulation at two years. Furthermore, 

exploration of different cultures within our study also revealed differences in self-

regulation at two years that can inform understanding of different parenting 

approaches. However, newborn self-regulation did not predict child self-regulation at 

two years and was not significantly associated with child anger temperament or 

quality of mother-child interaction at one or two years of age in this study model. 

Moreover, quality of mother-child interaction at one year and child anger 

temperament as reported by the primary caretaker at 2 years were not significantly 

associated with child self-regulation at 2 years.  

Thus, the hypothesized mediation model was not supported by our data.  

However, our study findings are congruent with previous studies. For instance, 
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Geeraerts, Backer, & Stifter, (2020) found that infants with lower negative emotional 

reactivity combined with highly sensitive caregiving predicted better self-regulation at 

preschool age. Similarly, Kim & Kochanska (2012) found that highly negative emotion 

combined with unresponsive relationship with the mother were risk factors for lower 

child self-regulation.  

Interestingly as we controlled the location variable, we found that location 

where the children were raised in this sample had significant association with quality 

of mother-child interaction at 1 year old and child self-regulation at 2 years old. The 

participants who lived in Fang seemed to have higher levels of quality of mother-

child interaction and child self-regulation. This may be because of cultural 

differences between these 2 locations. This does not mean that living in more rural 

area would benefit children’s self-regulation and other cognitive outcomes later in 

life. But to suggest that the difference between urban, suburban, and rural 

characteristics of their lifestyles and environments should be investigated further to 

understand its effect on child self-regulation. Some studies found that children who 

grew up in disadvantaged environments could be outperforming children in 

advantaged environment on self-regulation tasks, especially inhibitory control 

(Mousavi, & Gharibzadeh, 2022). For example, Lamm et al. (2018) found that 

Cameroonian Nso preschoolers, who lived in rural Cameroonian Nso farming family, 

could perform inhibitory control delayed task better than the urban German middle-

class. They also suggested that mothers in Cameroonian Nso were more focused on 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 98 

hierarchical relational socialization goals which supported the child’s ability to inhibit 

their behavior more than child-centered parenting from German middle-class 

mothers. From these findings we can see that children who lived in disadvantaged 

and more hierarchical relational socialization goals, seemed to have better inhibitory 

control. So, the children who live in the hierarchical relational socialization may be 

advantaged in at least one basic dimension of self-regulation and executive function.  

Therefore, if these children can access stimulating environments that 

promote other dimensions of self-regulation and executive function (i.e., cognitive 

flexibility and working memory), these children may be longitudinally outperforming 

children from socio-economic advantaged environments. Because they are calmer 

and can inhibit themselves better,  they may be more ready to learn and improve 

further cognitive skills. 

 Newborn self-regulation did not predict child anger temperament, maternal 

emotional availability at both ages, and child self-regulation at 2 years old. This 

might be for several reasons. Newborn self-regulation scores from this sample are 

mostly in the range of normal development based on data from a US sample 

(Provenzi et al. 2018). When comparing the normative data with the scores in our 

study, the mean score of Thai newborn self-regulation is higher. The minimum and 

maximum scores of this study are  higher than the scores from the normative data as 

well. This may indicate that newborns in our sample are at less risk for lower 
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neurobehavioral self-regulation at birth. Consequently, the NNNS measurement may 

be more effective to discriminate between newborns with normal development and 

newborns with developmental risk (e.g., preterm, low birth weight, or birth 

complication).  

Usually, NNNS studies grouped newborns into NNNS profiles, rather than using 

the individual NNNS scales. Additionally, the mean score of newborn self-regulation 

in this study is comparable to self-regulation mean scores of newborns in normal 

development profile from other studies (Liu et al., 2010; Parikh et al., 2022; Sucharew 

et al., 2012). One reason is because we included subjects who were not at risk for 

developmental delay (i.e., gestation more than 32 weeks, weight after birth is more 

than 1,500 grams, and healthy, no anomaly). Second, measurements of self-

regulation at birth and at 2 years old tap different aspects of self-regulation. NNNS 

self-regulation capture the newborn’s capacity to organize motor activity, physiology, 

and state, to keep him/herself in calm state (Lester & Tronick, 2004). In constrast, 

self-regulation at 2 years requires children to inhibit impulsive responses, listen to 

instruction, and keep the instruction in mind to follow the instruction correctly. The 

self-regulation at 2 years old requires more cognitive abilities than newborn self-

regulation which was more about physiological and state modulation.  

Therefore, this finding suggested that it may be more effective to observe all 

aspects of the child’s characteristics and neurodevelopmental signs to study its 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 100 

impact on later mother-child interaction and developmental outcomes such as 

difficult temperament or self-regulation.  

Discontinuity of child anger temperament at 1 year old and 2 years old 

 Our study found no association between child anger at one and two years. 

This might be because the measurements of child anger differ between one and two 

years. Child anger at 1 year  was measured by direct observation  but child anger at 2 

years  was parent-report.  

As mentioned earlier using parent-report might be capturing more of the 

reporter’s perception toward the child, rather than the level of child anger itself. 

