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Abstract 

Early intervention programs aimed at preventing emotional behavioral disorders usually 

implement ‗best practices‘ interventions without regard to individual differences 

between children. Psychopathology theories such as Gray‘s motivational theory 

(Beauchaine, 2001; 2001b) and callous unemotional trait theory (Loney et al., 2003) 

have been supported by basic research showing links between individual differences in 

problem behavior and arousal and emotional reactivity measured via psychophysiology 

measures as well as rating scales (Eisenberg et al., 2001). However, no studies have 

directly examined the role that individual differences in multiple physiological systems 

play in moderating children‘s reponse to interventions in a school setting.  This study 

used in situ behavioral observation counts of disruptive behavior in a therapeutic 

preschool program as a dependent variable to examine the effects of a relaxation 

intervention and a social problem solving intervention in a cross-over design with N=32 

participants.  Prior to the start of interventions, the children were measured for heart rate 

variability (HRV) and heart rate (HR) during calm and emotionally charged videos.  

Salivary cortisol, a stress hormone, was measured at three time points during the study 

to examine basal stress levels.  Principal components analysis was used to combine the 

physiological measures with rating scales measuring internalizing, externalizing 

behavior traits, reactive and proactive aggression and anxiety. Linear Mixed Models 

regression was used to examine the effects of the generated factors on treatment 

response.  Results showed a significant treatment effect for the social problem solving 

intervention but no moderator effects.   
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Introduction 

 

Students who are typically developing (with no cognitive delays or disabilities) 

with behavior problems are served in schools under the Emotional Behavioral Disorders 

(EBD) category (called Severely Emotionally Disturbed [SED] in federal law).  

Although state criteria vary, the federal definition of EBD defines the category to 

include children whose behavior and emotions interfere with their academic 

performance (CFR, Title 34, Section 300.7(c)(4)(i+ii)).  Students are identified for EBD 

services by referrals from regular education teachers and are then evaluated by an 

assessment team consisting of the child‘s parents, classroom teacher, special education 

teachers and other school professionals.  Each state and school district set guidelines for 

the assessment teams based on the federal guidelines.  Assessment teams are allowed by 

law to override the guidelines and provide services to any student they feel would 

benefit from EBD services.  The service category primarily includes children who also 

carry psychiatric diagnoses under categories such as Conduct Disorders, Oppositional 

Defiant Disorder, ADHD and Anxiety disorders (Cassidy et al., 2001).  

Outcomes for students in EBD programs are bleak; over half of students in EBD 

programs drop out of school (Wagner, 1995).  Post school outcomes are also bleak, 

15% of students with EBD are incarcerated or in other residential facilities, over twice 

the rate of other students with disabilities, and for those not incarcerated, unemployment 

is high (Wagner, 1995).   Although students in EBD services comprise only about 1% 

of students (Wagner, 1995), the per pupil expenditures for students in EBD programs is 

almost $10,000 per student per year, over twice the per-pupil cost of students with 

Learning Disabilities, similar to the cost of educating students with severe 
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developmental disabilities (Parrish, in press).   Because of the difficulties working with 

this group of students, there is a chronic shortage of qualified EBD teachers.  Teachers 

in EBD programs were more likely to leave their jobs than in most other disability 

categories (Singer, 1993). There is also growing evidence that grouping students with 

behavior problems together for interventions may result in worse outcomes than if the 

students were with non-disordered peers (Dishion & McCord, 1999).   

In response to these problems, researchers have developed a tiered system of 

interventions that attempt to prevent behavior problems for the majority of students by 

delivering effective instruction and a using an universal contingency management 

program for all students and implementing supplemental individually tailored 

instructional and behavioral interventions for those students who do not respond to the 

universal ‗best practices‘ model (Walker et al., 1996).  Children who are non-

responders to these first tier interventions are typically assessed using functional 

behavioral assessments (Shapiro & Heick, 2004) which use single case experimental 

designs to determine the behavioral function of the problem behavior (i.e., escape from 

tasks, access to attention or play items (for review of applications in EBD populations 

see Cowick & Storey, 2000; original publication Iwata et al 1982/1994).)  

Individualized interventions are then matched to the function of the problem behaviors 

and the interventions are assessed using within-subject treatment withdrawals.   

While these approaches have led to effective interventions in many cases, it is 

difficult to predict which children will respond to which interventions.  Research and 

practice in special education has proceeded with very little influence from related fields 

such as child development, child psychology and psychiatry which may offer theory 
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and additional empirical guidance to improve special educational interventions.  In 

particular these fields could introduce a greater understanding of individual differences 

and how they may relate to treatment response.  Individual differences models could 

help link behavior to emotion and underlying biological systems (Ax 1964; Levine, in 

press.)  

The research presented here applies the framework of individual differences in 

emotional regulation to early intervention for groups of children at high risk of being 

identified with emotional behavior disorders.  This work may provide a first step toward 

improved prediction of intervention effectiveness based on individual characteristics.  It 

may also help target effective prevention strategies for young children.  The ultimate 

goal being to reduce the need for special education by targeting interventions to 

individual characteristics of children before they reach school age and before they have 

been identified for special education services.    
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Literature review 

 

Bringing research on emotion into the EBD research literature requires an 

understanding of the major conceptualizations of emotion and stress as well as their 

effects on physiology and psychology.  This review will comprehensively review the 

EBD research literature on emotion.  Then major theories that attempt to explain the 

relationship between emotions, behavior, and physiology will be reviewed.  Next, these 

theories will be discussed in reference to EBD and other Disruptive Behavior Disorders 

(DBD) which is an umbrella term that includes Conduct Disorders (CD), Oppositional 

Defiant Disorder (ODD) and externalizing behavior disorders.  Research relevant to 

internalizing disorders in students in EBD classrooms are briefly reviewed where 

possible.  

Next, psycho-physiological measures that index facets of emotion and stress will 

be reviewed and explained.  Laboratory paradigms designed to elicit emotion will be 

briefly reviewed, followed by a discussion of paper and pencil measures of emotion.  

Studies that have examined emotion in relation to treatment outcomes will be reviewed.  

Finally, the limitations of measures of psychophysiology and emotion will be discussed 

in the context of behavior analytic assessments and treatments currently used in EBD 

programming.  The literature outside of special education will not be exhaustively 

reviewed for these topics, but key studies, meta-analyses, and reviews will be cited and 

explained to give an overview of the research in each area.  

 Functional Assessment and Treatment. One approach to intervention that has 

shown promise with problem behaviors in other populations is treatment based on 
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functional behavioral assessment.  This involves within subject designs and 

programmed manipulation of common classroom contingencies (see Iwata et al., 1994). 

While behavioral interventions based on Functional Behavioral Analysis (FBA) have 

proven effectiveness in populations with developmental disabilities (Asmus et al., 

2001), there are few published studies that have applied the methodology to aggression 

and disruptive behaviors in children without developmental disabilities (for a review of 

exceptions see Cowick & Storey, 2000).  Although these studies have provided proof-

of-concept that the approach can be effective in this population, they do not allow for 

large scale implementation of this approach in EBD programs based on research.  

Despite the lack of large scale treatment studies using this methodology with children 

with EBD, a survey of school psychologists found that 73% of school psychologists had 

used a functional behavioral assessment on at least one of the last ten students they had 

evaluated for EBD services (Shapiro & Heick, 2004) and FBAs are required by law in 

cases where students in special education are suspended from school.  

Criticisms of FBA approach. Critics have singled out EBD programs for having 

an exclusive focus on behavior and not enough focus on emotion, commonly referred to 

as ‗the curriculum of control‘ (Knitzer & Steinberg, 1992). In response to these 

criticisms, EBD researchers have advocated expanding the FBA process to include 

evaluations of mental health and emotional constructs as variables that maintain 

problem behavior (Miller et al., 2004, Walker & Sprague, 1999), but these calls lack 

specific recommendations for measurement and have not made their way into practice. 

Less than 1% of functional assessment based treatments include measures of emotion in 

behavioral problems (Clarke et al., 2002). 



6  

 

Emotion in EBD literature 

Although the term emotion is prominent in the name EBD, it is absent from research 

and practice in the schools (Bowers, 2004).  To identify research in the special 

education literature on emotion in children in EBD programs, a search was conducted 

using the computerized index Education Resources Information Center (ERIC) from 

(1966-2005) for the search words ―emotion‖ or  ―stress‖ or ―arousal‖ appearing 

anywhere in the title, abstract or keywords of the flagship journals in EBD and special 

education: Exceptional Children, The Journal of Special Education, Behavioral 

Disorders  and  The Journal of Emotional and Behavioral Disorders.  The same search 

was also run on the Journal of Applied Behavior Analysis, Behavior Modification, 

Behavior Therapy, Journal of School Psychology, School Psychology Quarterly and 

School Psychology Review, and the resulting articles were examined for participation of 

students from EBD service programs.  Additional articles were found through searches 

in Medline, Psychinfo, Google Scholar and through cited articles.  The search yielded 

only 5 relevant citations which are reviewed below. It is likely that additional studies of 

emotion have used EBD programs to recruit study samples without explicitly 

identifying the sample as such.  Many of these articles have been published outside the 

special educational research literature, and do not appear to have impacted the field of 

special education.  

Mood.  Although only one study explicitly links the emotional mood of students 

with EBD to problem behavior, there are signs that measurement of emotion may 

improve our ability to work with students in EBD classrooms.  Weinberger and Gomes 
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(1995) found that daily ratings of morning mood in children in SED programs 

predicted teacher ratings of acting out later in the day.  Using self reports of daily mood 

from student journals, and teacher reports of disruptive and aggressive behavior, this 

study was able to show that emotion predicted problem behavior.  More specific 

measures of both emotion and behavior could be incorporated into future studies to link 

emotions and problem behavior that might suggest interventions based on this 

information.    

Treatments based on emotion. One study in the EBD literature specifically tested 

progressive muscle relaxation (PMR) in which children are instructed to tense and relax 

individual muscle groups to reduce arousal and stress (Lopata, 2003).  The authors 

expected that a reduction in stress would decrease aggression.  Classrooms in an 

elementary school day treatment program for children with EBD were randomized to 40 

minutes of daily relaxation therapy or 40 minutes of quiet reading time conducted by 

the classroom teacher for 4 weeks.  Daily frequency counts of aggression and the Child 

Behavior Checklist (CBCL, Achenbach, 1991) were completed by teachers for the week 

prior to intervention, the week following intervention and at follow-up, three weeks post 

intervention to measure aggression.  Before intervention, the treatment group was 

higher on both daily aggression reports and on CBCL.  PMR intervention reduced the 

level of aggression in the treatment group to the level of the control group.  Internal 

validity of the study is compromised because teachers were interventionists and the 

raters of behavior.  Group differences between the control and treatment group could 

have been due to differences in teacher ratings or behavior management problems in the 
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classrooms.  Despite these flaws, this study suggests relaxation therapy may be 

effective in treatment of aggressive behavior in EBD classrooms.   

Cognitive Behavioral Training intervention for anger. Robinson, Smith, & Miller, 

(2002) implemented a cognitive behavioral intervention to reduce anger in children with 

EBD.  Students in classrooms at a separate day school and two EBD programs in 

general education schools were randomized at the classroom level to a 10 week 

treatment (50 minute lessons totaling of 750 minutes) or the control group.  The 

treatment included instruction in anger management, effective communication, 

relaxation techniques and role playing with performance feedback from teachers. 

Teachers rated the students on the CBCL and students self rated their anger using the 

State Trait Anger Expression Inventory (STAXI) pre-intervention, post intervention and 

at 4 week follow up.  Significant differences were found between pre- and post- test 

measures on several subscales of the STAXI and on the aggression subscale of the 

CBCL.  At the follow up measure, significant differences remained on the Anger 

control subscale of the STAXI but not on the CBCL subscales.  This study suggests 

possible effects of the anger control intervention, but like Lopata (2003), the internal 

validity is compromised by having treatment participants rate behavior for the 

dependent variable. Despite these limitations, this article suggests CBT interventions 

that address emotion could be effective in EBD classrooms.   

Relaxation training combined with behavioral intervention.  Jones, Swearer and 

Friman (1997) reported a single case of a 15-year-old boy in a residential treatment 

program for children with behavior disorders for whom self injurious lip biting was 

eliminated using an abbreviated habit reversal treatment.  Habit reversal is a behavioral 
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treatment strategy that trains a less intrusive replacement behavior that is similar to the 

the habit behavior while reinforcing reductions in the habit behavior (see Miltenberger, 

Fuqua, & Woods, 1998 for review).  In this case, habit reversal was combined with 

relaxation breathing and muscle relaxation techniques.  Lip biting was measured by 

counting the number of blood spots on handkerchiefs the boy was instructed to use to 

dab the blood following an episode of lip biting.  Results showed the treatment 

eliminated blood spots within 2 days of treatment.  Spots reemerged after one day of 

treatment withdrawal and treatment was then reinstated.  Follow up showed that lip 

biting had been eliminated and the boy‘s mouth healed.  This study is limited by the 

dependent measure being self recorded and the relaxation component was not tested 

separately from the habit reversal treatment.  This article provides an example of stress 

interventions incorporated within the context of behavioral interventions using single 

case experimental design.   

Measurement of psychophysiology related to emotion and arousal.  Harden et al., 

(1995) used psychophysiological measures to characterize the stress responses of boys 

from local Catholic schools who met Social Behavior Questionnaire (SBQ) rating scale 

cut offs for Anxious Disruptive (ADIS) or Non-Anxious Disruptive (DIS).  These two 

groups of disruptive boys were compared to a control group of non-disruptive boys. 

SBQ subscales were used as the dependent variable of the boy‘s rates of aggression.  

The authors used a mental arithmetic task with rewards for correct responses and 

response cost (loss of money) for incorrect responses.  Electro Dermal Responding 

(EDA), heart rate (HR) changes and forearm muscle tension (EMG) were measured 

during the reward and response cost phases of the task. The ADIS boys were more 
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reactive than both comparison groups in all of the psychophysiological measures. DIS 

boys were similar to controls in all measures.  The authors theorized that increased 

sensitivity to reward explains the increase in heart rate for the anxious disruptive boys.  

Although this article did not recruit participants from EBD classrooms, it was published 

in Journal of Emotional and Behavioral Disorders.  The authors suggest that future 

research may assist in individualizing intervention programs to fit the reactivity profiles 

of students with anxious and disruptive behavior.  No later research in the EBD 

literature has replicated or extended this paper nor has it been cited in the EBD research 

literature. 

Confusion over definitions of emotion in EBD literature 

In addition to the research studies examined above, mentions of emotion and its 

role in EBD classification occur in the EBD research literature. Katisyannis and Maag 

(2001), Theodore (2004) and others have used the terms Socially Maladjusted (SM) to 

refer to students with externalizing disorders and Emotionally Disordered (ED) for 

those with internalizing disorders.  They claim that EBD interventions are ineffective 

for students with SM because they believe externalizing disorders do not involve 

emotion.  Externalizing disorders are not thought in the wider literature to reflect the 

absence of emotion, but rather an excess of the emotion anger (Oatley & Jenkins, 1992).  

The definition of SM proposed by Kaytisyannis and Maag and others in special 

education may be much more closely related to the concept of psychopathic personality.  

Psychopathic personality traits are thought to consist of antisocial behavior free of 

emotional regulation and are believed to include underarousal and a lack of 

conditioning to aversive stimuli (Lykken, 1957; Mednick, 1977).  Confusion of 
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terminology in this case has implications for treatment depending whether students are 

thought to show an excess of anger or whether they are thought to be unemotional and 

sensation seeking. 

Summary 

The role of emotion in EBD interventions is suggested by initial research that 

correlates mood with later disruptive behavior, suggestions of effectiveness of emotion 

based interventions in EBD populations and a demonstration of similarities in 

psychophysiological measures to other disordered populations.  However, there is only 

a small research base on emotion in the professional and academic special education 

literature. 

Study of emotion in related disciplines 

Brief Background on Emotion. Confusion over the role of emotion is not limited 

to special education journals; emotion has many definitions in the psychology literature.   

The definitions and conceptualizations of emotion also differ in considering emotion as 

being synonymous with physiological arousal that then becomes attributed to various 

emotional labels or whether the mental state of emotion itself causes the physiological 

response.  Some authors have defined emotion as generalized physiological or 

psychological arousal combined with a label attributing the arousal to a specific 

emotion (Schachter & Singer, 1962) while others such as Rolls (1999) describe 

emotions as states elicited by rewards or punishments or changes in these rewards or 

punishments.   

The function of emotion is also an area of ongoing debate dating back to Darwin 

and James (Oatley, 1992).  Emotions may function to make the actions of others more 
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predictable because we are able to anticipate what others will do based on emotion 

they display (Darwin, 1872; Plutchik, 1980).  Theorists following Darwin‘s lead tend to 

explain emotion as a motivator of adaptive behavior (Rolls, 1999), or explain emotion 

itself as an adaptive behavior (Plutchik, 1980), while those that follow James emphasize 

a cognitive function of emotion as a way to increase memory (LeDoux, 1995). 

Type and number of emotions. In addition to differences in definition and 

functions of emotion, the list of distinct emotions is not agreed upon.  In some 

literatures, emotion is considered to comprise eight to ten primary emotions (Lang, 

Bradley & Cuthbert 1998; Lazarus, 1991) including (fear, anxiety, anger, frustration, 

love, joy, guilt, contentment). Rolls and other authors from a learning theory 

perspective posit only two emotions, approach and withdrawal which combine with 

physiological arousal to create the varying states people describe as different emotions 

(Rolls, 1999).  Stress is sometimes considered an emotion and other times considered 

another process involving an organism‘s ability to adapt to a changing environment 

(McEwen & Seeman, 1999).  Some researchers would consider stress as an emotional 

reaction while others would consider stress a cause of other emotions such as frustration 

or anxiety (Oately & Jenkins, 1990).   

State vs. Trait emotion. Some authors distinguish between emotion, a reaction to 

environmental stimuli and mood which persist despite environmental stimuli (Fridja, 

1986).  This typology is captured in the state/trait conceptualization in which 

temperaments are thought of as trait emotions while transient emotional experiences are 

thought of as emotional states (Frick, 2004).  These different conceptualizations of the 
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relative importance of state and trait aspects of emotion are reflected in methodological 

variations in psychophysiological measures.  

Animal Models of emotion. Animal models of emotion and stress have been 

studied in relation to the role of stress reactivity within social hierarchies in monkeys 

(reviewed in McEwen & Seeman, 2000), the stress caused by maternal separation in 

many species of nonhuman animals (Mar Sanchez, Ladd, & Plotsky, 2001) and the 

influence of fear and startle on memory and contingency learning in rats (Gray, 1973; 

LeDoux, 1995).  These models have provided a basis for learning and cognitive theories 

of emotion and stress reactivity.  These studies have allowed researchers to control the 

animal‘s rearing history and use stressors that would be unethical in human subjects.  

Animal models have also allowed researchers to trace the brain regions and neural 

pathways involved in stress and emotion using lesion studies in which areas of the brain 

or specific neural pathways are destroyed in living animals.  Creating stressors that have 

direct parallels to applied human problems is a challenge in animal research, one 

example of a study that bridges this gap is the work of Brunson et al (2005) in which 

experimental rats were given too little bedding material instead of complete maternal 

separation which has more direct parallels to impoverished human rearing conditions 

and the effects of the stress was measured in offspring.  In primate research, studies 

conducted with intact social groups with a known dominance structure may be more 

easily compared to human research than those conducted in traditional animal rearing 

facilities. 

Psychophysiological measurement of emotion. Physiological measures have 

been created in part expressly for the study of emotion. The field of psychophysiology 
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arose from an understanding that neither psychology nor physiology provides a 

complete account of emotional states (Ax, 1964).  The use of psychophysiological 

measures to index emotion and stress has yielded an extensive literature base (Levine, 

2004; Cacciopo et al., 1999).   

Overview of measures reviewed 

Any of the psychophysiological measures reviewed here can be measured either 

in a resting or baseline state or in response to stimuli or environmental events.  Each 

measure reflects nervous system functioning and is hypothesized to reflect various 

psychological processes.  Of interest in this review are measures that are minimally 

intrusive, could be collected in school settings, and that may reflect autonomic 

functioning related to stress, arousal or emotional activation. Psychophysiological 

measures that meet all these criteria must also have an extant literature base in normally 

developing children and children with DBD.  Following the recommendations of Bauer 

et al (2002), it is unlikely that a single measure will allow researchers to identify the 

correlates of emotional responding, so ideally researchers would collect concurrent data 

on multiple autonomic systems.  Measures that currently meet the above criteria include 

Heart Rate (HR), Skin Conductance (SC) and Salivary Cortisol.  There are many 

promising measures that may explain variance in outcomes or predict treatment 

response that do not fit the scope of this paper because they are insufficiently 

developed.  An example of such a measure is the examination of MAO-A genetic 

anomalies and the relationship to conduct problems, while clearly an important 

predictor of DBD, research to date has required large samples and the literature base is 

presently limited to few studies (Rutter & Silberg, 2002; Foley et al., 2004). Measures 
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included here were selected by virtue of being well replicated in children and adults 

with DBD and those that could be obtained using ambulatory equipment. 

Cardiac measures 

Heart rate (HR) is controlled by the autonomic nervous system which is divided 

into the sympathetic nervous system (SNS) which accelerates the heart and the 

parasympathetic nervous system (PNS) which slows the heart.  These relationships have 

been empirically demonstrated using pharmacological blockade studies and in animal 

models (Brownley, Hurwitz & Schneiderman, 2000).   PNS control of the heart is 

primarily through the Vagus nerve (Porges, 1995) which acts as a constant brake against 

the heart‘s pacemaker.  Increases in HR can be accomplished through either reducing 

the PNS braking action through the vagus nerve or by increasing SNS activation 

(Porges, 1995).  

Average HR. Average heart rate can be measured in beats per minute by 

manually counting pulse beats per minute or with wireless chest straps for ambulatory 

measurement.  Resting or baseline HR has been widely studied as a correlate of 

psychopathic personality traits (discussed later in this review).  Reactive HR, usually 

defined as the change in HR in beats per minute from baseline to following stimulus 

presentation, has been shown to increase in response to rewards in humans and rats 

(Fowles, Fisher & Tranel, 1982).  Reactive HR has also been correlated with arousal or 

reactivity to a variety of stressful stimuli (Brownley et al., 2000).   

Although HR measurement is simple, HR expressed in beats per minute is an 

average of heart rate across the interval of measurement.  Because of this, average HR 

has the same statistical characteristics of other average measures including obscuring 
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underlying variability, need for sufficient sample to be representative, and being 

strongly influenced by outlier values.  Despite these shortcomings, HR offers a way to 

quantify stress and responsiveness to reward, is inexpensive to collect and has been 

widely used with children and adults allowing comparison to a wide body of previous 

research. 

HR Variability Measures. Heart Rate Variability (HRV) measures are derived 

by recording the time between consecutive contractions of the heart (usually expressed 

in milliseconds) known as Inter-Beat Intervals (IBI) or R-R Intervals.  HRV data can be 

collected using stationary lab equipment with Electro Cardiogram (ECG) equipment or 

ambulatory recording methods using wireless chest straps. HRV data retains the 

variability in heart rate that is lost using average HR measures (Task Force 1996).  

Several measures of variation in HRV are used on untransformed IBI data to examine 

the influence of the PNS on HR including the standard deviation of the interbeat 

intervals, Mean Successive Differences, proportional representation of the number of 

consecutive beat differences exceeding 50 miliseconds, among others.  These methods 

isolate some of the influence of the PNS from other variability, but are contaminated 

with variability from breathing and SNS activity.  

HRV has been used to index baseline variability in HR as well as momentary 

variations in response to the onset of stimuli to quantify reactivity and emotional 

responsiveness to stimuli (Berntson et al., 1997).  As an index of total variability, HRV 

has been conceptualized as a trait variable that is related to psychiatric diagnoses 

including depression and anxiety disorders (Berntson & Cacciopo, 2004).  Changes in 

HRV in response to stimuli have been used as indexes of attention or mental effort. 
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Others have found that HR accelerations or decelerations are correlated with the 

emotional valence of stimuli (Lang et al., 1998).   

Estimates of Vagal activity derived from HRV.  HRV can be mathematically 

decomposed into components to estimate the activity of the PNS.  The basic concept 

behind this separation would be analogous to counting the breaking of waves on a 

beach.  Waves that break close together would be counted into the high frequency 

category while those that broke more slowly would be considered low frequency.  

Because both waves and heart beats are auto-correlated (those that occur close together 

are likely to be similar), data transformation (Fast Fourier transformation) or auto-

regression is used to remove trends in the data before counting the frequencies. The use 

of High Frequency (HF) components of spectral analyses to index activity of the PNS is 

well supported by physiological blockade and animal studies (Task Force, 1996; 

Berntson et al., 1997).  To obtain stable estimates, at least 1 minute of data is needed for 

HF estimation while 2 minutes are needed for Low Frequency (LF) variability 

(Berntson et al., 1997; Task Force, 1996). The LF variation includes both SNS 

components as well as PNS components.  While acknowledging the contamination of 

the LF variability by non SNS variability, some authors have used the proportion of 

LF/HF activity in normalized units to describe the balance between sympathetic and 

parasympathetic activity.  This approach is still controversial within psychophysiology 

because the results of physiological studies have been mixed (Berntson et al., 1997).  

Pre Ejection Period (PEP) is considered a relatively pure measure of SNS influences on 

HR but requires impedance cardiography equipment (Beauchaine, 2001). 
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The major component of HF variability in HR is Respiratory Sinus Arrhythmia 

(RSA).  RSA is an adaptive slowing of HR in response to exhalation through the 

influence of the vagus nerve.  This is considered a phylogenetically adaptive response 

which allows the organism to conserve energy by delaying heart contraction until the 

blood is fully oxygenated (Porges, 1995).  Connections between RSA or vagal activity 

and emotion are based on anatomical evidence connecting the vagus nerve with 

affective areas of the brain (nucleus ambiguus) that also connect to the larynx and facial 

muscles used for emotional expression (Porges, 1995).  The psychological evidence 

linking vagal activity to emotion is based on a few studies that are reviewed below. 

As a baseline measure, links have been made between a lack of RSA and poor 

emotional regulation (Beauchaine, 2001).  The baseline activity of the vagus nerve is 

estimated through calculation of RSA, and as a baseline measure, the presence or 

absence of RSA is known as vagal tone.   Theoretically, children and adults with 

attenuated vagal tone are forced to activate a Fight/Flight response because they lack 

adaptive vagal control of HR (Porges, 1995).  It is important to note that RSA 

estimation while highly correlated with vagal activity in many studies is not a direct 

measure of nerve activity and in situations of unusually high respiration rates, may not 

correlate well with vagal activity (Berntson et al., 1997).  Possibly due to these 

complications, Berntson et al (1997) found a lack of replication of HRV as a trait 

variable and recommend that HRV be compared within subject in response to stimuli 

instead of a between subjects trait variable.  These problems notwithstanding, several 

studies have found high baseline RSA to be correlated with emotionally skilled and 

emotionally sympathetic traits in boys (see Beauchaine 2001, for review).  However, 
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these relationships have not held for girls.  Low vagal tone has also been correlated 

with antisocial behavior, hostility, depression and panic disorders (see Beauchaine, 

2001 for review). 

RSA has also been measured in reaction to stimuli (Beauchaine, 2001). Reactive 

RSA measures may index attention and orienting to stimuli.  Release of the vagal 

‗brake‘ is conceptualized as a more adaptive method to increase HR than activation of 

the SNS (Porges, 1995).  In mammals with a well organized PNS/SNS it would be 

expected that a threatening stimulus would cause decrease in vagal tone (an orienting 

response) increasing attention to the threat, followed by complete absence of vagal tone 

and large increases in SNS activation to mobilize a fight/flight response.  If the stimulus 

is not threatening, the adaptive response would be a temporary decrease in vagal tone as 

an orienting response, followed by a return of vagal control for sustained attention to 

the stimulus.  A few studies have shown the reduction in RSA corresponding to 

increased attention and accelerations in HR immediately following the introduction of a 

stimulus in children and adolescents.  These studies have used either identification of 

specific auditory tones or academic tasks as stimuli to recruit attention (reviewed in 

Beauchaine, 2001).   

Several studies have examined the relationship between emotionality and HRV 

or RSA (see Alkon et al., 2003).  A multi-site (homes, daycare center, laboratory) study 

of emotional reactivity in children ages 3-8 (Alkon et al., 2003) was conducted with a 

total sample of 274.  The study population consisted of 171 preschool age children.  The 

researchers used a variety of stimuli and situations to evoke stress and emotional 

responses including interviews, videos portraying fearful situations, and tasting lemon 
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juice.  The authors found statistically significant differences between resting and 

reactive HRV for video stimuli, differences in resting HR across the age range of the 

proposed study but no differences in reactive RSA by age and no gender effects in 

cardiac measures.  The results of the study showed that cardiac measures did not differ 

significantly by site of testing for the video viewing task between those collected in the 

laboratory and those collected in the child care center.  The study also showed strong 

test/re-test reliability of physiological scores (Pearson‘s r between .3-.4) for a subset 

(N=11) of children suggesting that the tasks in the protocol may tap stable individual 

differences.   

A previous study (Boyce et al., 2001) using the same protocols conducted with 

122 children ages 6-7 connected physiological reactivity with externalizing and 

internalizing behavior disorders.  This study found that children with internalizing 

behavior disorders showed significantly higher RSA reactivity (the difference between 

RSA during neutral video watching or story reading and emotionally evocative videos) 

than controls or those with externalizing disorders.  The effect size for mean response 

across all the challenge protocols to discriminate children with internalizing behavior 

problems from children without psychopathological symptoms was -.75; for the 

difference scores between challenge phases of the protocol and the preceding neutral 

phase the difference between the groups of children was an effect size of -.15.  These 

studies suggest that reactive RSA can be measured reliably in the age range of the 

proposed study and that RSA is correlated with ratings scales of internalizing behavior 

disorders which may indicate stable individual differences in emotional reactivity.   
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Cardiac measures summary. Cardiac measures allow measurement of stress 

responsivity and general autonomic arousal through baseline and reactive measures of 

HR.  Baseline measures of HRV allow estimation of regulation of the autonomic system 

and can be separated into measures which allow researchers to examine PNS 

functioning.  PNS functioning can be specifically examined in terms of vagal activity, 

both as a baseline level and reactivity.  The connections between cardiac reactivity and 

emotion are based on few studies and on physiological evidence of structural 

connections to brain areas involved in emotion.  There is evidence that several HR 

indexes may differentiate children and adults with psychological disorders but these 

relationships may change throughout the development period, and may be obscured by 

comorbidity with other disorders (Beauchaine, 2001). 

 

 

Skin Conductance 

Skin conductance (SC) measures the activity of eccrine sweat glands on the 

palms of the hands, fingers or bottoms of the feet.  Electrical current is passed through 

the skin and changes in level are detected and recorded. Electrode paste is used to 

assure uniform contact with the skin and standardized preparations of this paste are used 

between studies to assure comparable results (Dawson, Schell & Filion, 2000). SC 

measures are usually collected using stationary equipment which requires the 

participant to avoid excessive movement but a few ambulatory systems have been 

developed.  The time lag from perception of a stimulus to detectable changes in skin 

conductance is usually 1 to 3 seconds (Dawson et al., 2000). 
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Skin conductance may be measured in terms of overall level of conductivity, 

the number of fluctuations in levels of conductivity, and decay time to return to basal 

levels (Fowles, 1980).  It has been measured in response to discrete stimuli, known as 

Skin Conductance Response (SCR) or Galvanic Skin Response (GSR).  When measured 

in terms of amplitude it is called Skin Conductance Level (SCL) or Electro Dermal 

Levels (EDL).  Another commonly used measure of skin conductance is the number of 

fluctuations beyond an arbitrary cut off, known as Electro Dermal Activity (EDA) or 

Skin Conductance Activity (SCA).  

 Each of these measures has been collected during baseline functioning, and in 

response to emotionally charged stimuli.  As baseline occurrences, SCR‘s are 

considered non specific if they do not occur during the presentation of a targeted 

stimulus and are usually caused by body movements, deep breaths or sighs.  Specific 

SCR‘s are considered to be components of the orienting response if they occur to non 

aversive stimuli and as an index of sympathetic activation when activated in response to 

aversive stimuli (Dawson et al., 2000). 

SC is considered a pure measure of sympathetic nervous system activity 

(Fowles, 1993).  The physiology linking the SNS and EDA are hypothesized to pass 

through the hypothalamus and the limbic system including the amygdala and the 

hippocampus however there are also connections to cortical structures (Dawson et al., 

2000).    These links are complex and suggest a wide range of possible correlates of SC. 

Research has shown that SCR are elicited by almost any novel stimulus (Siddle, 1991).  

Because this response is generally seen to novel stimuli of any type, the habituation of 
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the SC response to repeated presentations of the same stimuli is used as a method of 

measuring conditionability (Dawson et al., 2000). 

Fowles has incorporated the measurement of SC into the study of the Behavioral 

Inhibition System/Behavioral Activation System (BIS/BAS reviewed below) system as 

a measure of motivation and functioning of the BIS system (Fowles, 1980). Fowles 

reviewed evidence showing higher rates of non specific EDRs during unavoidable 

punishment and increases in EDL in response to words and signal stimuli associated 

with aversive stimuli (snakes and spiders in phobic individuals, jumping in parachutists 

about to take their first jump).  

Summary of SC research. SC measures activity of the SNS and may provide an 

index of activity of the BIS system during operant or classical conditioning trials.  The 

activation of SC responses to almost any novel stimulus has made them useful in 

classical conditioning experiments as an index of reactivity and habituation to stimuli. 

SC responses are measured in terms of level, fluctuations in reaction to stimuli and as 

the number of non-specific fluctuations.  

Cortisol 

Cortisol, often measured as a marker of activation of an emotional or stress 

response system, is a hormone that has effects throughout the body mediated through 

the the central nervous system (CNS) system.  It is known to increase memory, reduce 

immunity and allow increased mobilization of energy stores to provide short term 

benefits to respond to stressors (Sapolsky, Romero & Munck, 2000).  Cortisol levels are 

used as a measure of the activation of the Hypothalamic-Pituitary-Adrenal Axis (HPA) 

which responds to stress and has regulatory functions for sleep and waking rhythms. 
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Cortisol is usually measured in children and adolescents in saliva which is 

collected in tubes or on cotton batting and stored for later assay (Gunnar & Vasquez, in 

press).  Cortisol may be measured as basal levels, reactivity to stimuli (at latencies of 

approximately 20 minutes) and as trends in diurnal rhythms.  Compared to HR and SC, 

cortisol elevates slowly and stays activated for longer periods of time.  Cortisol poses 

challenges in measurement different from those in HR and SC.  To estimate the daily 

rhythm, samples must be taken, ideally, at least 4 times a day at set times in relation to 

sleep and waking (Gunnar & Vazquez, 2001).  Measurement of cortisol in reaction to 

stressors is complicated by individual differences in the timing of the response.  Cortisol 

has also been shown to vary throughout the life cycle in normally developing children 

(Gunnar et al., 1997).  Cortisol also varies between males and females and among 

females in relation to phases of the menstrual cycle (Kirschbaum et al., 1999). 