Additionally, parent-reports provide an overall view across many situations, but the 

direct observation measures child’s behavior in a specific situation. Previous studies 

also found inconsistency between using parent-report and direct observation (Gagne 

& Goldsmith, 2011; Planalp et al., 2017). So, if the goal of a study is to assess the  

child’s general emotional expression in daily life or in general situations, it may be 

appropriate to measure by parent-report. However, this study focused on child’s 

temperamental intensity of anger reactivity that will impact child self-regulated 

ability. So, the direct observation of child anger reactivity in a specific situation was 

preferred. Furthermore, the variables in this model were measured by direct 

observation. The main result of this study model found that direct observation of 
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child anger at 1 year predicted child self-regulation at 2 years, but the prediction 

could not be found from the parent-report to child self-regulation at 2 years.  

Therefore, we suggested for further study that will focus on child’s behavior 

or emotional reactivity should use direct observation in a situation that induce the 

same emotional aspect (i.e., goal-blocking situation) for all participants and across all 

time points. Then, we can see the consistent result from the same aspects of 

behaviors, which may have a clearer picture of the relations between child anger 

temperament and child self-regulation. 

Continuity and discontinuity between quality of mother-child interaction at 1 

and 2 years old 

 When looking at the correlation matrix (see table 11 in chapter 3) between 

each dimension of maternal emotional availability, 3 dimensions (maternal 

sensitivity, maternal structuring, and maternal non-hostility) were positively 

correlated across time.  

Maternal non-intrusiveness was not correlated between 1 year old and 2 

years old. Further investigation of paired t-test found that the quality of maternal 

sensitivity significantly decreased from 1 to 2 years old, t(223) = 2.06, p < .05. In 

contrast, the quality of maternal non-intrusiveness increased from 1 to 2 years old, 

t(223) = -2.23, p < .05. No difference was found between 1 and 2 years old in 

maternal structuring and maternal non-hostility, suggesting that maternal structuring 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 102 

and maternal non-hostility tend to be stable from one to two years of age. However, 

this study found no association between the maternal emotional availability 

between one and 2 years old. 

The decrease of maternal sensitivity score and increase in maternal non-

intrusiveness suggested that mothers in this sample tended to be less responsive 

and less involved with the child at 2 years old. The mothers were less responsive 

and uninvolved resulting in lower scores on maternal sensitivity. The less responsive 

and uninvolved means that mother had less chance to be intrusive as well, so they 

got higher non-intrusiveness scores (Biringen, 2008).  

These findings suggested that maternal behaviors toward the child could 

change across time. This may be due to child’s developmental changes as well. 

When the child was 1 year old, mother might need to be more responsive and use 

more physical control to help or manage the child’s behavior. However, at 2 years 

old, the child has more autonomy and can help him/herself to do things, so some 

mothers may be less involved and show less support. This change of the maternal 

emotional availability of some mothers may be relevant to the association between 

maternal emotional availability at 2 years to child self-regulation at 2 years old. 

Presumably, mothers who have consistently high emotional availability may confer 

advantages for child self-regulation. Mothers who provide lower emotional 

availability at 1 year old but get better at 2 years old may also improve child self-
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regulation. Mothers who drop their quality of emotional availability may result in 

child’s lower self-regulation. And mothers who show low emotional availability from 

the beginning at 1 year old may be most disadvantageous to the child self-

regulation. Acknowledging the effect of pattern of change on child self-regulation 

may be helpful for designing effective interventions for each group. Moreover, these 

patterns of change may somehow be relevant to child anger temperament. 

Presumably, mothers who are with a highly anger reactivity child may decrease their 

sensitivity and involvement with the child.  

The continuity and discontinuity of quality of mother-child interaction, 

measured by EAS, in this study expanded the age-relevance of mother-child 

interaction from previous studies (Biringen et al., 2000; Bornstein et al., 2010), on how 

maternal emotional availability continues or changes across 1 year and 2 years of 

age. So, we suggested that future research direction should investigate different 

patterns of change in maternal emotional availability which may differently effect 

the child self-regulation. 

Correlations between child anger temperament and quality of mother-child 

interaction 

 Further investigation on the correlations between child anger temperament 

and quality of mother-child interaction (see table 11 in chapter 3) found that there 

was a small positive and significant correlation between child anger at 1 year and 

maternal structuring at 2 years (r = .15, p < .05). This positive correlation suggests that 
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higher child anger at 1 year old correlated with slightly better score of maternal 

structuring at 2 years old. However, the predictive association between child anger at 

1 year old and overall quality of mother-child interaction at 2 years old was not 

observed in the full model. The positive correlation between child anger and 

maternal structuring is unexpected. Because previous studies found that child 

difficult temperament, including anger, tended to associate with less quality of 

mother-child interaction (Laukkanen et al., 2014; Shiner & Caspi, 2003). However, the 

correlation found in this study may suggest some potential relation between early 

child anger reactivity and later quality of mother-child interaction, especially 

maternal structuring. One potential assumption is that mothers of higher anger 

reactive child may have more experience dealing and guiding the child. So, in the 

long-term these mothers may gradually develop more effective strategies to guide 

their child. The moderating effects of infant anger temperament in the association 

between mother-child interaction at 1 year old, mother-child interaction at 2 years 

old, and child self-regulation at 2 years old are recommended for future study. 