McEwen and others have introduced the concept of allostasis, or an organism 

maintaining physiological balance in spite of changing environmental stressors.  

Chronically high levels of activation of the stress response system due to individual 

reactivity or exposure to a stressful environment may lead to high levels of allostatic 

load which lead to stress related diseases (McEwen & Seeman, 1999).  High allostatic 

load may also result in hypocortisolism or a shutting down of the cortisol response 

which has been seen in both reactive and baseline studies of cortisol (Gunnar & 

Vazquez, 2001).  Adam (in prep) has shown variation in cortisol with mood in typically 

developing adolescents in which lower cortisol levels were associated with worry, 

stress, anger and frustration via self report.     
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While commonly associated with stress, cortisol has effects beyond stress 

regulation, many of which are beneficial (Levine, 2005).  Cortisol and synthetic forms 

of cortisol have been found to be reinforcing for animals and humans (see Erickson, 

Drevets & Schulkin, 2003).  Cortisol is associated with improved memory for location 

of reward in humans (Stansbury, Haley & Koeneker, 2000) and animals (DeKloet, Oitzl 

& Joels, 1999). It has also been shown to increase memory for emotionally valenced 

words (Buchanan & Lavallo, 2001).  Other research has shown that bold and energetic 

children have higher levels of cortisol at the beginning of the school year than inhibited 

children (Bruce, Davis & Gunnar, 2002).   Many effects of cortisol follow an ‗inverted 

U shaped‘ dose response curve where excessively low and excessively high levels of 

cortisol have detrimental effects on memory and other systems (DeKloet et al., 1999).   

Cortisol Summary. Cortisol is measured as baseline levels, daily variation, and 

in response to laboratory and naturally occurring stressors.  At moderate levels, cortisol 

is beneficial to memory, attention, and other physical processes.  Constant elevations or 

chronic under-activation of cortisol may result in increased susceptibility to disease and 

reduced cognitive functioning. The differential effect of cortisol at varying doses, the 

possibility of finding either elevated or suppressed cortisol in response to extremely 

stressful conditions and differences in cortisol throughout the life cycle and between 

males and females are challenges for researchers attempting to relate cortisol to DBD. 

Despite these challenges, the measurement of cortisol in saliva allows researchers to 

examine the activity of the HPA which is central in reaction to physical and social 

stressors. 

Summary of psychophysiology measures 
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Measurement of cortisol, SC and HR are not unitary measures and do not easily 

translate into rating scale items or emotional constructs.  Each of these measures can be 

used to measure baseline or reactivity to stimuli.  All have extensive literature bases and 

are relatively easily collected in classrooms.  However, none of these measures is easily 

summarized as representing a single construct of behavior.  All are part of complex 

biological systems and have been pressed into service as measures of psychological 

functioning or reactivity.  Cardiac measures reflect the activity of the circulatory 

system, cortisol is both the measured substance and a participant in a wide range of 

body processes.  SC is somewhat unique in that a functional explanation has not yet 

been developed for the eccrine sweat gland as it appears to play an insignificant role in 

the regulation of body temperature (Dawson et al., 2000), but the activity of nearby 

sweat glands may still effect SC measurement.  Evolutionary development of the 

systems measured in psychophysiology occurred long before psychologists began using 

these systems as measures of emotional activation, so it is to be expected that many 

measures are easily contaminated by normal bodily processes including movement, 

respiration and temperature fluctuations.  

Limitations of psychophysiological measures for treatment research. Either 

excessive specificity or excessive generality can render psychophysiological measures 

unusable in testing hypotheses related to problem behaviors.  Measures with too much 

specificity will not show responses in the heterogeneous populations in EBD 

classrooms or will not show responses that can be correlated with problem behaviors.  

Those that show too much generality will be evoked in all situations and would be more 

applicable in preventative screening than in choosing treatment components.   
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In many cases, a single measure of either PNS or ANS functioning is used and 

the behavior of the other system is inferred from an absence of activation of the 

measured system (e.g., Polyvagal theory).  This ignores the fact that PNS and SNS 

activity can occur independently; SNS activation does not automatically imply PNS 

deactivation and vice versa.  This limits the inferences which can be made when 

measuring only one side of the system as with HRV measures, which argues for 

measurement of more than one system. 

Aggression and other problem behaviors may involve complex associations 

between both operant and associative learning situations and the stimuli that evoke 

these behaviors are not always discrete. Timing of delivery of stimuli does not always 

allow sufficient time for stable patterns to be discerned from physiological data and the 

motor movement associated with DBD may cause measurement error in 

psychophysiogical measures (e.g., physical movement and increased sweating during 

tantrums for EDA measures, changes in respiration and increases in metabolic demands 

due to tantrums for HR measures, daily cyclical variations in cortisol).    

Theories of emotion applied to DBD and internalizing behavior problems 

Theories of emotion in DBD tend to follow theories in the larger literature on 

emotion.  However, in many cases the development of theory has far outpaced the 

research literature testing the theory in DBD. The majority of the work examined here is 

concerned with externalizing disorders or DBD because the majority of students in EBD 

classrooms fit into this category.  Research relevant to internalizing disorders will be 

noted where relevant. 

Hypo arousal/sensation seeking 
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One theory of DBD from psychopathology proposes that disruptive behavior 

could arise from chronic under-arousal or hypo-reactivity. These theories propose that a 

lack of arousal impairs learning of punishment contingencies through a lack of learned 

fear of the consequences of aggression and rule breaking behavior (Lykken, 1957).  

Alternatively, low levels of arousal could result in individuals seeking a more aroused 

state by engaging in risky or disruptive behavior (Zuckerman, 1990).  Emotionality and 

arousal have been shown in previous research to be related to the etiology and outcomes 

for delinquency (Raine, 1996) conduct problems (Scarpa & Raine, 1997), alcoholism 

(Taylor et al., 1999), and other externalizing disorders (see Patrick et al., 2006 for 

review).  There is also research to suggest that these constructs may influence response 

to psychosocial interventions (Van de Weil et al., 2004) and to reinforcement programs 

(Beauchaine et al., 2000).  It is presently unknown how these individual differences 

might relate to educational interventions.   

Impaired conditioning to aversive stimuli has been well replicated in adults (see 

Fowles, 2000 for review) but has not been adequately tested in children with DBDs.  

One partial test of the hypothesis was done by Raine, Venables, and Williams (1996).  

The authors recruited participants who had serious criminal offenses at age 15 and 

tested them for SCR habituation responses to aversive tones and conditioning to tones 

associated with reinforcement.  Participants who had desisted from crime were found to 

condition faster to the tones that signaled reinforcement and showed faster dissipation 

of the SCR response.  The results suggest that faster conditioning to reward stimuli may 

be associated with adolescent limited criminal behavior. The study did not support the 
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theory that criminal groups have reduced sensitivity to punishing stimuli because all 

groups were equal in reactivity to startle stimuli.   

Direct tests of the reduced arousal hypothesis include Herpertz et al (2003), who 

tested startle and attentional responses to tones in children (age 8-13) with Attention 

Deficit Hyperactivity Disorders (ADHD), CD and Combined ADHD+CD and controls 

and found faster habituation and lower overall autonomic activity in the CD and 

combined ADHD+CD groups compared to all other groups which supports the reduced 

arousal and faster fear habituation hypothesis of DBD.  The same research group tested 

CD, ADHD+CD and controls on psychophysiological responses to a standardized array 

of emotionally evocative pictures (IAPS Lang et al., 1998) and found that although 

children in the CD groups rated the pictures as less intense, there was an 

undifferentiated lowered SCR response in the CD group to all stimuli, regardless of 

emotional content (Herpertz et al., 2005). These findings were also seen in work by 

Zahn and Kruesi (1993) who evaluated conditioning to startle tones in boys with 

general disruptive behavior disorders and normal controls.  These authors found that 

disruptive boys habituated more quickly to signal tones than did the controls, which 

refutes the slower conditioning hypothesis.  Taken together, these studies would suggest 

that children with CD are less reactive to all stimuli than their peers, condition more 

quickly to startle stimuli and they are unaffected by emotional content of the stimuli.   

A further test of the lowered trait responsitivity hypothesis is found in a 

longitudinal study of delinquent boys by (Gatzke-Kopp et al., 2002).  The study used 

cumulative counts of criminal acts to quantify delinquency and a rating scale to quantify 

the boy‘s levels of sensation seeking. The authors controlled for state anxiety at the time 
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of SCR testing by having the participants rate their current anxiety state which was 

included as a covariate.  Tasks included social stressors and arithmetic tasks. Findings 

supported a lower level of arousal in the delinquent children but did not find that high 

levels of sensation seeking accounted for this difference. 

A meta-analysis (Scarpa & Raine, 1996) examined reviewed published articles 

on skin conductance responses to classical conditioning to aversive stimuli in criminals 

and children and adults with conduct disorder and found all six studies since 1978 

showed significant results with lower SC responsiveness to signaled aversive stimuli 

among these populations.  

Several studies have used resting HR (HR measured during affectively neutral 

rest periods) as a measure of arousal or stress response in classroom settings.  In one 

such study, Maliphant et. al. (2003) measured resting HR in school settings from 151 

regular education students ages 7-9.  Students were classified as either disruptive or 

non-disruptive by teacher nomination and the researchers compared resting HR between 

the disruptive and non-disruptive groups.  The researchers found that resting heart rate 

was significantly lower in children rated as disruptive.  This suggests that lower resting 

HR may be reliably associated with disruptive behaviors in school settings. 

In the psychology literature, the link between conduct problems and low resting 

HR has also been confirmed by meta-analysis.  Lorber (2004) found that resting HR 

was associated with conduct problems and aggression in children and adolescents but 

effect sizes were small (.19-.29) and examination of the studies by age range or stimuli 

valence revealed contrasting patterns of results.  A second meta-analysis by Ortiz and 

Raine (2004) reviewed baseline and reactive HR during a stressor as a predictor of 
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antisocial behavior (including court records of delinquency, diagnostic categories 

which include anti-social behavior traits, and parent and teacher report of conduct 

problems) and found effect sizes of d=-.44 for resting heart rate and d=-.76 in reaction 

to stressors.  Ortiz and Raine (2004) tested age, gender, sample source (clinical or 

community sample) and method of recording as moderators of the HR antisocial 

behavior relationship and none of the tested moderators were found to be significant.  

The combined N of the studies evaluated by Ortiz and Raine (2004) was over five 

thousand participants.  Although both the Lorber and Ortiz and Raine meta-analyses 

suggest that there is a relationship between low resting HR and conduct problems, more 

research is needed into the settings in which HR is measured and whether the 

relationship between disruptive/aggressive behaviors change over the life course.  

Further specification of the specific types of problem behaviors that are associated with 

lower resting HR is also needed.   

Kibler, Proser and Ma (2004) published another meta analysis on HRV and 

reactive HR in relation to conduct problems and found HR reactivity and RSA were 

moderately (d=-.58, -.34 respectively) related to conduct problems, but HRV showed a 

small effect size (-.29).  Each category contained only three studies, so again the effects 

appear to be fragile and could be overturned by a handful of additional studies (Kibler, 

Proser & Ma, 2004).  

Other studies have employed cortisol as a measure of arousal to determine 

whether children with DBD are underaroused compared to peers.  Loney et. al. (2005) 

used the term Callous Unemotional (CU) to describe children who do not react to 

emotional stimuli. These authors studied 108 adolescents without a diagnosed DBD but 
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who scored highly on a rating scale of CU traits.  They found a significant association 

between low basal cortisol and CU traits for boys but not for girls.  Van Goozen et. al. 

(2000) found that children with DBD showed lower baseline HR and SCL while 

cortisol was the same between groups at baseline.  In reaction to a stressful task, 

children with DBD showed lower cortisol reactivity than peers.  Oosterlaan et al (2005) 

sampled salivary cortisol in 25 children ages 6 to 12 with varying levels of conduct 

problems and found that teacher reports of conduct problems explained 38% of the 

variance in cortisol levels, with high symptom reports predicting low cortisol levels.    

Overall, these studies and meta-analyses have provided some support to the 

hypothesis of trait differences between between children with DBD and their typical 

peers in baseline and reactive emotional measures.  The varying results of these studies 

and meta analyses should alert researchers to attend carefully to the importance of 

measurement of delinquency or disruptive behaviors, and the choice of tasks in reactive 

measures. 

Learning theory model. Other theories of disruptive behavior disorders are based 

on an operant or respondent motivational model of emotion.  Some of these theories 

predict specific underlying deficits in the Reward system (REW) also called the 

Behavioral Activation System (BAS) (later referred to by Gray as the Behavioral 

Approach System), Behavioral Inhibition System (BIS) and the F/F (fight /flight 

system). This model was originally proposed by Gray (1973) and has been elaborated 

by Beauchaine (2000) and Fowles (1980, 1993).  The BIS system is thought to inhibit 

behavior in conditions of punishment or declining rewards.  The BAS system is thought 

to motivate behavior in situations of reward while the FF system is thought to react to 
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threat by mobilizing a fight or flight response to stress.  In psychopathology, over-

activity or under-activity of the BIS BAS and F/F systems are theorized to interact to 

produce the deficits underlying both internalizing and externalizing disorders 

(Beauchaine, 2001).  Over activity of the BIS system would result in anxiety and 

frustration. Over activity of the BAS system would result in disorders such as conduct 

disorders or anti-social personality disorders (Quay, 1993).  Fowles has connected the 

activity of the BIS and BAS systems to psychophysiological measures, maintaining that 

the BIS system is best indexed using SCR while HR indexes activity of the BAS 

(Fowles, 1980).  Both Fowles and Beauchaine have cautioned that levels of anxiety and 

depression may mediate the relationship between activity of the BIS/BAS systems and 

DBD (Fowles, 1993; Beauchaine et al., 2001).  Beauchaine also notes changes in the 

system across development as a further explanation of the inconclusive findings on the 

BIS BAS system and DBD.   

The BIS/BAS model has been tested in DBD in criminals (see review in Fowles, 

1993) and in children with DBD and various forms of psychopathology (see Quay, 

1993, for review in reference to CD). This theory would predict that those who commit 

antisocial acts would be highly sensitive to rewards and non-responsive to punishment 

(or to signals for punishment) due to impairments in behavioral inhibition (Fowles, 

1993).  Quay (1993) elaborates the theory by specifying two groups of conduct 

disordered youth, those who have the undersocialized version of the disorder are 

hypothesized to be high in anxiety and have an overactive BIS with high levels of 

anxiety leading to life course persistent conduct problems and aggression to avoid 

punishing stimuli.  Those with socialized anxiety disorder are hypothesized to have an 
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overactive BAS, and be more sensitive to social learning of aberrant behavior from 

deviant peers (Quay, 1993). 

Beauchaine has combined the BIS/BAS F/F theory with Porges‘s theory of 

vagal tone to bring together the diverse psychophysiological findings on DBD, ADHD 

and anxiety disorders.  His model assumes skin conductance as a measure of BIS 

functioning, PEP as a measure of BAS functioning and resting and reactive RSA as 

indexes of emotional traits and emotional states, respectively.  His model proposes that 

the PNS controls emotional regulation through vagal activity while the SNS controls 

motivation through the BIS and BAS.  This model allows predictions to be made for 

psychopathology and tests based on measurement of multiple methods of 

psychophysiological measurement.  The model predicts those high in aggression should 

show high activity of the BAS, low activity of the BIS, and low baseline RSA and high 

reactive RSA.  Beauchaine et al (2001) tested these hypotheses as a way to differentiate 

children with ADHD from those with Conduct Disorders based on autonomic 

functioning.  The results of this study supported the predictions made when comorbid 

anxiety disorders were statistically removed.  This model provides a way of integrating 

theories of emotional regulation with theories of motivation and allows theory-based 

investigation into autonomic activity.    

In internalizing disorders, Beauchaine‘s model would predict that those with 

depression would show low BAS activation, high BIS activation in the SNS 

motivational system, and low trait RSA in the parasympathetic nervous system (PNS) 

but normal reactive RSA. Those with panic disorders would show high BIS and BAS 

activation and low trait RSA and high reactive RSA.  Anxiety would be predicted to 
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show high BIS, low trait RSA. One complication in assessing these relationships is the 

effects of both tricyclic anti-depressants and selective serotonin reuptake inhibitors on 

the PNS and ANS (Beauchaine, 2001).  In non medicated groups, low RSA has been 

found in both participants with panic disorders and those with depression symptoms 

(reviewed in Beauchaine, 2001).   Although the evidence is consistent with the PNS part 

of the model, the BAS component has not been tested in internalizing disorders 

(Beauchaine, 2001). 