Even though, this study was performed with children in SAWASDEE study who 

were selected as healthy with emphasis on pesticide exposure as the predictor. 

However, results in this study clearly revealed that the prenatal pesticide exposure 

did not have any impact on child anger temperament or self-regulation during the 

first 2 years of life (see Table 12). Therefore, this study’s findings may generalize and 

can apply to other healthy rural Thai infants. The measurements used and the 
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results of comparison in this study are from primarily western and US samples. This, 

thus,  study suggesting that the direct observational measurements’ protocol in this 

study was valid and can be used with Thai children. The results from this study may 

contribute to more data of child anger temperament, mother-child interaction, and 

development of child self-regulation in Thai culture. However, the participants in this 

study were limited to low income, agricultural, and rural families. This sample is 

homogeneous and  lacks data from other socio-economic groups, occupations, and 

locations. Therefore, future study should explore with a broader range of 

participants. 

In sum, these findings from the revised study model suggested that low level 

of child anger reactivity at 1 year old and high level of quality of mother-child 

interaction at 2 years old were the temperamental and maternal nurturing factors of 

better child self-regulation. These effects could be found even when controlled for 

prenatal pesticide exposure, mother’s level of education, and cultural differences 

from where the child was raised. Additionally, the findings suggested valid 

assessments, normative data of Thai rural families and early time-points to assess or 

intervene the child temperamental risk and parental risk factors of child self-

regulation. 
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Chapter 5 

Conclusions, Limitations, and Suggestions 

Purpose of this study 

To study the mediating effect of child anger temperament and quality of 

mother-child interaction on the relation between newborn self-regulation to later 

self-regulation at 2 years old  

Study variables 

 1. Predictor 

 The predictor of this study is newborn self-regulation measured when the 

child was 1 month old. This was to assess child’s nature of self-regulated ability. 

 2. Mediators 

 The mediators in this study consist of 4 variables 

 2.1 Child anger temperament at 1 year old - This was to assess child 

anger reactivity at 1-year-old time point as a mediator in a developmental 

path of newborn self-regulation to child self-regulation at 2 years old. 

 2.2 Child anger temperament at 2 years old - This was to assess child 

anger reactivity as a mediator at 2-year-old time point in a developmental 

path of newborn self-regulation to child self-regulation at 2 years old. 
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 2.3 Maternal emotional availability at 1 year old - This was to assess 

quality of mother-child interaction at 1-year-old time point, as a mediator in a 

developmental path of newborn self-regulation to child self-regulation at 2 

years old. 

 2.4 Maternal emotional availability at 2 years old - This was to assess 

quality of mother-child interaction at 2-year-old time point as a mediator in a 

developmental path of newborn self-regulation to child self-regulation at 2 

years old. 

3. Outcome 

The outcome of this study is child self-regulation measured when the child 

was 2 years old. This was to assess child self-regulated ability as the outcomes of 

long-term intrinsic (newborn self-regulation and child anger temperament) and 

extrinsic (quality of mother-child interaction) influences. 

Research Hypothesis 

 The relation between newborn self-regulation and child’s later self-regulation 

at 2 years old is mediated by child anger temperament and quality of mother-child 

interaction.  

Participants 

 This study is a part of the Study of Asian Women and their Offspring’s 

Development and Environment Exposure (SAWASDEE Study), which is a prospective 
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birth cohort study designed to examine the impact of prenatal exposure to OPs on 

infant neurodevelopment. The participants of this study were 322 mother-infant 

dyads. They were 160 boys (49.7%) and 162 girls (50.3%). Among 322 mother-child 

dyads, 216 dyads (67.1%) lived in Chomthong district, Chiangmai. The other 106 

dyads (32.9%) lived in Fang district, Chiangmai. 

Measurements 

The measurements in this study consist of 7 measurements as follows: 

1. Newborn self-regulation – measured by self-regulation subscale of NICU 

Network Neurobehavioral Scale (NNNS; Lester & Tronick, 2004) 

2. Child anger temperament at 1 year old – measured by Attractive toy 

behind a barrier (ATB) episode of Laboratory temperament assessment battery (Lab-

TAB) locomotor version 3.1 (Goldsmith & Rothbart, 1999) 

3. Child anger temperament at 2 years old – measured by Frustration/distress 

to limitation subscale of Early Childhood Behavior Questionnaire Short Form (ECBQ-

sf; Putnam, Gartstein, & Rothbart, 2010) 

4. Quality of mother-child interaction at 1 year old and 2 years old – 

measured by Maternal dimensions of Emotional availability scale (EAS) 4th edition 

(Biringen, 2008) 

5. Child self-regulation at 2 years old consists of 3 battery tests: 
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5.1 Crayon delay (Joyce et al., 2016) 

5.2 Snack delay (Kochanska et al., 2001, Spinrad et al., 2007) 

5.3 Prohibited toy task (Harden et al., 2015; Kochanska et al., 2001) 

Procedures 

 1. Inclusion and exclusion - 1,291 pregnant women who presented at 

Chomthong hospital or Fang hospital, in Chiangmai Province were screened for their 

first antenatal care. Participants that were eligible for the study after delivery were 

322 healthy mother-infant dyads. 

2. The participants were reminded of the appointment for each visit 1 month 

before and 1 day before the appointed date. 

3. Session procedure were conducted, following the procedure for each age 

visit. 

4. Lastly, participants were appointed to the next visit and received the 

compensation. 

Data analysis 

The descriptive statistics, completers and non-completers comparison, and 

correlation analysis were explored. The self-regulation developmental path from 1 

month old to 2 years old and their mediators were explored with structural equation 

modeling (SEM), using R program, lavaan package, bootstrap = 5000. The full 

information maximum likelihood (FIML) was used as the missing data treatment. 
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Results 

 The total sample size of this study is 322 mother-child dyads. The attrition 

rate was 13.04% of overall subjects at 1 year old and 16.46% at 2 years old. In this 

study, the total of 299 dyads were included in analysis, and missing data were 

treated with full information maximum likelihood (FIML). 

 This study found association between child anger temperament at 1 month 

old and child self-regulation at 2 years old was found (β = -.13, p < .05). Moreover, 

an association between the quality of mother-child interaction at 2 years old and 

child self-regulation at 2 years old was found (β = .24, p < .001), even when 

controlled for prenatal pesticide exposure, mother’s education, and locations (R2 = 

25.7%). However, the mediated model was not support by the data. No association 

between the newborn self-regulation to later child self-regulation at 2 years old. In 

addition, child anger temperament at 1 year and 2 years, and quality of mother-child 

interaction at 1 year and 2 years were not mediators between newborn self-

regulation and self-regulation at 2 years old. 

Limitations and suggestions 

1. The NNNS latent profile analysis is recommended to be used to distinguish 

the characteristics of neurodevelopment as a nature of newborns, rather than using 

only a subscale score. 
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2. Even though this study’s findings may generalize and can apply to other 

healthy rural Thai infants. However, the participants in this study were limited to low 

income, agricultural, and rural families. Therefore, future study should explore with 

more type of participants to establish normative data that can be apply for Thai 

populations. 

3. This study used direct observation at 1 year old, but mother-report 

questionnaires to assess child anger temperament at 2 years old, which did not 

associate to child self-regulation at 2 years old. Future study should use a direct 

observational measurement to assess child anger temperament at both 1-year and 2-

year time points. This is to clarify further information about how child anger 

temperament at both 1 year and 2 years effect on child self-regulation. 

4. The moderation effect of child anger temperament on the relations of 

mother-child interaction, and child self-regulation, as well as moderation effect of 

mother-child interaction on the relation between child anger temperament and child 

self-regulation should be investigated further. 

5. Further study should be investigated to child cognitive development 

outcomes later after 2 years old. The inhibitory control is just a fundamental of child 

self-regulation at early age. When children grow older the definition of self-regulation 

ability becomes more complex and need more cognitive function to perform more 

strategic and effective self-regulation, such as effortful control, planning, or cognitive 
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shifting. The further investigation will provide the full picture of the benefit of 

protecting the child from the risk factors at early stages. 

6. This study suggested that associations between different patterns of change 

in quality of mother-child interaction and the development of child self-regulation 

should be studied further. 

7. This study suggested that 1 year old might be a sensitive period for 

assessing the temperamental and maternal factors in development of child self-

regulation. Future research on preventive early intervention for high anger child 

should be developed, such as quality of mother-child interaction enhancement 

program and effective parenting strategies for child anger control.  
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Appendix 3 

Completers, Non-completers, Dropout and Missing data comparison 
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Appendix 4 

NICU Network Neurobehavioral Scale (NNNS) Procedure and Score 

sheet 
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The NNNS began with preexamination observation of respiration, color and 

tone. If the infant was sleeping, habituation items were administered. If not, the 

administration was continued with unwrap and supine package. The administration 

ended with postexamination observation. The NNNS was recommended to be 

administered in the same order for all infants; however, if the required state was not 

met, the examiner rearranged the package order, but maintained the items order 

within the package. 

NNNS Materials 

- standard 8-inch flashlight 

- a red ball 

- a red rattle 

- a bell 

- a foot probe  

- head supports 

- a watch 

- the NNNS scoring form 

NNNS Coding 

The NNNS coding was done by the NNNS certified nurses. 
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NNNS Data reduction plan 

Only self-regulation subscale score was used. The self-regulation subscale 

score is calculated by averaging scores (range from 1 to 9) from 15 items, include 

(Lester & Tronick, 2004). Inter-rater reliability was completed for 1 or 2 cases per 

month (κ = .84–1.00).  

- 25. Pull to sit 

This Item observed the extent that the newborn tries to maintain his/her 

head upright and how long the infant can do it. The highest score means newborn 

can maintain the head upright for 1 minute after seated. The lowest score means 

head lags or hypotonic and cannot sit up. 

- 33. Cuddle in arm 

- 34. Cuddle on shoulder 

Item 33 and 34 are measure newborn’s response to being held in alert state. 