Cognitive model: The role of memory 

There is some debate within cognitive psychology about whether emotions are 

the same as cognition.  Lazarus (1991) subsumes the study of emotion and motivation 

into a larger cognitive theoretical framework, while other authors consider cognition 

and motivation as separate systems.  LeDoux (1995) advocates the use of neuroscience 

as a way to winnow the hypotheses about the function and nature of emotional 

processes, reasoning that neural structures can be tied to specific processes which would 

allow researchers to discard theories of emotion that are inconsistent with the structural 

data.  LeDoux uses fear as an example emotion because it is present from birth and 

across species and underlies many psychopathologies.  

Fear conditioning procedures are used in combination with lesion studies to 

trace the pathways of the Conditioned Stimulus (CS) through neural structures.  These 

studies have found two neural paths to conditioning, the faster path goes through the 

amygdala and bypasses the cortex and is used for conditioning to simple stimuli (loud 

tones, shock), and the slower path goes through the auditory cortex and is activated by 

more complex stimuli.  The hippocampus appears to be involved in retaining contextual 
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cues associated with fear stimuli, which would help an organism remember which 

contexts are safe or dangerous (a lion that is eating is not dangerous, while one who is 

stalking is dangerous).  Localization of specific aspects of the fear response such as the 

freezing response and SNS and PNS responses have been shown in specific regions of 

the amygdala.  Cellular level studies of Long Term Potentiation (LTP) of neurons 

involved in fear conditioning have shown plasticity in components of the system that 

show how neurons become more efficient at transmitting the signals involved in fear 

conditioning.  These findings imply that there are two types of cognitive reactions to 

fear, the basic type involves very little higher level processing between perception of a 

stimulus and a defensive reaction, and another type of reaction which requires input and 

decision making from the cortex which is activated in response to unclear threat stimuli.   

Cognitive neurological research into emotion summarized by LeDoux (1995) 

opens questions for EBD researchers on whether certain groups of children activate the 

fast reaction path instead of the slower evaluative path when confronted with common 

classroom stimuli.  This has not been specifically studied in DBD, but some work has 

been done in the neuropsychological bases of CD.  Moffitt (1993) has reviewed the 

evidence for verbal deficits and executive function deficits in CD.  Verbal deficits may 

contribute to children with CD having difficulties labeling their own or other‘s emotions 

and were seen in almost every study reviewed.  Specifically, delinquents and children 

with CD show a greater performance IQ than verbal IQ suggesting that there is a deficit 

specific to language rather than overall lower cognitive functioning.  The relationship 

between this verbal deficit and problems with identifying or expressing emotion is 

currently based on speculation.  
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There is evidence that children with CD and delinquents are impaired in areas 

of executive function involving impulsivity, two of these studies are longitudinal and 

show that the impairments are predictive.  Moffit (1993) notes however, neuroimaging 

studies are lacking and executive function and impulsivity are broad concepts that need 

further study and may or may not play a role in emotion.  

The cognitive load of suppressing emotion has also been studied in children and 

adults.  Baumeister et al., 1998 showed that adults told to suppress observable 

emotional reaction to an emotionally charged video sequence showed weaker 

performance and more errors on a subsequent timed cognitive task than controls who 

were instructed not to suppress their emotional reaction to the video.  Richards and 

Gross (2000) tested the ability of college students to remember visual and auditory 

details of a negatively emotionally charged film clip they watched while suppressing 

emotion expression.  The students who suppressed emotional expression were found to 

remember significantly fewer details immediately following the viewing of the film.  

Cole et al (1996) measured HR, vagal tone and facial emotional expression in 

preschoolers during viewing of an emotionally charged film clip.  The authors found 

that inexpressive preschoolers had the highest HR, lowest vagal tone and smallest ANS 

changes during viewing of the clip.  Both inexpressive and highly expressive children 

showed more externalizing symptoms during preschool but at first grade follow up, the 

inexpressive preschoolers had more depressed and anxious symptoms.  This research is 

a first step in linking psychopathology and emotion expression has not been tested in 

children with DBD.   
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The cognitive load of suppressing emotional reactions might suggest that either 

students with high levels of emotional reactivity (due to temperament or environment) 

or students who lack methods to express emotion might be constantly engaged in a 

demanding task that may impair their ability to perform academic tasks or to use social 

problem solving strategies.   

 Ethology/Evolutionary theory 

 Darwin (1894) incorporated the study of emotions into a framework of 

evolutionary theory.  Cannon (1914) made specific links between the functioning of the 

Autonomic Nervous System (ANS), transient emotions and the accomplishment or 

interference with evolutionarily significant goals. For example, Cannon proposed that 

interference with eating or reproductive functions would elicit the strongest emotional 

and ANS responses (Cannon, 1914).  Selye (1950) emphasized the significance of 

ongoing physiological stressors and their roles in disease and the body‘s coping 

mechanisms to deal with these stressors.  The evolutionary function of stress and 

emotion is primarily related to fight/flight systems in predators or prey and focused on 

adaptive physiology of the stress response in reaction to physical stressors (a zebra 

escaping a lion‘s attack, etc.)  Sapolsky continues this tradition by hypothesizing that 

many stress related diseases may be caused by the body continuing to activate a 

fight/flight response to stressors that no longer require this type of response (Salopsky, 

2000).  Consistent with ethological predictions, tasks that involve social hierarchical 

dominance induce strong HPA reactivity in social animals (McEwen & Seeman, 2000) 

and humans (Dickerson & Kemeny, 2004).  Peer rejection has been shown to be 

associated with increases in cortisol in typically developing preschoolers (Gunnar et al., 
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2003).  In internalizing disorders such as Post Traumatic Stress Disorder, Yehuda has 

shown that changes in the HPA axis due to stressful life events may be passed down to 

offspring (Yehuda et al., 2001; Yehuda et. al, 2002).  Attachment behaviors and their 

correspondence to activity of the HPA system also provide a test of the evolutionary 

value of emotion since attachment is a developmental task with species adaptive import.  

Attachment research has shown that securely attached infants do not show cortisol 

elevations to maternal separation (Spangler & Schieche, 1998).  However, tests of 

emotional reactivity and dominance structures in DBD are needed to confirm the 

relationship of evolutionary theory to DBD.  Evolutionary theory may help researchers 

in DBD discover the adaptive purpose of disruptive behaviors and may help delineate 

contexts in which emotion may be aroused.  Finally, some research suggests that 

individual differences in aggression may have adaptive significance for a species.  

Recent descriptive studies of aggression in western bluebirds has shown that as the 

species colonizes new territory, aggressive individuals tend to enter new areas first, 

followed by a reduction in aggression in birds who follow and reduced aggression in 

succeeding generations of birds (Duckworth & Badyaev, 2007).  This work suggests 

that high levels of aggressive behavior in individuals may have been adaptive at the 

species level and underscores the importance of understanding trait differences in 

aggression. 

Summary of theories in relation to DBD 

Theories of emotion that hypothesize a memory function follow cognitive theory, 

those that emphasize the role of emotions in motivation tend to follow from behavioral 

theory, others emphasize emotional response as an element of associative learning or 
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classical conditioning.  Another group of theories surrounding the function of emotions 

conceptualizes them as adaptive evolutionary mechanism to enhance species survival.  

For application in EBD research, the motivational, associative and cognitive theories 

offer the most directly testable hypotheses that can be related to treatment evaluations.  

Functional theories are helpful for examining the evolutionary purpose of emotion and 

could be helpful in designing school wide or policy level interventions. 

Non-psychophysiological measures of emotion 

To determine whether psychophysiological measures could be useful in examining 

treatment response in EBD research, alternatives to psychophysiology must be 

evaluated.  There are three methods that could be used to assess emotion without the use 

of psychophysiolgical measures: rating scales (self report, expert raters, teacher/parent 

report), observational measures of emotion expression, or performance tasks designed 

to elicit emotional responding.  Each of these areas is briefly reviewed below and 

advantages and limitations are discussed for each. 

Rating scales as tools to assess emotion in DBD 

Emotion is usually assessed in schools using rating scales (Shapiro & Heick, 

2004).  The Child Behavior Checklist (CBCL; Aschenbach & Edelbrock, 1991) remains 

one of the only scales that has been extensively normed on the EBD population and is 

commonly used in the assessment process.  However the CBCL was not designed to 

measure emotion.  The CBCL broadly separates behavioral/emotional problems into 

internalizing problems (anxiety, and depression) and externalizing problems (conduct 

disorders, disruptive/aggressive behavior) that loosely follow Diagnostic and Statistical 

Manual (DSM) classifications.  
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Although the CBCL and other measures of emotion have been adopted in 

special education, special education researchers have not adopted the research on 

emotion in the wider scientific community and so easily misapply categories from the 

CBCL and other measures.  Rating scales have inherent limitations when used within 

subjects and to assess reactivity to specific situations.  Rating scales are designed to 

compare children with a normative sample, not to show change or reactivity within a 

child.  Often, however these scales are used not only for placement where comparison 

with other children is an important function, but as a way of quantifying change over 

time (Salzinger, 2000).  Once children have been placed in EBD programs teachers still 

need ways of assessing how the child‘s behavior or emotional state may change in 

response to specific situations or types of instruction. Rating scales are designed for 

test-retest reliability with the expectation that the same child should get the same score 

on repeated administrations, so they are not well suited for showing change over time 

within child.   Another drawback to paper and pencil methods is the widespread lack of 

inter-rater reliability between scales (Atkins et al., 1989).  This can particularly be a 

problem with students in EBD programs who are in regular education for most of the 

day or those in upper grades who change classrooms often where different teachers may 

rate the same behaviors differently using rating scales. 

Behavioral observation 

Another alternative for assessment of emotion is the use of direct observation of 

emotional expression or behavior.  These have rarely been used for assessment of 

emotion because as Darwin (1872) noted, emotions are too fleeting and variable across 

individuals to be seen and measured accurately through observation.  Darwin‘s solution 
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was to use photographs of facial expressions and to attempt to discern activation of 

facial muscle groups.  Darwin‘s approach has been incorporated into the current state-

of-the-art system for observation of emotional expression known as Facial Action 

Coding (FACS; Ekman & Friesen, 1976).  This system relies on stop motion video of 

the face and correlates activation of various facial muscles with emotional expression.  

The limitations that Darwin noted remain to this day and the system requires extensive 

observer training which may explain its lack of use in applied studies.  There are 

abbreviated versions of the FACS system that have been used to examine emotional 

expression (EMFACS, Ekman, 1984). Coding facial expression of emotion is one 

alternative to psychophysiology for examining emotion in DBD, but it requires that the 

emotion is not suppressed and takes trained observers and carefully recorded video to 

obtain.  A study by Keltner et al (1995) used existing video of 12 and 13 year old boys 

taking IQ tests, coding of the video for facial expressions of anger, fear sadness and 

embarrassment.   This study illustrates the promise and the limitations of observational 

coding of facial expression, out of 508 boys originally filmed 70 yielded two minute 

portions of video which could be coded and coding of each 2 minute segment required 

approximately 1 hour of coding time.    The study correlated facial expressions to 

internalizing and externalizing behavior problems assessed through the CBCL and 

found that externalizing boys showed significantly greater displays of anger, 

internalizing boys showed greater displays of fear and non-disordered boys showed 

more embarrassment.  These results illustrate both the potential utility of Facial Action 

Coding for examining the role of emotion in internalizing and externalizing disorders as 

well as their difficulties in applied settings.  
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Other observational measures of emotion rely on observation of behaviors 

associated with emotional expression such as tantrums (Potegal, Kosorok & Davidson, 

1996).  One potential problem with this approach was discussed in reference to behavior 

analysis and low rates of problem behavior. Another problem is the relative lack of 

observable behaviors involved in some emotional states such as depression and fear.  

Finally because, the same behaviors may occur in the presence or in the absence of an 

emotion such as anger, these observational methods give more information on the 

behaviors that occurred rather than the role of emotion in the behaviors.   

Laboratory tasks for assessment of emotional reactions 

Laboratory tasks used to provoke or elicit emotional responding may provide an 

alternative or complement to rating scales and direct observation.  Although these tasks 

are usually used as a way to elicit emotion that may use psychophysiological measures, 

they are considered here separate from the measures they are commonly used with, as 

methods of experimentally inducing emotion.  These tasks are generally specific to a 

particular theoretical model but there are several that may be relevant when attempting 

to elicit and measure emotional reactivity in children in EBD classrooms.  Loney and 

Frick (2000) reviewed laboratory tasks to elicit emotional responses in CD including 

those that involved rigged competition (pinball machines set to ‗tilt‘, dumping stacked 

toys, etc.) those that involved increasing parental demands and those that involved 

dyadic interaction and identification of emotion.  The authors found that many of these 

paradigms might be useful for monitoring the effects of intervention, but not for 

diagnosis of conduct problems (Loney & Frick, 2000). Garber and Kaminski (2000) 

provide a similar review for paradigms for measuring depressive symptomology 
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examining tasks such as discussions with parents on conflict topics, recall tasks and 

reaction time tasks involving positively valenced and negatively valenced words, sleep 

evaluations and interview paradigms using puppets.  The authors found that these tasks 

captured the constructs underlying depressive disorders, but their ability to discriminate 

between those who are depressed and non depressed is largely unknown.  

Dickerson and Kemeny (2004) performed a meta-analysis on 208 studies that 

attempted to induce stress.  The largest effect sizes were found in tasks that included 

social evaluation (public speaking) with uncontrollable reinforcement (too difficult to 

earn the reinforcer).  These types of tasks had effect sizes of d=.92 when stress was 

measured as a change in the stress hormone cortisol.  The Trier Social Stress Task 

(Kirschbaum, Pirke & Hellhammer, 1993) is a common paradigm that includes both 

social components (giving a speech to a judgemental audience) and cognitive tasks, 

(counting backwards by 13 in front of the same audience).  Other social stress 

paradigms include separation from mother in children and infants such as The Strange 

Situation Task (Ainsworth & Wittig, 1969). 

Startle tasks are usually used to elicit fear responses and are usually conducted 

using unsignaled blasts of loud (70-90 db) noise.  Startle is usually measured using 

either physical measures of facial muscle contraction called ElectroMyography (EMG-

see Blumenthal et al 2005 for review) or the conditioning or lack of conditioning of skin 

conductance or heart rate fluctuations following the startle tone.  These startle 

paradigms also sometimes compare the amount of startle response during emotionally 

arousing pictures vs. neutral or pleasant pictures (Lang et al., 1998).  
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In addition to the paradigms mentioned in the Loney and Frick (2000) review, 

additional paradigms for eliciting anger or aggression have been attempted in laboratory 

tasks with DBD participants.  Competition paradigms involve rigged competition (card 

game Hughes et al., 2002) with real or videotaped peers and taunting from the peers 

(Van Goozen et al., 1998).  These tasks also sometimes allow the participant to aggress 

toward the confederate allowing the participant to remove points from the peer or 

deliver blasts of noise (Van Goozen et al., 1998).  Frustration is also elicited using a 

sudden or unpredictable decrement in reinforcement delivery (Stop task, Schapiro et al., 

1988) or a sudden increase in the task difficulty that results in a reduction of 

reinforcement earned (Colder & O‘Conner, 2002).  Visible but unattainable rewards 

have also been used to elicit frustration and anger in young children, as well as aversive 

stimuli such as spraying lemon juice into the child‘s face and presentation of loud 

noises (Labtab-Goldsmith & Rothbart, 1994).    

Each of these laboratory tasks is designed to create situations that may elicit 

emotional responses of various kinds.  While some of these tasks have been shown to be 

effective in causing emotional responses (see Forman et al., 2003 for review of emotion 

eliciting tasks and naturalistic observation methods in infants and young children), it is 

difficult to sort out except through meta-analysis when the lack of reactivity may be due 

to the lack of salience of the task or characteristics of the subjects.  There is evidence 

that reactivity to tasks may be different by gender with women more reactive to social 

stressors and men more reactive to achievement based stressors and these differences 

may be apparent in psychophysiology but not based on self report of emotion (Stroud et 



46  

al., 2002).  This variability in task response may show a lack of support for the 

underlying theory of emotional responding or it may only signal that the laboratory 

tasks have not replicated the response intended due to lack of desire for reinforcers used 

in a motivational paradigm.  For these reasons, a laboratory task must be well replicated 

before it should be considered for use in treatment selection.  The need for replicability 

also must be weighed against the need for ecological validity or a clear translation to 

classroom situations. 

Summary of alternatives to psychophysiology 

Rating scales are currently widely used with children in EBD programs and in the 

identification of other DBD.  Some of the well designed instruments may offer a 

valuable screening mechanism to determine how a particular child compares with the 

norming sample.  They are not an effective method of showing change in behavior in 

response to short term interventions and in general do not show high degrees of 

interobserver agreement across raters.  Behavioral observation of emotion is 

challenging and requires large time investments to train raters and code the data because 

of the fleeting nature of emotional expression, however facial emotion coding and 

simplified systems may offer a rigorous way of examining emotion in classroom 

settings.  Laboratory tasks allow direct comparison to an extant literature bases that 

have used the same tasks and certain tasks may be effective in eliciting emotions and 

could be applied to classroom assessment.  In many cases however, 

psychophysiological measures are still needed to observe the emotional response to the 

task and many commonly used tasks have been shown to be ineffective in meta-

analyses.  Ecological validity is also a concern for many of these paradigms. 
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Linking emotion and intervention 

A critical question from a special education perspective is whether these theories 

and methods of measurement might lead to more effective intervention in EBD 

classrooms.  A search of the psychinfo database of the subject categories behavioral 

disorder, treatment and emotion and all related and subordinate categories in peer 

reviewed journals from 1985 to 2007 yielded no relevant citations. Searches of other 

articles yielded the following three studies.   