The cuddliness is to see whether the newborn is able to initiate cuddling and can 

relax or mold, nestle, and cling to the experimenter, which enable the newborn to 

calm down and relax easier. The highest score means the newborn grasps and clings 

to the experimenter. The lowest score means the newborns resists being held, 

continuously pushing away. 
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- 43. Defensive response 

This Item is to see newborn ability to adjust the environment be him/herself 

in the situation that his/her eyes and nose are covered lightly with a small cloth by 

the experimenter. The highest score means the newborn successfully removes the 

cloth by swiping at it. The lowest score means infant has no response. 

- 47. Alertness 

This Item measures newborn’s alertness and responsiveness to stimuli. The 

score is indicated by the duration of the focused alertness and the latency of 

responsiveness. The highest score means the newborn always alert for most of 

examination; intensely and predictably alert. The lowest score means the newborn 

never alert and rarely or never responsive to direct stimulation. 

- 48. General Tone: Predominant Tone 

This item is to see newborn’s tone. The newborn with typical tone is able to 

actively flex and extend the limbs which means that they can control their body to 

adjust internal and external arousal. The highest score means newborn’s tone 

average when handle; lies with relaxed tone at rest. The lowest score means the 

newborn is hypertonic at rest (in flexion) and hypertonic all the time.  
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- 49. Motor Maturity 

This item measures the quality of form of spontaneous and elicited arm 

movements by assessing smoothness versus jerkiness which reflecting the balance 

between flexors and extensors, and unrestricted versus restricted arcs. The highest 

score means the newborn’s movement is smooth; unrestricted arcs of more than 90° 

all the time. The lowest score means the newborn has cogwheel-like jerkiness, over 

shooting of legs and arms in all directions. 

- 50. Consolability With Intervention 

This item measures the number of maneuvers the experimenter uses to bring 

the newborn from intensive crying to completely calm. The highest score is indicated 

by experimenter’s face alone can completely calm the newborn. The lowest score 

means the newborn cannot console at all. 

- 52. Rapidity of Build-up 

This item measures the latency of first intense crying. The highest score 

means the newborn never upset. The lowest score means the newborn intensively 

cries at the very beginning and never be quiet enough to score this item. 

- 56. Tremulousness 

This item measures the number of times tremors of the newborn’s limbs and 

chin are seen and in which state of the tremors are seen. This irritation may disrupt 
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the newborn from sleeping or other activities. The highest score means no tremors. 

The lowest score means tremulousness is seen consistently and repeatedly in all 

states. 

- 57. Amount of Startle During Examination 

This item observes the number of newborn’s startle. The highest score means 

no startles. The lowest score means ten or more startles, excluding Moro reflex. 

- 58. Lability of Skin Color as Infant Moves from States 1 to 6 

This item observes newborn’s skin color changing. The highest score means 

skin color changes minimally during the examination. The lowest score means 

marked, rapid changes in skin color to very red and good color does not return 

during rest of examination, or newborn becomes pale and dusky during examination; 

color does not improve with handling. 

- 59. Lability of States 

This item measures the newborn’s state performance over the examination 

period. Every definite state change over a recognizable period of at least 15 seconds 

is counted. The highest score means there are 3 to 5 state changes over the course 

of the examination. The lowest score means there are 0 to 2 state changes or more 

than 16 state changes over the course of the examination. 
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- 60. Self-Quieting Activity 

This item measures the activity that newborn initiates in a crying or fussing 

state as an observable effort to quiet him/herself. The success of the activity is 

measured by an observational state change to calm state (state 4 or below) and 

persisting for at least 5 seconds. The highest score means newborn consistently 

quiets self for sustained periods and never needs console. The lowest score means 

newborn makes no attempt to quiet self and intervention always necessary.  

- 61. Hand-to-Mouth Facility 

This item measures the newborn’s ability to bring hand to mouth as well as 

success in insertion. The hand-to-mouth is a reflex that newborn spontaneously 

attempts to control or comfort him/herself when upset. The highest score means 

newborn’s fist and/or fingers is inserted and the newborn sucks on them for 15 

seconds or more. The lowest score means no attempt to bring hands to mouth. 
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NNNS Score Sheet (example page 1 of 5) 
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Appendix 5 

Attractive toy placed behind barrier (ATB) Procedure and Score Sheet 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 156 

Two video cameras were used to record child’s emotional reactivity, 

especially facial expression. One camera was placed to capture close-up facial 

expressions. Another camera was placed at the left side of the child. Child sat on 

mother’s laps during the test. The test was divided into 3 trials. Each trial consisted 

of 15 seconds play phase and 30 seconds observed phase. The whole test was 

approximately 3 minutes long. Experimenter sat approximately 1 meter away to the 

child’s left at the left side of the table. Before the beginning of the test, the 

experimenter informed mothers to try not to show their facial expression and to 

remain still during the test to keep maternal soothing at a minimum. The test began 

with experimenter showing how to play with the color rattle by shaking it, then let 

the child play freely with the rattle for 15 seconds (play phase). After 15 seconds, 

experimenter placed the Plexiglas on the table in front of the child and within the 

child’s reach. The rattle was taken away at the end of the 15 seconds as well, and 

was placed behind the Plexiglas for 30 seconds. After first 30 seconds, the 

experimenter retrieved the rattle and started another trial all over again (play phase 

and observed phase). The rattle was returned to the child after observed phase of 

the third trial to relieve any negative emotion that occurred during the test. 