Psychophysiology and intervention. To test the stress hypothesis in relation to 

treatment outcome, Van De Weil et al (2004) measured baseline and reactive cortisol 

before and after a cognitive behavioral treatment package in 22 children with behavior 

disorders.  The authors used a laboratory psychological stress test where the children 

competed against a videotaped youth on a timed response task at two levels of 

difficulty.  Between rounds of the task, the videotaped competitor taunted the youths 

with behavior disorders on their performance on the task and the participants were 

given the opportunity to observe and reward or punish the videotaped competitor.  The 

participants‘ use of punishment was used as a measure of aggression in the study.  

Response to the intervention was measured using the daily report form of the CBCL.  

The authors found no relationship between cortisol reactivity and cortisol basal levels 

pre treatment.  For analysis the participants were divided into two groups, the low stress 

reactive boys and the high stress reactive boys.  When measured pre-intervention there 

were no differences in overt aggressive behavior by parent report or in disruptive 

behavior, but post-intervention there were statistically significant differences in 
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disruptive behavior.  This suggests that biological variables measuring stress may 

serve as predictors of treatment outcome. 

Beauchaine, Gartner and Hagen (2000) tested the relationship between vagal 

tone and treatment response.  The authors reviewed intake ECG recordings of 53 youth 

admitted to a hospital inpatient psychiatric ward.  Treatment outcome was measured 

using frequency counts of reinforcement points earned and punishments given from 

staff logs.  High vagal tone predicted poor treatment outcome for depressed patients but 

better outcome for non-depressed aggressive patients.   

Fisher et al (2000) examined the cortisol levels and daily rhythms of children in 

therapeutic foster care, regular foster care and a control group of children living with un 

referred families.  This study did not include random group assignment and involved 

only ten children per group.  Therapeutic foster care involved foster parent training in 

behavior management, reinforcement programs and relationship building. Children 

were assigned to conditions by county workers so children in the therapeutic foster care 

group were found to have had more adverse life events and behavior problems than the 

other groups.  Measurement began for each foster care child at the beginning of their 

placement in the foster care setting and continued for 12 weeks.  Stress levels of the 

foster parents were found to be lower in parents in therapeutic foster care following 

training in reinforcement and behavior management procedures.  The children in 

therapeutic foster care showed a decrease in problem behaviors while those in the 

regular foster care placements showed increased problem behaviors.  Cortisol levels of 

the therapeutic foster care children decreased to levels comparable to those in the 

control group while those in the regular foster care group increased over the study.  The 
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daily rhythm of cortisol also began to resemble the control group in the therapeutic 

foster care group but not in the regular foster care group.  This study provides important 

findings for special education, by showing that effective intervention may change both 

behavior and psychophysiological functioning and that effective intervention may also 

reduce the stress levels of adults working with children with behavior problems.  The 

study is limited by the lack of random assignment and small group size and the fact that 

children enter the foster care system primarily through experience of maltreatment, not 

through behavior problems, so the changes in biology could have been due to the 

improved predictability of the therapeutic foster home, instead of changes in the child‘s 

responding.  

Interventions targeted at emotional traits. Clinical interventions for DBD‘s that 

involve cognitive and emotional strategies combined with reinforcement programs, 

known as Cognitive Behavioral Therapy (CBT), are effective for about one third of 

children with conduct disorders and related DBD‘s (Nock, 2004).  Nock and others 

have advocated discovering the moderators of treatment response to increase the 

effectiveness of interventions.  By taking into account the emotional reactivity of 

students we may be able to match treatments to student characteristics and increase the 

number of students for whom treatment is effective.  Additionally, few researchers have 

examined specific components CBT interventions to determine the effective and 

necessary components of the packages (Izard et al., 2002).  Researchers may gain 

insight into the important and superfluous parts of treatment packages by examining 

their effects on emotional reactivity. 
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Relaxation Therapies. Previous work has supported the use of school-based 

relaxation training in combination with social problem solving interventions.  A meta-

analysis of studies that implemented school based relaxation training, social emotional 

interventions or combined interventions for children in grades 3-12 (Kraag et. al; 2006) 

found effect sizes of -.58 for stress reduction for relaxation therapies alone, and -1.82 

for combined relaxation training and social skills/problem solving interventions.  A 

series of studies by Lohaus and collegues included in the Kraag et. al. meta analysis, 

examined the effects of various types of relaxation therapies (progressive muscle 

relaxation and imagery based methods) on psychophysiological measures including 

heart rate changes.  The authors found no differences between neutral story reading and 

relaxation therapies on psychophysiology measured during the relaxation sessions 

(Lohaus et al 2006).  Lohaus et al have also shown that specific types of relaxation 

procedures do not show better outcomes on psychophysiological variables or ratings of 

stress.   

Summary of literature reviewed 

This literature review provides a rationale for the incorporation of emotion into 

intervention in EBD classrooms based on the fact that current intervention approaches 

are not showing effectiveness under a range of conditions.  Although there is evidence 

that interventions used with similar populations may be effective, there is a need to 

discover moderators of treatment effectiveness.  By studying emotion in relation to 

treatment, researchers may be able to match treatment components to individual 

patterns of emotional response. This review has summarized theories of emotion, both 

as transient events and temperamental patterns have been explored and the functions of 
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emotion evaluated.  The study of emotion through psychophysiology has been 

compared to the use of rating scales, observation and lab tasks.  While both 

internalizing and externalizing disorders have been reviewed, the majority of this paper 

has been focused on externalizing disorders because the majority of children referred 

for EBD show DBD and there is a larger research literature relating emotion to behavior 

in externalizing disorders.  

While psychophysiology has advanced a technology of measurement of internal 

states, the science of measurement of observable behavior is much better represented in 

the behavioral literature. Single case design is one of the hallmarks of behavior analysis.  

Salzinger (1992) has discussed the difficulty of correlating measures at the level of 

generality of rating scales with specific measures of neurological functioning.  The 

same caveats apply to the comparison between measures of psychophysiology and 

rough measures of emotional activity offered by rating scales.  The next advances in the 

measurement of emotion may come from advances relating problem behavior to 

psychophysiology which unfold on a similar time scale.  The use of single case 

experimental designs with psychophysiological measures may allow the creation of a 

controlled baseline that is not achievable in group studies.  The in situ nature of 

functional analysis also allows relevant stimuli and stressors that cannot be replicated in 

many laboratory experiments. Friman et al (1998) have argued for the study of emotion 

in behavior analysis in the study of anxiety disorders. 

Studying emotion within special education populations will help researchers in 

special education relate their findings to those in psychology and child development. 

The research reviewed here suggests several measures and theoretical approaches that 
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may be promising for improving intervention for children in EBD programs. Baseline 

cortisol, HR and SC measures all offers hope of differentiating students with conduct 

problems who are under aroused compared to those who have higher levels of anxiety.  

Porges‘s polyvagal theory in combination with BIS BAS functioning may prove helpful 

in subtyping students according to underlying deficits which may have implications in 

treatment selection.  These baseline measures may have implications for early 

intervention and prevention models of treatment.  Reactive measures may be better 

applied by adding them as a secondary dependent measure in Functional Behavioral 

Assessment to determine whether emotional reactions precede problem behaviors, or 

are associated with antecedent classroom conditions or with teacher responses.  The use 

of an index such as RSA in these situations could be used to determine whether a 

student is attending to classroom contingencies and whether he/she is adaptive in his/her 

physiological responses.  Assessing physiological arousal to classroom stimuli 

(approaches by other students, teacher instructions) may reveal anxiety reactions similar 

to those in anxiety disorders and PTSD that could be treated using graded exposure or 

systematic desensitization.  Despite limitations in the collection and analysis of data on 

emotion, it is hoped that incorporation of this information into treatment will help 

students already served in EBD programs and may help prevent younger children from 

being identified for EBD services. 

     Hypotheses for interventions. Several plausible hypotheses can be developed 

from the research into cardiac measures, cortisol and their relationship to problem 

behavior and conduct problems that might apply to best practices interventions in 

education and early intervention.  Interventions that instruct children in decision making 
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strategies could be hypothesized to be more effective for those children who have low 

levels of anxiety because these interventions require children to inhibit aggressive or 

disruptive responses in conflict situations while the child accesses and uses a social 

skills strategy.  Children who are highly anxious or stressed would be hypothesized to 

show more reactive aggression which may not be reduced by social skills interventions. 

Children who are highly anxious or stressed could be hypothesized to respond better to 

a relaxation intervention that could reduce overall levels of stress and anxiety thereby 

reduce problem behavior and reactivity to stressful social situations.  In contrast, theory 

and research on sensation seeking, arousal and emotional reactivity could lead to the 

prediction that under arousal might initially predict high rates of problem behavior but 

might also predict response to social skills based interventions because the majority of 

the problem behavior seen in underaroused children would be expected to be 

instrumental aggression which may be more likely to be premeditated and planned 

(Raine, 1996).  

Moderator variables. Emotional reactivity and arousal are conceptualized as 

moderators of treatment response because they are expected to change the effect of the 

independent variables (the relaxation and social skills interventions) on the outcome 

variables (behavioral reductions in aggression and disruption).  Because the 

hypothesized relationship is that of a moderator variable, the moderator variables can be 

temporally separated from the interventions they moderate, so the measurement of 

cortisol and heart rate does not have to be in reaction to the academic stimuli or the 

intervention itself (Baron & Kenny, 1986; Holmbeck, 1997; Frazier et al., 2004).  

Moderator analyses are valuable in designing interventions because they allow 
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researchers to examine which interventions might be best for specific groups of 

children instead of testing which treatments are effective for a majority of children 

(Nock, 2004). 

Research Question 

 This study is proposed as a first step to determine whether children 

differentially respond to social skills interventions and relaxation training depending on 

the emotional and arousal reactivity of individual students. The specific research 

question is: does arousal and emotionality moderate response to research-based 

relaxation therapies and social problem solving interventions. 
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Methods 

 

Setting/participants. The study was conducted over a 3 month period in 

cooperation with Reuben Lindh Multi-Cultural Therapeutic Preschool & Family 

Support Services which serves children and families in Minneapolis referred by 

hospital, social services, community agency staff or former participants experiencing 

unstable family life due to poverty, homelessness, mental health issues, or drug and 

alcohol abuse.  The preschool program includes morning and afternoon programs for 

children ages 1-5.  All children attending the 5-year old classrooms (N=50) were invited 

to participate in the study. There were three participating teachers in the study, with 10 

(31%), 17 (53%) and 5 (16%) participants; 14 boys (44%), and 18 girls (56%) 

participated. See table 1 for additional demographic information.   

  Recruitment. Participation in the study was voluntary for all families.  Home 

visitation staff conducted the consent process with families to determine informed 

consent.  Home visitors were trained in informed consent procedures during an in-

service training approved by the Institutional Review Board at the University of 

Minnesota (see Appendix C for consent form).  Home visitors from the same cultural 

and linguistic backgrounds as the family conducted consent procedures and 

translated/read materials as needed.  All children in the 5-year-old classrooms received 

interventions regardless of participation in the other phases of the study.  No children 

were excluded from the study due to physiological disorders (implanted cardiac devices, 

latex allergies or feeding or swallowing disorders).  Two parents declined to participate 

in the study and approximately 10 families were not contacted by home visitors 

regarding the study during the recruitment period.  Seven children left the Rueben 
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Lindh program during the study due to family relocation, parental decision to stop 

participating in services or family non-compliance with program, resulting in a final 

sample size of 25 children with complete data (78% retention rate).    

Dependent variable.  Direct observation of problem behaviors using a partial 

interval coding was used to examine the effects of the relaxation and social skills 

interventions. (see Appendix D for observation system definitions). Volunteer observers 

blind to the study hypotheses and design watched the children normally occurring 

activities.  Each child was observed for 7 minute sessions broken into ten second 

intervals for the presence/absence of aggressive and disruptive behavior (see Pellegrini 

et al. 2004 for observational methodology).  To maximize the probability of observing 

aggression, observers were instructed to suspend observation of the focal child and 

change to record 7 minutes of data on any child who was being aggressive within their 

field of view. Data were converted to percent of intervals for analysis and averaged over 

each week of observation.  Each child was observed for an average of 14.1 minutes per 

week. Training was conducted by the study author using written operational definitions 

of aggression and disruption and was practiced by all coders in situ prior to data 

collection.  Recalibrations were conducted after each interobserver agreement session to 

discuss non-agreements and the definitions.  Four trained observers besides the study 

author collected data.  Observations from the observer with the most total observation 

time were used as the primary data when checking interobserver agreement. The 

observers were kept blind to intervention status of the classrooms and to the specific 

interventions used in the study, however one observer reported being asked questions 

about the intervention during the study. 
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Independent variables/Interventions 

 Interventions were selected with the assistance of the Reuben Lind staff 

following discussions of interventions likely to have differential effects depending on 

child emotional characteristics and those that could be implemented within the 

constraints of the program. Classrooms were randomly assigned to receive the 

intervention package in the first or second four weeks of the study.  Teachers were 

trained in the interventions through in-service trainings and treatment fidelity was 

monitored by the researchers using a checklist of relaxation components (see appendix 

B) and by coding of instances of social problem solving book use during child 

observations.  Retraining was conducted regularly throughout the study to assure 

teachers understood how the interventions were meant to be implemented. 

Relaxation.  An age-appropriate adaptation of progressive muscle relaxation 

(Heffner et al 2003) was used (see Appendix A).  Teachers chose to read the scripts 

each time they performed relaxation training. Teachers were instructed on how to 

conduct relaxation procedures for approximately 10 minutes.  During the relaxation 

procedures, children lay on the floor and teachers and aides circulated through the room 

to demonstrate correct procedures and assure that children complied with the relaxation 

procedures.  Procedures were modeled by the teachers during each session.   

Social skills/Problem solving. An adaptation of The Thumbs Up Choice Book 

(Center for Early Education and Development, 2004) was used as a reactive 

intervention for conflict resolution between children.  The Thumbs up choice book 

provides children a pictorial menu of strategies to use to solve interpersonal conflicts 

which include setting a timer to allow children to cool off or to monitor the sharing of a 
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toy, taking turns, finding another activity, getting a teacher, counting to ten, or finding 

a quiet place to relax.  Teachers introduced the intervention to children during group 

time with role plays and explanations and were instructed to prompt the use of the 

choice strategy when interpersonal conflicts occurred. To increase the likelihood of use 

of the book, the original version was reduced to a smaller size that could be worn 

around teachers‘ and aides‘ necks during the study.  Intervention fidelity was assessed 

by observational counts of presentations of the book.  

Experimental Design. Teachers were instructed to deliver the interventions for 4 

weeks each in a cross over design with baseline observational data collection for one 

week pre-intervention, one week between interventions and one week post-intervention.  

Intervention order was randomly assigned at the classroom level.  Heart rate and the 

first two salivary cortisol samples were taken prior to intervention.  Figure 1 shows a 

timeline of intervention and moderator variables measurements.  Due to personnel 

changes and incorrect implementation, four students received only the book treatment, 

eleven students had no washout or post treatment baseline. An additional four students 

had unique patterns of treatment application due to movement between classrooms.  

These patterns were calculated into all subsequent analyses.  

Moderator Variable Measures 

Reactive/Instrumental aggression scale. The relative influence of reactive and 

proactive aggression was measured using the Fast Track Teacher Checklist (Conduct 

Problems Prevention Research Group, 1995) (See appendix F) which is a shortened 

version of the Dodge and Coie (1987) checklist.  The checklist has shown acceptable 
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psychometric properties for children from first through sixth grade. The primary 

observer for the study completed the Teacher checklist.   

SCARED trait anxiety scale. The Self-Report for Childhood Anxiety Related 

Disorders (SCARED; Birmaher et al. 1999) (See appendix g) was used to evaluate trait 

anxiety in the children in the study.  It has been developed for children ages 6 through 

12 and has been shown to have excellent psychometric properties and correlates with 

other commonly used anxiety measures. (Birmaher et al., 1997; Birmaher et al., 1999).  

The SCARED scale was completed in interview format with additional explanation of 

items provided when necessary to adapt the questions to the understanding of the child.  

The participants were interviewed by the study author and primary observer.  For 

participant‘s whose first language was Hmong, the classroom teacher translated the 

items and the child‘s responses.  For participant‘s whose first language was Spanish, the 

study author translated the items and responses. 

The Child Behavior Checklist-Achenbach System of Empirical Behavioral 

Assessment-Caregiver/Teacher Report Form (CBCL ASEBA C-TRF) was filled out by 

teachers at the beginning of the study. CBCL Caregiver/Teacher Report Form provides 

externalizing and internalizing T scores which were used in the analyses (Achenbach 

1991).  Seven children‘s scores were deleted because teachers filled out form 

incorrectly (marked a continuous line down all 0 categories) these results were treated 

as missing data in subsequent analyses. 

Behavior report cards (Riley-Tillman, Chafouleas, & Briesch, 2007) were 

completed weekly by a teacher aide who circulated to all classrooms.  The ratings 

provided the same operational definitions used in the observations and prompted the 
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aide to fill in the approximate percent of time that the child showed disruptive 

behavior, aggressive behavior, responded to corrections from teachers without 

becoming angry, and percent of time the child appeared relaxed (See appendix E for 

report form). These variables were aggregated into overall mean scores.   