ATB Materials 

- A colorful rattle 

- 2 video cameras 
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- A Plexiglas barrier, size 31.25 cm x 40 cm 

- Stopwatch 

ATB Coding 

Only observed phases were coded for this episode, and the coding begins 

when the experimenter releases his/her hand from the rattle after placing it behind 

the barrier. The observed episode was divided into 18 epochs, 5 seconds for each 

epoch. Child’s intensity of facial anger, intensity of distress vocalization, intensity of 

struggling approach, and intensity of struggling withdrawal were coded as their anger 

expression in response to the eliciting frustration and anger event. In case that some 

children were excessively frustrated, fussy, and could not cooperated with the 

administration, these children were coded with the highest anger expression score. 

 

 

 

 

 

 

 

 

 

 

 

 

Table  Anger expression, coding, and observed behavior (modified from Goldsmith & 
Rothbart, 1999) 
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Anger expression Coding Behavior 
Intensity of facial anger;  
Examples of 3 facial regions 
movement,  
- Brows’ inner corners are lower 
and drawn together 
- Eyes look tense or squinted 
- Mouth looks tense, wide open 
and squarish, or closes with lips 
pressed together 

0 
1 

 
2 
 
3 

No facial region shows codable movement 
Only 1 facial region shows codable anger movement, 
or expression is ambiguous 
Only 2 facial regions show codable anger movement, 
or movement is very clear in 1 facial region 
All 3 facial regions show codable anger movement, or 
coder has impression of strong anger 

Intensity of distress vocalization 0 
1 
 
2 
3 
 
4 
5 

No distress 
Mild protest, may difficult to identify as hedonically 
negative 
Definite protest, limited to a short duration 
Longer protest, fussing, or mild intensity cry (rhythmic 
quality) 
Definite non-muted crying 
Full intensity cry, or scream (child is losing control) 

Intensity of struggling approach 0 
1 
2 
3 
4 

No movement towards barrier; C is passive 
Very low intensity of movement towards the barrier 
Moderate intensity of movement towards the barrier,  
High intensity movements towards the barrier 
Very high intensity of movement towards the barrier 
throughout the epochs, or child seems out of control 

Intensity of struggling withdrawal 0 
1 
2 
 
3 
 
4 

No movement towards barrier; C is passive 
Low intensity attempts to leave the chair 
1 or 2 independent medium intensity attempts to 
leave the chair 
Repeated or higher intensity attempts to leave the 
chair 
Very high intensity of movement to leave the chair 
throughout the epochs, or child seems out of control 

 

 

 

 

ATB Score Sheet 
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Appendix 6 

Emotional Availability Scale (EAS) Procedure and Score Sheet 
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This test was separated into 2 parts, each part is 10 minutes long, and was 

assessed 2 times at child’s age 1-year, and 2-year. First part was observed when 

mother brings the child to the laboratory room. This was to see if the mother can 

help the child play in the unfamiliar place and their interaction in the situation. The 

mother was introduced and told that they could play freely with toys in the basket 

for 10 minutes, and they could play as they were at home. She was informed that 

their play would be recorded to see how the child usually plays. Then the 

experimenter left the room and started the clock. After 10 minutes the experimenter 

came back to the room and informed the mother to ask the child to clean up by 

putting the toys back in the basket. This was to elicit how the mother would guide 

the child to do something. Another part was observed when they had 10 minutes 

break during the laboratory session. This was to see their interaction when they 

became more familiar with the setting and the experimenter, and to see how the 

mother interacted with the child when they were not completely fresh. Therefore, 

the overall observation time was 20 minutes for each subject. The same set of toys 

were used across all ages. All the toys are usually found in their area, suitable for this 

age range, and can be applied many ways to play with the child.  

EA Materials 

- a basket with toys (10 wooden blocks, a children soft book, 6 

plastic fruits, a ball, a rattle) 

- a video camera 

EA Coding 

The direct scores range from 7 to 1. According to EA scale 4th edition manual 

(Biringen, 2008), the direct scores in EA scale system are construct based scales   
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Table EA maternal dimensions, score range, Definition, and Example of observed 
behavior (modified from Biringen, 2008) 

EA dimensions Score range Definition Example 
Maternal 
sensitivity 

7 
 6 - 5.5 

 
5 – 4 

 
  

 3 - 2.5 
2 – 1 

Highly sensitive 
Bland sensitive 
 
Inconsistently sensitive/ apparently 
sensitive 
 
Somewhat insensitive 
Highly insensitive 

- Genuine, congruence, relaxed, gentle, their 
connection is healthy and secure. 
 