Cortisol Assessment. During the second week of the study, saliva was collected 

twice from each participant at school arrival (approximately 9:00 A.M. for morning 

classes; 1:00PM for afternoon classes).  An age adapted version of ‗the tasting game‘ 

(Gunnar et al., 1997) was used to collect the saliva on cotton batting which was 

expressed into vials with participant help and then frozen before assay.  Cortisol was 

collected again during the last two weeks of the study to assess change across the study 

duration. Final cortisol values were natural log transformed to correct for skewness and 

averaged across the 3 collection days to determine an average value for each child.  

Intra-individual variation across time in cortisol was not assessed in this study. Cortisol 

levels are reported in milligrams per deciliter.  The saliva was collected before snack 

was provided during the program to avoid contamination of the samples with citric acid 

and other foods that may result in incorrect values.  Averaging three samples was also 

performed to protect from erroneous values due to recent eating or novelty of staff and 

collection procedures.  Saliva with known cortisol values was included in assays with 

the lab blind to the status of the sample to check for assay variability.  Each saliva 

sample was assayed twice and a mean of the two values was used.   

Cardiac Measures. Prior to the start of interventions, each student was 

individually assessed for baseline heart rate (HR) and heart rate variability (HRV).  

Students were fitted with HR monitoring chest belts (Polar Wearlink) by teachers in the 
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classroom, then students were taken to private conference rooms or empty classrooms 

where video viewing took place.  Cardiac data was recorded wirelessly by a watch held 

by the researcher. Baseline HR and HRV was assessed after the child listened to a 5-

minute long age-appropriate affectively neutral story read by one of the researchers 

which introduced the child to the cardiac data collection procedures and was used to 

determine assent. (See appendix H for photograph of cardiac collection equipment and 

assent materials).  After the story reading, children viewed video segments totaling 15 

minutes in length from age-appropriate children‘s films. Average resting heart rate in 

beats per minute (BPM) and baseline HRV was calculated from the emotionally neutral 

video viewing segments.    

Reactive emotional HRV was assessed during viewing of the emotional video 

segments used in the MacArthur Psychophysiological Assessment battery (Alkon et al. 

2003; Boyce et al., 2001) which include age appropriate emotionally charged videos 

showing situations where protagonists are experiencing fearful situations preceded and 

followed by affectively neutral videos from the MacArthur Battery.  In addition to these 

clips fearful and neutral clips with African American children as protagonists were 

used. At the end of each type of video clip, the children were asked to rate their reaction 

to the clip using the Self Assessment Manikin (SAM) scale (Bradley & Lang 1994).  

However, after initial testing, the use of the SAM scale was suspended because it 

lengthened the video viewing session from approximately 15 minutes to over 30 

minutes and children appeared to be randomly filling in the scale. 

Analyses 
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Error correction. Cardiac measures were filtered for spurious or missing values 

using the Kubios (Biosignal Analysis & Medical Imaging Group, 2006) software which 

replaces anomalous beats (defined as those beyond .20 of the surrounding 5 beats) with 

the mean value from the surrounding five beats in concordance with the 

recommendations in Berntson et al. (1997).  Segments that showed excessive correction 

(more than 2 corrected values per minute) were deleted to remove spurious data, if 

remaining data from the video segment were at least 1 minute in length from the video 

segment, HR and HRV was calculated, if not data from that segment were discarded.  

Simulations suggest that missing data greater than this level may compromise 

calculations of HRV (Berntson & Stowell 1998).  The Kubios software was also used to 

calculate HRV values (High Frequency in normalized units) (Biosignal Analysis & 

Medical Imaging Group 2006). Reactive HRV was calculated as the difference between 

HRV (High Frequency Power in normalized units) from the neutral and affectively 

charged video viewings.  Skewness and kurtosis of the cardiac data was examined using 

standard statistical software (SPSS) and was within acceptable limits.  To reduce 

variability and skewness of the data, values from the African American protagonist 

video clip were averaged with the response to the affective clips from the Macarthur 

Battery and the neutral clips. Very low frequency power was removed by the Kubios 

software, and the autoregressive model was used to partial out motor movement and 

slower trends in cardiac variability from the HRV calculations.   

Missing Data. Missing data was replaced using multiple imputation with the 

Amelia software (Honaker, Joseph, King, Scheve, & Singh, 2003; King, 2002) which is 

supported as an alternative to mean substitution or other methods of missing data 
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replacement (Schafer & Graham, 2002).  Multiple imputation was performed in stages, 

with relationships between variables preserved over time and within subjects.  

Imputation was not used for treatment and baseline levels not experienced by a 

participant (i.e. , relaxation treatment data was not imputed for participants who only 

received social story treatment).  Cortisol values were imputed using only previous 

cortisol waves.  Rating scale data was imputed based on other rating scales, physiology 

and patterns of observation ratings and imputations were constrained by the mean and 

standard deviations of the published measures.  Missing weekly behavior report card 

ratings, and missing data from observations were imputed at the weekly mean level for 

each subject using all available participant data. At each data imputation wave, the 

software generated 5 imputed data sets which were combined into mean imputed values 

used in the analysis.  Sample graphs comparing distributions of the imputed data and 

the observed data are found in appendix I. 

 Exploratory Data Analyses/Data reduction. Principal Components Factor 

Analyses were performed to combine like moderator variables and reduce the number 

of tested variables.  Commonly used statistical rules of thumb require approximately 5 

participants per tested variable and approximately 5-10 for each factor analyzed 

(Fabrigar, Wegener, MacCallum, & Strahan, 1999).  To reduce the risks of model 

overspecification, factor analyses was performed in two stages, first, teacher reports 

were factor analyzed followed by physiological variables.  At each stage redundant and 

non-significant variables were eliminated.  When the number of variables had been 

reduced, a combined factor analysis was performed with the remaining physiological 

and rating scale variables.  See appendix K for factor analysis results.  The adequacy of 
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sample size for factor analysis was evaluated using the Kaiser-Meyer-Olkin (KMO) 

measure of sampling adequacy statistic which averaged .5-.6 in the ―miserable to 

mediocre‖ range according to the criteria set by Kaiser Meyer & Olkin (Kaiser, 1970). 

This low value is likely due to the relatively low N of the study, so does not preclude 

the use of factor analysis. Another measure of adequacy of correlations for factor 

analysis, Bartlett‘s test of sphericity of the correlation matrix was significant in all cases 

indicating that there were sufficient correlations to proceed with a factor analysis 

(Fabrigar et al., 1999).  

The number of retained factors from each analysis was determined using 

empirical methods.  Parallel data sets were created using sampled permutations of the 

original data and factor analyzed.  The mean eigen values of the 1000 parallel data sets 

were used as critical values to compare to eigen values of the actual data.  If the actual 

data eigen value surpassed the permutation values, the factor was retained in the 

analysis (O'Connor, 2000).   Anderson-Rubin factor scores (which result in uncorrelated 

factor scores) were generated for each participant (Anderson & Rubin, 1956)and saved 

as variables for inclusion as covariates in significance testing. 

Significance testing 

 Significance testing was performed using least complex models to more 

complex models to look for a convergence of evidence between analysis methods.  

Also, testing was performed on unimputed data and imputed data to confirm that 

findings were not unique to the imputed data. 

ANOVA/ANCOVA using pre/post scores. Disruptive behavior observation scores 

from all treatment weeks were subtracted from pre-treatment weeks and the resulting 
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change score was evaluated for significance with the factor scores as covariates and 

with treatment order and gender as predictors. One way ANOVA models were also 

tested using specific physiological factors as covariates instead of the factor scores.  An 

analysis of covariance (ANCOVA) was also conducted using the pre intervention score 

as a covariate and the post intervention score as the dependent variable.  

Repeated measures ANOVA analyses.  Repeated measures ANOVA analyses 

were conducted on both imputed and un-imputed files using pre treatment baseline, 

treatment 1, between treatment washout, treatment 2 and post treatment baseline scores 

on observations of disruptive behavior.  All analyses were also conducted on aggression 

and combined aggression and disruptive behavior, but low rates of aggression resulted 

in a lack of variability in the analyses.  A second set of repeated measure ANOVA‘s 

was conducted using only pretreatment baseline, combined treatment scores, and 

combined washout and posttreatment scores. As with previous analyses, scores for 

HRV, HR and cortisol were substituted for factor scores. 

Linear mixed models analyses. Linear mixed models (LMM) analysis was 

adopted for significance testing because the procedure does not assume a particular 

structure of the covariance between variables.  In these data, the close spacing of 

weekly observations results in a lack of compound symmetry between measures which 

is one of the assumptions of the repeated measures ANOVA.  LMM procedures also 

allow for missing data, so comparisons could be made between imputed data and non 

imputed data files. Finally, LMM allows model specification limiting comparisons to 

only those of interest instead of testing the full factorial model as done in repeated 

measures ANOVA (Norušis, 2005).  The LMM model was tested with the derived 
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factor scores and with individual physiological variables as covariates. The model was 

evaluated using unstructured covariance, autoregressive covariance, diagonal 

covariance and Toeplitz structures.  Akaike Information Criterions (AIC) were 

calculated for each type of covariance structure and were used to evaluate the 

model/data fit.
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Results 

 

Treatment fidelity and dependent variable reliability 

The integrity of relaxation intervention was assessed weekly by the study author 

using the rating sheet (see appendix B), scores averaged 75% (range .60-.90) 

compliance. Intermittent checks were also conducted by the Ruben Lind teacher 

supervisor. Agreement between teacher supervisor ratings and study author 

observations averaged (r=.54).  Use of the choice book was observed a total of 20 

occurrences or .36 presentations per observation.  Only 2 of these presentations were 

following child problem behavior.   

Interobserver agreement. Independent simultaneous observations of dependent 

variables were conducted 12.2 percent of observations for interobserver agreement.  

Interobserver agreement was calculated using Cohen‘s Kappa to control for baserates of 

code occurrence (Cohen, 1960) averaging .96, (range .15-1.0).  Interobserver agreement 

was also assessed using the formula: Agreements/Agreements+Disagreements (average 

.99 [.79-1.0]). 

Cortisol Assay.   Repeated assays of cortisol samples (intra-assay variability) 

averaged 5.4% (range 0.0-29.5%) and deviation of the assays from known control 

values averaged 16% (assay value - previous known value/known value).  An ANOVA 

analysis tested time of collection (AM or PM) and classroom (which influenced time of 

collection) as predictors of average cortisol values.  Main effects (AM/PM, Classroom) 

and the interaction was non-significant (p>.19, .98, .70 respectively) therefore cortisol 

values were not classroom or time of day corrected before inclusion in analyses.  There 
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was a significant effect of time on between subject cortisol values with 94% of the 

variance in cortisol values between subjects over time (p<.001). The direction of the 

change was decreasing. 

Correlations between weekly behavior report cards and observational 

measures. Bivariate correlations between each week‘s behavior observations and 

weekly behavior report cards were calculated to examine the convergence between 

observations and teacher aide reports of disruptive behavior.  Correlations between 

adjacent ratings showed average Pearson‘s correlations of .21 which were non-

significant at the .05 level. 

Raw data means and variability.  Figure 2 shows box plots of data for observed 

percentages of disruptive behavior by pretreatment, choice book, between treatment 

washout period, relaxation treatment and post treatment baseline conditions.  The N for 

each condition differs because with the exception of pretreatment, not all participants 

experienced each phase.  Also due to counterbalancing of treatments, not all participants 

experienced phases in this order. Table 2 shows means and standard deviations for key 

variables. 

Factor analyses. Final factor analysis results are shown in Figure 3 for imputed 

data. Based on the parallel data set means, both imputed and un-imputed data were 

reduced to two factors.  Rotated factor loadings are shown in Table 3 for imputed data.  

Factor 1 was named, ―Externalizing/Internalizing and Cortisol‖ because these 

components made up most of the variation in the factor.  Factor 2 was named ―Resting 

HR‖ because this was the largest part of the variation.  Appendix J shows iterative 

factor analyses with all variables, the physiological variables separately and for ratings 
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only and the final factor analyses used in imputed and unimputed data sets.  Factor 

analysis showed little difference between resting values and values during emotional 

videos for cardiac measures and this was confirmed by subsequent bivariate correlations 

(r=.58 for HRV, r =.86 for HR both p<.01)  The CBCL internalizing and externalizing 

subscales were both highly correlated with resting heart rate and HRV.   

One way ANOVA on change scores, ANCOVA results. The change score one 

way ANOVA showed no significant main effects on the imputed (p<.54, n.s.) model.  

The un-imputed model did not have enough data to compute mean squares for the 

intercept but none of the terms that could be computed were significant (all p>.67, n.s.).  

Resting HR, resting HRV and mean cortisol values were not significant as covariates in 

the one-way ANOVA analyses conducted on physiological measures. The ANCOVA 

model showed a significant effect of interventions (p<.01, eta squared .25) but the 

moderators were not significant. 

Repeated measures ANOVA. Repeated measures ANOVAs were conducted 

using pretreatment scores and combined mean disruptive behavior observation scores 

from all treatment phases as within subjects repeated measure, and factor analysis 

scores (Anderson-Rubin) as covariates and gender and treatment order as predictors.  

Results for the imputed data showed significant treatment effects within subjects 

(p<.02, using a Hyunh Feldt correction for lack of sphericity, eta squared=.25) 

accounting for approximately 25% of the variance within subject.  Moderator variable 

factors, treatment order and gender were non significant (all p>.32).  Between subjects, 

only the effect of treatment was significant (p<.001, eta squared=.57) suggesting that 

57% of the variance between subjects in disruptive behavior was due to treatment 
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effects.  Graphs of mean disruptive behavior by treatment are shown in figure 4. 

Pretreatment mean disruptive behavior averaged 5% of observed session time, (95% 

Confidence Interval (CI)=.03-.07), while treatment means averaged 2% of session time 

(CI=.01-.02). Imputed and un-imputed models had similar significance values, eta 

squared values and means for these analyses.  Individual tests of physiological variables 

as covariates were non significant. 

The next set of significance tests examined the same set of predictors as in the 

above tests, but with three repeated measures (pretreatment, combined treatment, post 

treatment).  The within subject tests were not significant (Hyunh-Feldt corrected), but 

there was an overall between subject effect of treatment (p<.02, eta squared=.21) in the 

imputed dataset, and a significant within subjects effect (p<.04, eta squared=.37) and 

between subjects effect (p<.003, eta squared=.83) for the treatment effect in the un-

imputed data set. Figure 5 presents the three phase treatment effects graph from the 

imputed model. 

Linear Mixed model 

 The linear mixed models allowed analysis of individual treatment effects and 

analysis of data on a week by week basis.  Only results from models that converged are 

presented here with the covariance structure that represented the lowest information 

criteria values reported if multiple models converged (Norušis, 2005). Further, only 

results which analyzed predictors unavailable in previous analyses are reported here as 

the other analyses replicated the conclusions of the previous analyses.  In the mixed 

model analysis, models with each week as repeated measures and all tested factors 

would not converge due to low sample size and high redundancy of predictors so these 



71  

could not be evaluated. However, a model converged that modeled the effect of time 

and entered treatment status as a covariate for each week.  The autoregressive structure 

showed the best fit based on AIC, treatment effects were significant (p<.03, AIC=-

1407), Sidak adjusted post-hoc tests of the difference between treatment and non 

treatment weeks were significant for the choice book (p<.02) corresponding to a 1.3% 

reduction of problem behavior between treatment and baseline weeks.  To replicate the 

results of the previous analyses and test factors, another LMM was constructed with 

treatment phases grouped into five phases: pretreatment baseline, choice book, washout, 

relaxation treatment and post treatment baseline.  These phases were entered as a 

repeated measure and treatment order, gender and the two factor scores were entered as 

fixed variables, with the covariances of the treatment phases as random effects. Based 

on the AIC scores, the best fitting model contained only the effect of intervention 

(AIC=-474) and a first order autoregressive covariance structure.  The results showed 

that the effect of treatment was significant (p<.03) but none of the predictors (treatment 

order, moderator factors) were significant.  See appendix L for outputs from LMM. 

 Results summary. All results except for the one-way ANOVA analysis of change 

scores showed a significant effect of treatment for the choice book but not for the 

relaxation treatment.  None of the analyses showed a moderator effect or a main effect 

for the factor derived scores or for the physiological variables entered directly into the 

regression. 

  



72  

Discussion 

 

 This study tested whether individual differences in arousal and emotionality 

would predict response to interventions in a classroom environment.  The ecological 

validity of the findings is high because all interventions were carried out by classroom 

teachers and the dependent measure was observational rates of disruptive behavior. The 

study did not find a moderator effect for physiological or rating scale measures of 

individual differences in arousal and emotionality although the social problem solving 

intervention showed a significant treatment effect.   

 This study joins a very small literature base (Beauchaine, Gartner, & Hagen, 

2000; 2000) combining physiological measurement with socially significant behavior in 

the context of treatments.  This study extends previous work with more precise 

quantification of behavior and multiple reporters providing measures of 

internalizing/externalizing behavior and by including tests of the proactive/reactive 

conceptualization of aggression using the Teacher Report Form and measurement of 

multiple systems of autonomic functioning (HPA, PNS).  The work was carried out in 

the context of an urban therapeutic preschool which recruited participants from a wider 

range of ethnicity than previous work examining heart rate variability (Alkon et al., 

2003).  The assessment of physiology was done in the school environment to reduce 

stress and arousal effects associated with moving participants to a laboratory 

environment for testing.  All interventions were conducted by teachers adding to the 

ecological validity of these findings. 