- Apparent/unreal quality, sudden shift of 
behaviors, inconsistent 
 
- Cool or detached, little or no connection, 
depressed withdrawn, traumatized affect 

Maternal 
structuring 

7 
 6 - 5.5 

 
 

5 – 4 
 
   
 

3 - 2.5 
2 – 1 

Optimal structuring 
Moderately structuring 
 
 
Inconsistent structuring 
 
 
 
Somewhat unstructuring 
Non-optimal structuring 

- Providing guidance, or suggestion that move 
the child in an appropriate way, leading the 
child in a positive way 
 
- Inconsistent in providing guidance, try too 
hard that maternal loses the child from 
positive connection 
 
- Guidance, and appropriate leading is almost 
nonexistent  

Maternal  
non-intrusiveness 

7 
 

 6 - 5.5 
 
 

5 – 4 
 

  3 - 2.5 
2 – 1 

Non-intrusiveness but emotionally 
present/available 
Generally, non-intrusiveness but 
sometimes benign forms of 
intrusiveness 
Benign intrusiveness 
 
Somewhat intrusive 
Intrusive 

- Waits for optimal breaks to enter 
interaction, rather than interrupting. 
 
 
 
- Verbally intrusive, a lot of don’t 
 
- Physically interrupt frequently, physically 
intrudes 

Maternal  
non–hostility 

7 
 6 - 5.5 

 
5 – 4 

 
  

 3 - 2.5 
2 – 1 

Nonhostile 
Generally nonhostile 
 
Covertly hostile 
 
 
Slightly overtly hostile 
Markedly and overtly hostile 

- Does not use any negative expression in 
voice, face, and behaviors 
 
- There are subtle sign of stress or covert 
negative expression (e.g. huffing and puffing) 
 
- Shows negative expression overtly 
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EA Score Sheet 
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Appendix 7 

Early Childhood Behavioral Questionnaire – short form (ECBQ-sf) 
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Thai version of Early Childhood Behavioral Questionnaire – short form 

(example page 1 of 7) 
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Appendix 7 

Crayon Delay Procedure and Score Sheet 
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Child was seated on a chair at a child size table opposite the experimenter. 

Mother answered a questionnaire at another table with back turned to experimenter 

and child. If the child did not sit without  the mother nearby, then mother could sit 

behind the child with clipboard and the questionnaire, and mother were informed 

that she could comfort the child to get back to the seat, but when the test starts no 

talking was allowed, and mother answered the questionnaire during the test. At the 

beginning of the test, child was invited to color, then experimenter put the opened 

box of crayons with a couple of crayons on the table and a paper within the child’s 

reach. Experimenter explained “I need to go outside to find some things for a new 

game. Please do not touch the paper, crayons until I come back.” (น้อง ... คะ เดี๋ยว

คุณครูจะออกไปหยิบของข้างนอก น้อง ... ห้ามจับสีเทียนกับกระดาษบนโต๊ะเลยนะคะ รอคุณครู

กลับมาก่อนนะคะ”) After the instruction, experimenter left the child with crayons and 

paper for 60s, then came back to the room after 60s. Then the experimenter let the 

child coloring with crayons for 5 minutes. 

CD Material  

- New box of crayons 

- Blank paper 

- A questionnaire (for the mother to do and not interrupt with the child.) 

- 2 video cameras 
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CD Coding 

Latency of the child touching the box. (range: 0-60): The experimenter starts 

the clock when the experimenter releases hand from the crayon. Higher score 

indicates that child can control their impulse and wait longer. 

Crayon Delay Score Sheet 
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Appendix 8 

Snack Delay Procedure and Score Sheet 
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This test consists of 4 trials with different delay times, which are 10s, 15s, 20s, 

and 30s, respectively. Prior to the test, child was seated on a chair at a child size 

table opposite to experimenter. Mother answered a questionnaire at another table 

with back turned to experimenter and child. If child did not sit without mother 

nearby, then mother could sit behind the child with clipboard and the questionnaire, 

and mother was informed that she could comfort the child to get back to the seat, 

but when the test starts no talking allowed, and mother answered the questionnaire 

during the test.  

When the setting was ready, the experimenter instructed the child “Keep 

your hands on the table and wait to get the snack after the bell rings” (“เอามือวาง

บนโต๊ะตรงนี้ รอเสียงระฆังดัง กริ๊ง ๆ ถึงกินขนมได้นะคะ). Put the snack under the transparent 

cup within the child reach, the bell was presented on the table, and was always in 

experimenter’s control and out of the child reach. Starting the stopwatch when 

experimenter released hand from the cup, then experimenter waited for half of the 

delay times (5s, 7.5s,10s,15s), then lifted the bell but did not ring it. When the delay 

time for that trial was reached, experimenter rang the bell. Experimenter could 

encourage child, if he/she did not grab the snack after the bell rang. Starting next 

trial after child finished the snack. Experimenter reminded the instruction briefly to 

the child once again, started the trial following the same procedure with next 

delayed time.  
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If child became fussy and grabbed the snack before experimenter had a 

chance to mention the bell and give instruction, do not grab the snack back but let 

the child have the snack, note as task failure. Experimenter reminded the child that 

he/she had to wait then starts over. If child cannot start Trial 1 (10s delay) and 

became task failure for 3 consecutive trials, then the test stop. If child already starts 

some trials but then become fussy and task failure for 2 consecutive trials, then the 

test stop. 

After the test is done mother and child were asked to have a break outside 

the laboratory room for 5 minutes. 

SD Material  

- Bread stick 

- Transparent cup 

- Bell 

- 2 video cameras 

          SD Coding 

Start the clock when experimenter releases hand from the cup. Coding for 

each trial as following rules (Spinrad, Eisenberg, & Gaertner, 2007): 

 - Give 1 point: Child ate the snack before E lifted the bell. 

 - Give 2 points: Child ate the snack after E lifted the bell. 
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- Give 3 points: Child touched the snack before E lifted the bell. 

- Give 4 points: Child touched the snack after E lifted the bell. 

- Give 5 points: Child touched the cup or the plate before E lifted the bell. 

 - Give 6 points: Child touched the cup or the plate after E lifted the bell. 

 - Give 7 point: Child waited until the bell rang. 

 - If child gets 7 points, add 1 extra point for keeping hands on the table 

sometime during waiting time. 

 - If child gets 7 points, add 2 extra points for keeping hands on the table 

during the entire waiting time. 

 In case that the test could not be continued because the child refused by 

crying excessively, the lowest scores were given to the child for the left test items. 

Averaged latency of the child retrieving the snack from 4 trials were used for data 

analysis. The range of score can be 0 to 9, in which higher score indicates higher 

inhibitory control. 

Snack Delay Score sheet 
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Appendix 9 

Prohibited Toy Task Procedure and Score Sheet 
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1. Mother-prohibited phase 

Prior to the test before they enter the laboratory room, experimenter 

instructs the mother “This test will be around 20 minutes. There will be a shelf with 

three toys in the room. The child won’t allow to play with them during the test. You 

need to prohibit the child from the toys on the shelf and encourage the child to 

play only with the wooden shapes for the first 10 minutes.” (“กิจกรรมนี้จะใช้เวลา

ประมาณ 20 นาทีนะคะ โดย 10 นาทีแรก คุณแม่เป็นคนห้าม ไม่ให้น้องเล่นของเล่นบนชั้นวางตลอด 

10 นาทีเลยนะคะ แต่คุณแม่ชวนน้องเล่นของเล่นไม้บนโต๊ะได้ค่ะ พอครบ 10นาทีแรก เดี๋ยวคุณครูจะ

กลับมานะคะ”), then experimenter let them enter the room, and experimenter will be 

outside.  

2. Observed child’s internalization of prohibition phase 

After the first 10 minutes, experimenter enters the room and has mother say 

to the child: “Please play with the wooden shapes while I am doing this 

questionnaire. Do not touch or play with any of the toys on that shelf” (“ครบเวลา 10 

นาทีแล้วนะคะ ต่อไปจะขอคุณแม่บอกน้องว่า ‘ห้ามเล่นของเล่นบนชั้นวาง ให้เล่นกับของเล่นไม้นะ’ 

แล้วคุณแม่ไปนั่งหันหลังให้น้อง ทำแบบสอบถามที่โต๊ะนะคะ). Mother does a questionnaire at 

a table with back turned to child. Before experimenter leaves the room said to the 

mother “Please do not interaction or repetition of the commands. You can comfort 

your child with minimum interaction, if they become fussy, or cry”. Experimenter said 

“I will be back after 5 minutes”), then leaves. (ก่อนผู้วิจัยออกจากห้องบอกคุณแม่ว่า 

“หลังจากนี้คุณแม่ไม่คุยกับน้องแล้วนะคะ ถ้าน้องร้องไห้งอแงคุณแม่ปลอบน้องได้บ้าง แต่พยายาม
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คุยยกับน้องให้น้อยที่สุดนะคะ”). After 1st 1 minute passed, an unfamiliar female enters 

the room and plays with toys on the shelf for 1 min, and then leaves. The child is 

left alone again for 3 minutes. When experimenter returns to the room, allow the 

child to play with the prohibited toys for 5 minutes. 

PTT Materials  

- A shelf with three very attractive toys (prohibited toys) 

- Plain wooden shapes 

- An unfamiliar female 

- 2 video cameras 

PTT Coding 

Child’s behavior was coded for each 60 5s segments, using six mutually 

exclusive codes ranging from highest level of internalization to lowest level of 

internalization (Harden, Duncan, Morrison, Panlilio, & Clyman, 2015; Kochanska, Coy, 

& Murray, 2001). 

- Give 6 points: Child engaged in sorting activity  

- Give 5 points: Child engaged in other activity  

- Give 4 points: Child looked at toys without touching 

- Give 3 points: Child began to touch the prohibited toys and stopped 

spontaneously, or touching for less than 2 s. 
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- Give 2 points: Child touched the forbidden toys in gently manner, did not 

remove them from the shelf, nor engage in dramatic play with them. 

- Give 1 point: Child played with the toys, removed from the shelf, or 

engaged in dramatic play with forbidden toys (Deviation). 

In case that the test could not be continued because the child refused by 

crying excessively, the lowest scores were given to the child for the left test items.  

Prohibited toy task Score Sheet 
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