Despite the statistical significance of the treatment effects in this study, several 

questions are unanswered by the results.  The most important being, how the choice 
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book intervention that was implemented so rarely could show treatment effects. The 

observed occurrence prompting of choice book use was extremely low across all 

teachers and in some classrooms it was observed only once, although all teachers wore 

the choice book around their necks daily during that treatment phase.  One possible 

hypothesis for this treatment effect would be that the wearing of the book signaled to 

the children in the study that additional problem solving strategies were available 

whether or not their use was prompted. This could have functioned to decrease the 

unpredictability of the school environment and thereby reduced problem behavior.  

Additionally, the choice book may have provided a signal to the students that choice 

making was available in their environment which has been shown to be an effective 

treatment component in educational settings in past studies (Kern et al., 1998). 

The study replicated the findings by (Fisher, Gunnar, Chamberlain, & Reid, 

2000) that basal cortisol decreased over time in a program, however without an 

untreated control group, it is unknown if this is a result of intervention, or due to other 

factors.  This could be examined directly in future studies. 

Importance of specific findings. Specific findings that are of note include the results 

from the factor analyses showing high correlations between CBCL-TRF results and the 

single question rating of percentage of problem behavior observed from the weekly 

behavior report card form.  If supported in future studies, this could provide a very rapid 

method of obtaining teacher ratings of children and could be done on a classwide basis 

at low cost and low effort for teachers.   
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Limitations 

General limitations. The single time point measurement of physiological 

variables used in this study precludes measurement of change in physiology in response 

to the interventions.  Though the crossover design was used to minimize threats to the 

internal validity of the study from additional interventions  provided to children through 

the preschool program (mental health services, family services), if other changes in 

intervention coincided with the timing of the interventions implemented here for a 

significant sub-set of children, the results could influence the findings. 

As with many studies, the generality of the findings is limited by the self-

selection bias caused by parents volunteering to participate, and parent participation in 

the program itself.   While results may generalize to other therapeutic preschool 

programs for children at-risk with a family intervention focus, it is unclear whether the 

results would generalize to other types of high poverty urban preschools (i.e., Head 

Start programs).  

Design limitations. The overall sample was low for large N statistical analysis 

methods, so power was too low to estimate within classroom dependencies.  This could 

result in an increase of type I error. The crossover design implemented here maximizes 

the power that can be obtained from a small sample by reducing within-subject 

variability but has the drawback of extending the study duration which allowed more 

time for participant drop-out and for variations in intervention fidelity. 

The ability to detect a moderator variable effect may have been impaired by the 

low rates of disruptive behavior and the low overall strength of the interventions in the 

reduction of problem behavior.  Because the rates of problem behavior were relatively 
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low in the classrooms and the actual percentage reduction in problem behavior during 

intervention phases was also low, there may not have been enough variance in the 

dependent variable to partial out variance attributable to the moderator variables.  In 

concert with the low overall sample size, this makes detecting variance attributable to 

moderators difficult. 

Moderator variable limitations. The lack of difference between fearful and 

resting HR and HRV found in the factor analysis and correlations may be due to either 

the lack of fear towards the videos shown (the threat shown in the video was not salient) 

or the possibility that the entire video viewing experience was fearful for the children 

(the resting values do not truly reflect resting conditions).  Despite steps taken to 

accustom the children to the researchers such as playing in the classroom with children 

for several weeks and steps to reduce the fear associated with physiological data 

collection such as collecting cortisol as a activity in a game format, and use of a stuffed 

animal and story reading to accustom the children to the procedures for cardiac measure 

collection, the possibility remains that the collection procedures themselves elevated 

both cortisol and resting values of HR and HRV.  

Implementation limitations. Teacher fidelity in implementation of interventions 

was low throughout the study, particularly with the choice book intervention. 

Anecdotally, teachers often did not notice aggression and disruption in order to respond 

with the choice book or to prevent its occurrence by presenting the choice book before 

problem behavior was observed.  The timing of interventions was incorrect in one 

classroom resulting in a lack of washout period for one group of students and no return 

to baseline for another group. Another teacher was on extended sick leave after the first 
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intervention phase so her students only received one intervention. High rates of student 

absence and attrition of students, student movement between classrooms and teacher 

absence also increased variability and complicated analysis.  Finally, in some cases 

there was poor compliance from teachers in filling out CBCL ratings (one teacher rated 

all students with all 0‘s in every category) which leads to limitations in reliability of 

measures. 

In addition to the complications for data analysis introduced by the factors 

mentioned above, the study suffered from low statistical power, with an N too small to 

evaluate effect of intervention by classroom.  The low N was also evident in  factor 

analyses and the total suggested N for factor analysis was not met (Fabrigar et al., 

1999).  Low N also limited the precision of analysis that could be achieved by Linear 

Mixed Modeling due to non-convergence of more precise models. 

Another important caveat in the interpretation of the results is that the clinical 

significance of the treatment may be negligible in the classroom environment.  

Disruptive behavior was a relatively rare occurrence and reducing this event to still 

lower levels may not have great clinical validity for teachers.  This may help explain the 

low rates of intervention implementation by teachers.  The study lacked measures of 

positive behavior as well, so it is possible that the relaxation intervention, while not 

reducing problem behavior, could have increased pro-social play behaviors.   

Future studies. Despite the complications with this study, the framework it 

introduces, of physiological and individual difference variables moderating response to 

early intervention, may prove a fruitful line of translational research.   Future studies 

should replicate this study with potentially more powerful interventions (Positive 
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Behavior Support interventions or multi-component Cognitive Behavior Therapy 

interventions).  Intervention effects could be measured more directly on problem 

behavior by conducting daily pre/post observations of problem behavior before and 

after an intervention such as relaxation therapy and implementing and removing the 

intervention on a daily instead of weekly basis.  The interventions could be more 

carefully integrated between home and school to provide a stronger ‗dosage‘ of 

intervention in less time. The effects of the combined relaxation and choice intervention 

might be expected to be stronger than the separate interventions and so both 

interventions could be combined and tested. Longer time scale measures of problem 

behavior could be measured to examine more carefully the impact of individual 

differences on trajectories of problem behavior.   

Additional complementary psychophysiological measures indexing the BIS 

system (such as SC) and more direct measures of sympathetic activity such as PEP 

could be added to the paradigm in future studies.  Performance tasks with reward and 

response cost or competition paradigms could be introduced to examine the effect of 

stressors besides video viewing.  While reactivity to the fear videos was measured 

unsuccessfully using the SAM scale in this study, future studies could use Facial Action 

Coding of children‘s facial expressions during the video viewing or other tasks as a 

measure of the emotional impact of the paradigm. 

 Conclusion 

This study provided the first known test of the use of physiological variables as 

a moderator of treatment response in early intervention with populations at high risk of 

emotional behavior disorders.  It also is one of the first studies to examine HRV in non-
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laboratory environments.  By combining measurement of individual difference 

variables both physiological and via rating scales with direct observation of socially 

significant problem behavior the study provided a real-world test of theories of arousal 

and emotionality. 
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Table 1  

 

 

Participant characteristics 

 

Gender  Number Percent of sample 

 Male 13 43 

 Female 18 60 

Race/Ethnicity    

 Non Hispanic 

White 

1 3 

 English Language 

Learners (Asian, 

African, Latino) 

11 37 

 African American 12 40 

 Native American 4 13 

 Other/Unknown 3 10 
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Table 2 

 

 

Variable Type 

 

Variable Name Mean 
Std. 

Deviation 

Physiological 

Moderators 
Cortisol Wave 1 (ug/dl) .219 .199 

Cortisol Wave 2 (ug/dl) .189 .111 

Cortisol Wave 3 (ug/dl) .167 .110 

Mean Cortisol Log Transformed -1.870 .513 

Resting HRV (HF n.u.) 42.52 14.77 

Resting HR (BPM) 
102.0

6 
8.96 

Fearful video HRV (HF n.u.) 44.42 16.82 

Fearful video HR (BPM) 
100.7

5 
11.53 

Rating Scale 

Moderators 
CBCL-internalizing T score 58.45 8.85 

CBCL-externalizing T score 53.98 7.01 

SCARED score 26.12 14.56 

Teacher Report Form Proactive aggression 1.19 1.89 

Teacher Report Form Reactive aggression 2.97 3.37 

Mean behavior report card disruptive 

behavior (%) 
15.57 10.89 

Mean behavior report card ‗appeared 

relaxed‘ (%) 
79.10 10.67 

Dependent 

measure 
Disruptive behavior  (% intervals) 2.14 1.84 
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Table 3 Factor analysis with imputed data 
 

Rotated Component Matrix a 

.701 .218 

.697 -.269 

.651 -.313 

.610 .401 

.105 .811 

.180 -.809 

cortlogmean 

SCAREDOV.1.00 

CBCLINTT 

CBCLEXTT.1.00 

rsthr 

rsthrv 

Factor 1 

Ext/ int/ cort 
Factor 2 

Heart rate 

Extraction Method: Principal Component Analysis.  
Rotation Method: Varimax with Kaiser Normalization. 

Rotation converged in 3 iterations. a.  
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Figure Captions 

 

Figure 1. Time line of data collection and intervention components. 

 

Figure 2. Percent of intervals with disruptive behavior by treatment phase. 

 

Figure 3. Factor analysis with imputed data rotated plot. 

 

Figure 4. Repeated measures ANOVA from imputed data with pretreatment and 

combined treatment effects. 

 

Figure 5. Disruptive behavior means from three phase repeated measures ANOVA 

imputed data 
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Figure 1 
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Figure 2 
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Figure 3  
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Figure 5  
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Appendix A: Relaxation instructions 

Metaphorical Relaxation Instructions 
 (Heffner et al 2003 adapted from Koeppen, A. S. (1974). 

 

Lemon. Pretend you have a lemon in your hand. Now squeeze it hard. 

Try to squeeze all the juice out of it. Feel how it hurts your hand as you 

squeeze the lemon. Now drop the lemon. Notice how good your hand 

feels now. Now, let‘s squeeze another lemon. This time squeeze harder 

than before. That‘s right. Real hard. Now drop the lemon and relax. See 

how good your hand feels when it‘s relaxed. Again, let‘s squeeze the 

lemon. Squeeze all the juice out of it. Squeeze hard. Good. Now let the 

lemon fall down. Relax. 

 

Cat. Now pretend you‘re a fat, lazy cat. You want to stretch your 

arms out in front of you. Raise them high over your head. Way back. 

Feel how it hurts on your shoulders. Stretch higher, Little Kitty. Now 

just let your arms drop back to your side. Okay, stretch again like a lazy 

cat. Stretch your arms out in front of you. Raise them over your head. 

Pull them back, way back. Pull hard, Kitty. Now let them drop quickly. 

Good. Notice how good your shoulders feel now. This time let‘s be a really 

big cat and have a great big stretch. Try to touch the ceiling. Notice 

how it hurts and pulls. Hold tight now. Great. Let your arms drop. Feel 

how good it is to be relaxed. It feels good and warm. 

 

Turtle. Now pretend you are a turtle. You‘re sitting out on a rock by a 

nice, peaceful pond. Relaxing in the warm sun. It feels nice and warm 

and safe here. Oh-oh! You are scared now. Pull your head into your 

shell. Try to pull your shoulders up to your ears and push your head 

down into your shoulders. Hold it tight. It isn‘t easy to be a turtle in a 

shell. The danger is past now. You can come out and once again relax 

and feel the warm sunshine. Watch out now! More Danger. Hurry, pull 

your head back into your house and hold it tight. You have to be closed 

in tight to protect yourself. Okay. Relax now. Bring your head out and 

let your shoulders relax. Notice how much better it feels to be relaxed 

than to be all tight. One more time, now. Danger! Pull your head in. 

Push your shoulders way up to your ears and hold tight. Don‘t let even a 

tiny piece of head show outside your shell. Stay tight. Your neck and 

shoulders hurt. Okay. Now, come out. It‘s safe again. Relax and feel good. 

 

Jawbreaker. Pretend you have a jawbreaker candy in your mouth. 

It‘s hard to chew. Bite down on it. Hard! Now relax. Stop biting on that 

candy. Notice how good your mouth feels. Okay. Let‘s bite on that jawbreaker 

again. Bite down. Hard! That‘s good. You‘re really tearing that 

candy up. Now relax again. Just let your jaw drop. It feels so good to just 

let go and not have to bite on the jawbreaker. Okay. One more time. 

We‘re going to tear up that jawbreaker. Hard as you can. Harder. Good. 

Now relax. You‘ve beaten the jawbreaker. Let yourself go as loose as you can. 

 

Literal Instructions 
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(Heffner et. al. 2003) 

 

Hand. Make a fist with one hand. Now squeeze it hard. Try to squeeze 

as hard as you can. Feel how it hurts your hand when you squeeze it. Now 

let go. Notice how good your hand feels now. Now, let‘s squeeze your fist 

again. This time squeeze harder than before. That‘s right. Real hard. Now 

let go and relax. See how good your hand feels when it‘s relaxed. Again, 

let‘s squeeze your fist. Squeeze as hard as you can. Squeeze hard. Good. 

Now let go. Relax. (Repeat for other hand.) 

 

Arms. Now we‘re going to work on arms. This time, you want to stretch 

your arms out in front of you. Raise them high over your head. Way back. 

Feel how it hurts on your shoulders. Stretch higher. Now just let your 

arms drop back to your side. Okay, stretch again like before. Stretch your 

arms out in front of you. Raise them over your head. Pull them back, way 

back. Pull hard. Now let them drop quickly. Good. Notice how good your 

shoulders feel now. This time let‘s work really hard and have a great big 

stretch. Try to touch the ceiling. Notice how it hurts and pulls. Hold tight 

now. Great. Let your arms drop. Feel how good it is to be relaxed. It feels 

good and warm. 

 

Shoulders. Now let‘s move to your neck. Keep lying on your mat. Nice 

and peaceful mat. Relax in the warm room. It feels nice and warm and 

safe here. Okay. It‘s time to start now. Pull your head into your chest. 

Try to pull your shoulders up to your ears and push your head down into 

your shoulders. Hold it tight. It isn‘t easy to be lying like this. Okay stop 

pulling now. You can let go and once again relax and feel the warm 

room. Get ready now! One more time. Hurry, pull your head back into 

your chest and hold it tight. You have to be closed in tight this time. 

Okay. Relax now. Bring your head out and let your shoulders relax. Notice 

how much better it feels to be relaxed than to be all tight. One more 

time, now. Danger! Pull your head in. Push your shoulders way up to 

your ears and hold tight. Don‘t let even a tiny piece of head come out of 

there. Stay tight. Your neck and shoulders hurt. Okay. Now, come out. 

It‘s safe again. Relax and feel good. 

 

Jaw. Now let‘s work on your jaw and mouth. Squeeze your teeth hard 

and bite down on them. Hard! Now relax. Stop squeezing your teeth. Notice 

how good your mouth feels. Okay. Let‘s squeeze on your teeth again. 

Bite down. Hard! That‘s good. You‘re really squeezing your teeth good. 

Now relax again. Just let your jaw drop. It feels so good to just let go and 

not have to squeeze on your teeth. Okay. One more time. We‘re going to 

bite down really hard. Hard as you can. Harder. Good. Now relax. You won at this 

game 
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Appendix B 

Relaxation Intervention implementation checklist 

Date______________ Rater:_______________ 

 

Time relaxation began ______________  Time Ended__________________ 

 

_______# of children present in classroom _______# Children participating in 

relaxation 

 

Body parts completed this session circle all completed: 

(hand, arms, shoulders, jaw) OR (lemon, cat, turtle, jawbreaker) 

 

_______# times relaxation performed in this classroom this week 

 

Ratings: 

For each item below, circle a rating between 1 (Poor) to 5 (Excellent) 

 

 

1. Pacing: Instructions read slowly enough for children to complete each action. 

 

1  2  3  4  5   
Poor--------------------------------------------------------------------------------Excellent 

 

 

 

2. Demonstration: Teacher or aide demonstrates correct motions 

 

1  2  3  4  5  
Poor--------------------------------------------------------------------------------Excellent 

 

 

3. Instruction: Children who do not perform described motions are shown correct 

motion. 

 

1  2  3  4  5  
Poor--------------------------------------------------------------------------------Excellent 

 

 

4. Atmosphere: Calm reassuring atmosphere is created in the classroom (dim lights,  

children seated or lying down) 

 

1  2  3  4  5  
Poor--------------------------------------------------------------------------------Excellent 
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Appendix C 

CONSENT FORM 

Relaxation and social skills interventions: Reuben Lindh Family Services 

 

Your child is invited to be part of a study of ways to increase positive play skills and 

social interactions between preschool children.  The study is being done at your child‘s 

school program but you do not have to participate.  The study will test a set of lessons 

to teach your child to relax at the start of the school day. It will also test some lessons 

on how to play better with other children.  As part of the study, we would like to have 

your child‘s teacher fill out some rating scales to see how the relaxation and play skills 

lessons are working. We would also like to observe your child in school.  You were 

invited to be in the study because your child goes to the Reuben Lindh MultiCultural 

Preschool Program.  We ask that you read this form and ask any questions you have 

before agreeing to have your child in the study. 

 

This project is being conducted by: John Hoch, a doctoral student who is supervised by 

Frank Symons in the Department of Educational Psychology at the University of 

Minnesota.   

 

Background Information 

 

We are hoping to learn how a 4 week relaxation lesson and play skills instruction might 

improve classroom behavior.  The lessons will take about 15 minutes each day  

 

Procedures: 

 

The play skills lessons will focus on learning social skills for getting along well with 

others.  The relaxation program will be 10 minute calm stories and exercises teaching 

your child to calm him/herself down. 

 

The effect of heart rate and stress hormones (the chemicals our bodies make when we 

are stressed).  Other studies have shown that heart rate and stress hormones change 

how we act.  Heart rate and stress hormones will be measured from each child in the 

study.  At the end of the study, we will look at how heart rate and stress hormones 

influence how children respond to our relaxation and play skills lessons.  

 

When we collect heart rate from children, they will go into the hallway with a same-sex 

researcher or school staff member.  Your child will raise his/her own shirt and the staff 

will put an elastic belt around your child‘s chest. A small device on the belt will send 

heart rate information to the investigators without wires, so the belt will not get in the 

way of your child‘s movement.  There is latex on the heart rate monitor, and it will not 

work if your child has a cardiac implant.   Please inform us by checking the boxes 
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below if your child has an allergy to latex or if he or she has a cardiac implant.  Your 

child will wear the strap for up to half an hour.  

 

While he/she has the belt on, your child will go to a conference room to watch  short (2 

minute) video clips.  One video clip shows a group of boys crossing a train bridge 

before a train comes, another shows some children with lizards crawling on them.  In 

all the videos the kids are safe at the end.  Before and after these videos we will show 

calm and happy videos. These videos have been used with lots of children your child‘s 

age in other studies.  The heart rate data will be recorded on a computer and then we 

will see how your child‘s heart rate is different between the scary and happy videos. 

Stress hormones will be measured by collecting saliva (spit) when your child gets to 

school for 3 days during the first week of the study. Researchers and your child‘s 

teachers will collect the saliva ina group activity called ‗The Tasting Game.‘Children 

will dip a short sterile rope (like a dentist would use) in Kool-Aid powder.  The 

children will chew on the ropeuntil it is soaked with saliva.  The children will help 

squeeze the saliva out of the rope with plungers into plastic containers.  The 

researchers will send the saliva to a lab where they will measure the stress hormones in 

the spit.  The lab will not know who your child is.  After they measure the hormones 

they will throw away the spit sample so no other studies can use the saliva. 
 

Children’s daily use of social skills and relaxation.  This study will also test whether 

relaxation and social skills instruction improve disruptive behavior.  Students will be 

observed by researchers during their usual school activities to. 

 

Teacher rating scale questions. The study will use short rating scales to ask teachers 

about how much anxiety your child has and how he/she plays with other kids.  An 

example question from the anxiety rating scale is: ―When I feel frightened it is hard to 

breathe‖.   The behavior rating scale has questions like: ―This child threatens or bullies 

other children to get his or her way.‖  Another scale has questions like, ―Can‘t stand 

waiting, wants everything now‖.  Each of the scales has the teacher choose how true 

these sentences are about the child. 

 

Risks and Benefits of the Study 

 

We believe that there are few risks from your child‘s involvement in this study.  There 

is a small chance that information from your child‘s performance on the rating scales or 

other measurements will not be kept private. We will follow the procedures described 

below to protect you and your child‘s confidentiality. 

 

There are no direct benefits from participating in this study, but what we learn about 

relaxation and play skills lessons might help other children in the future  

 

Compensation: 
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There is no payment for being in this study. 

 

Confidentiality: 

 

We will work to keep the personal information on your child in our research records 

private and confidential, but absolute confidentiality cannot be guaranteed. Your 

personal information may be disclosed if required by law.  For example, if we saw 

signs of child abuse while putting the belt on your child we would have to report this. 

  

All records from this project will be kept in a locked file drawer in the project office 

and will only be available to the research staff. Your child will not be identified by 

name. Instead he/she will get an identification number. Any presentations or discussion 

of the results from the study will use the identification numbers. You will be able to see 

the results of the study at the end of the project. 

 

 

 

 

Voluntary Nature of the Study: 

 

Participation in this study is voluntary. Your decision to have your child participate or 

not will not affect your or your child‘s current or future relations with the University of 

Minnesota or Reuben Lindh Family Services.  If you decide to have your child 

participate, he/she may withdraw from the study at any time without affecting his/her 

relationship with his/her teacher or the Reuben Lindh program. 

 

Contacts and Questions: 

 

The researcher conducting this study is: John Hoch, supervised by Frank Symons. You 

may ask any questions you have now. If you have questions later, you are encouraged 

to contact either researcher.  John Hoch can be reached at (612) 624-5241 or at 

hoch0048@umn.edu . John‘s office is at 227 Burton Hall, 178 Pillsbury Dr. SE on the 

Minneapolis Campus of the University of Minnesota.  Frank Symons can be reached at 

(612) 626-8697 or symon007@umn.edu, his office is at 238 Burton Hall. 

 

If you have any questions or concerns regarding this study and would like to talk to 

someone other than the researcher(s), you are encouraged to contact the Research 

Subjects‘ Advocate Line, D528 Mayo, 420 Delaware St. Southeast, Minneapolis, 

Minnesota 55455; (612) 625-1650. 

 

You will be given a copy of this information to keep for your records. 
 

mailto:symon007@umn.edu
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Statement of Consent: 
 

I have read the above information. I have asked questions and have received answers:  

 

               I give my consent and agree to have my child to participate in the study, 

including the following (please initial each item): 

____observations of my child by researchers 

____heart rate monitoring  

____saliva collection 

____showing short videos of children in a scary situation 

____have my child‘s teacher complete behavior checklists and an anxiety 

checklist. 

 

 

               I do not give my consent and do not agree to have my child participate in the 

study. 

 

_______My child has a latex allergy. 

 

_______My child does not have a latex allergy. 

 

_______My child has a cardiac implant (such as a pacemaker or other surgically 

attached devices). 

 

_______My child does not have a cardiac implant. 

 

 

Name of my child:       

 

Name of parent or guardian providing consent: 

______________________________________ 
 

Signature of Parent or Guardian:_____________________________________ Date:

   

 

Signature of Investigator:              Date: 

__________ 
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Appendix D: behavioral observation coding instructions 

 

 

Coding instructions for Reuben Lindh Study. 
 

Overview: 

 

For this study we will be using a scan sample/partial interval coding system.  Our goal 

is to capture an estimate of both the rate and duration of disruptive behavior in the 

classroom.  The coded rates of disruption and aggression will be the primary dependent 

variable for the study.  We will not be preserving sequences in this coding system, and 

we are primarily interested in maximizing the chances of capturing any occurrences of 

problem behavior that occur. 

 

Keep in mind that one of our goals is to disrupt the ‗natural‘ classroom environment as 

little as possible. To do this, it is important that you are not interesting to the children.  

Minimize all interactions with children at the center, if they approach you may say, 

‗I‘m busy working now.‘ And return to coding.  Usually after one or two approaches 

children will be bored with your presence and return to playing. 

 

General information: 

Reuben Lindh provides preschool and home visitor services for children who are at risk 

or have experienced abuse/neglect, poverty, familial substance abuse etc.  Children in 

the program are bused from around Minneapolis to attend the program.  While at the 

program, many receive counseling and mental health services. The staff and children 

represent most of the ethnic groups in the Twin Cities which is rarely seen in this type 

of organization. 

 

The program is becoming interested in research and this is one of the first studies they 

have participated in.  Your professionalism and cooperation with teachers at the site 

will help convince them to continue participating in research!   

 

Remember that we are trying to create an ongoing partnership with this organization 

and these teachers; their comfort with the project always trumps our schedule.  If they 

prefer that you do not observe at a particular time, please honor their wishes.  If a child 

decides to stop participating in the study or tells you to stop watching him/her please 

also honor this request. 

 

Protecting Privacy: 

In any research study, protecting privacy is important, but given the family histories 

and nature of the services provided at this program it is absolutely essential that you 

protect the identities of the children in the program!  Do not mention names of children 

to anyone; do not carry anything with children‘s names offsite. 



102  

 

Coding Instructions: 

 

When you arrive at the site, check in with each teacher.  Find out which children are 

absent and familiarize yourself with the children‘s faces, names and ID numbers.  You 

may mark names on the data sheet as long as they are completely erased before you 

leave the site.  Enter the children‘s ID numbers in a random order on the observation 

sheet (so each child does not always get observed at the beginning of each session or 

the end...)  Be sure to check with teachers which children may be leaving the room for 

services during the day and make sure you can observe them before they leave or after 

they return.  If a child is absent, please let me know and I will have other observers 

‗double up‘ on observations of this child other days.  If a child will be leaving for most 

of the time, you may increase the number of observations of this child until he/she 

leaves (do all your time on this child first etc.)   

 

You can code during any classroom activity or on the playground/large motor room 

etc.  Do not code during snack.   

 

You will be using either a repeating stopwatch or a beeping CD or MP3 track with 

beeps every 10 seconds.  The beep closes out the observation interval.  If a problem 

behavior occurs between the two beeps, mark it on your coding sheet.  Any number of 

occurrences may happen during the interval but are only coded once.  If a behavior 

happens as the beep occurs, mark it in the next interval. 

 

While you are coding, if you see aggression or disruptive behavior occurring with 

another study participant, finish the 10 second interval with the current child and 

switch to the aggressive/disruptive child until the full observation time for that child 

has ended.  Then return to the child who was interrupted and continue working your 

way through the scan.  If aggression/disruption is occurring for several children in the 

study, choose the one who would be soonest in your coding order.  If you are coding in 

a large room or when children are split across rooms, only switch to code 

aggression/disruption if it occurs in the same room or adjacent  

 

Code Definitions: 

 

The definitions are provided to guide your coding decisions.  Try to follow the 

definition rather than using your own interpretations.  It is better to ‗miss something‘ 

that doesn‘t fit the definition than to include something that is not in the definitions.  

There will be lots of variation in the rates of behavior we see in children of this age, we 

are hoping to minimize the variability in coding by having a simple coding system and 

sticking to the definition.  Once the study has begun, we cannot make major changes to 

the definitions.  Coding can be customized for observing children of different language 

backgrounds etc. 
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Aggressive Behavior:  Physical contact with a peer that either moves the peer or the 

contact is audible OR throwing an object that makes physical contact with a peer OR 

any instance of hitting other child with object, or closed hand (whether or not it moves 

child or makes noise) OR any instance of spitting on another child OR threatening or 

menacing with object (scissors, heavy item) . 

Examples: hitting, pushing, kicking, forcibly taking (or trying to take) items or 

something that is in peer‘s possession or that peer is playing with such that peer 

provides visible resistance to the taking of the item. Holding scissors near face of other 

child. Grabbing other child‘s arm or hand and pulling the other child. 

 Nonexamples: 

 Rough and tumble play: when in an appropriate setting—large motor area etc., 

two or more children may push or tackle each other this is NOT coded as aggression if 

the target child is laughing or smiling during the play.  As soon as affect changes to 

crying or sad face then code the next occurrence as aggression. 

 

Disruptive behavior: Yelling or loud noises that are louder than ambient noise of 

classroom.  Name calling. Taunts (tongue stuck out), Destruction of other child‘s toy, 

artwork, building accompanied by angry affect.  Hitting walls or floor, throwing 

objects that don‘t hit anyone.  Pounding objects, tearing objects. Climbing on chairs or 

desks (feet on the desk or chair, not kneeling), overturning chairs or desks.  Taking 

other child‘s play items when other child is not holding them.  Running indoors, 

leaving circle time/area.  Playing with other toys during teacher led activity. 

Nonexamples: 

Any of these behaviors as part of classroom activity or teacher led activity. Destruction 

of other child‘s sand building etc. if both children are playing as game.   

 

 

When you are done coding for the day: 

Return your coding sheets (DATED and with Teacher names on BOTH pages) to the 

case at the front desk. Put the child picture sheets and the participant list in the folder 

and return the stopwatch to the case (if used).  Update the number of times observed 

for each child on the weekly tally sheet and leave notes on this sheet for other 

observers if there is anything you need to pass on. 

 

Questions?/Problems? 

 Onsite, the primary contact persons are xx (Teacher Supervisor) and xx 

(Program Director).  Be sure to report any unusual behavior or interactions with 

students to either of these people and to me as soon as you can.  

 

Any questions or problems don‘t hesitate to call me at: 

 

Cell: x 

Home: x 

Email: x 

 

mailto:hoch0048@umn.edu
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!!!!!!THANKS AGAIN FOR YOUR HELP!!!!! 
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Appendix E Weekly Behavior Report Card Questions 

 

Directions: Review each of the items below. For each item, rate how often the child 

showed these behaviors this week. 

 

1. This child appeared relaxed, with little sign of anxiety or fear at being in 

school. (Circle percentage of time the student showed this behavior out of total 

opportunities to engage in it 0%-100%) 

2. This child accepted corrective feedback from staff without emotionally 

withdrawing, becoming angry or making negative comments.  

(Circle percentage of time the student showed this behavior out of total 

opportunities to engage in it 0%-100%) 

3. This child was aggressive toward other students and staff.  

(Circle percentage of time the student showed this behavior out of total 

opportunities to engage in it 0%-100%) 

4. This child disrupted the classroom environment.  

(Circle percentage of time the student showed this behavior out of total 

opportunities to engage in it. 0%-100%) 

Definitions for Aggression and disruption: 

 

Aggression: Pushing, hitting, kicking, slapping, throwing objects at other children or 

teachers, threatening, spitting. Do not count if children are pushing, hitting etc. as part 

of play (both children are happy) 

Disruption: Yelling, loud noise in classroom.  Taunts, destruction of other child‘s play 

(art, buildings etc), throwing objects that do not hit others, grabbing play items from 

other children. Climbing on or overturning classroom furniture, Running in classroom. 

Playing with objects during circle time or while directions are being given. 
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Appendix F: Teacher‘s Checklist Questions 

 

Adaptation of Dodge & Coie (1987) Downloaded from Fast Track Project: 

http://childandfamilypolicy.duke.edu/fasttrack/techrept/t/tcl/ 

For each of the six statements please fill in the oval that best applies to this child. 

"Never True" (0), "Rarely True" (1), "Sometimes True" (2), "Usually True" (3), and 

"Almost Always True" (4) 

1. When this child has been threatened or teased he or she gets angry and strikes back. 

2. This child always claims that other children are to blame in a fight and feels that they 

started the trouble. 

3. When a peer accidently hurts this child (such as by bumping into him or her), this child 

assumes that the peer meant to do it, and then overreacts with anger/fighting 

4. This child gets other kids to gang up on a peer that he or she does not like 

5. This child uses physical force (or threatens to use force) in order to dominate other 

kids. 

6. This child threatens or bullies others in order to get his or her own way. 

http://childandfamilypolicy.duke.edu/fasttrack/techrept/t/tcl/
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Appendix G: SELF-REPORT FOR CHILDHOOD ANXIETY RELATED 

DISORDERS (SCARED) CHILD FORM QUESTIONS 

 

Below is a list of items that describe how people feel. For each item that describes you, 

please circle the 2 if the item is very true or often true of you. Circle the 1 if the item is 

somewhat or sometimes true of you. If the item is not true of you, please circle the 0. 

Please answer all items as well as you can, even if some do not seem to concern you. 

 

1. When I feel frightened, it is hard to breathe. 

2. I get headaches when I am at school. 

3. I don‘t like to be with people I don‘t know well. 

4. I get scared if I sleep away from home. 

5. I worry about other people liking me. 

6. When I get frightened, I feel like passing out. 

7. I am nervous. 

8. I follow my mother or father wherever they go. 

9. People tell me that I look nervous. 

10. I feel nervous with people I don‘t know well. 

11. I get stomach aches at school. 

12. When I get frightened, I feel like I am going crazy. 

13. I worry about sleeping alone. 

14. I worry about being as good as other kids. 

15. When I get frightened, I feel like things are not real. 

16. I have nightmares about something bad happening to my parents. 

17. I worry about going to school. 

18. When I get frightened, my heart beats fast. 

19. I get shaky. 

20. I have nightmares about something bad happening to me. 

21. I worry about things working out for me. 

22. When I get frightened, I sweat a lot. 

23. I am a worrier. 

24. I get really frightened for no reason at all. 

25. I am afraid to be alone in the house. 

26. It is hard for me to talk with people I don‘t know well. 

27. When I get frightened, I feel like I am choking. 

28. People tell me that I worry too much. 

29. I do not like to be away from my family. 

30. I am afraid of having anxiety (or panic) attacks. 

31. I worry that something bad might happen to my parents. 

32. I feel shy with people I don‘t know well. 

33. I worry about what is going to happen in the future. 

34. When I get frightened, I feel like throwing up. 

35. I worry about how well I do things. 

36. I am scared to go to school. 

37. I worry about things that have already happened. 
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38. When I get frightened, I feel dizzy. 

39. I feel nervous when I am with other children or adults and I have to do something 

while they watch me (for example: read aloud, speak, play a game, play a sport). 

40. I feel nervous about going to parties, dances, or any place where there will be 

people that I don‘t know well. 

41. I am shy. 

 

Scoring:  

 

A total score of >=25 may indicate the presence of an Anxiety Disorder.   

 

Scores higher than 30 are more specific.   

 

A score 7 for items 1,6,9,12,15,18,19,22,24,27,30,34,38 may indicate Panic Disorder 

or Significant Somatic Symptoms. 

 

A score of 9 for items 5,7,14,21,23,28,33,35,37 may indicate Generalized Anxiety 

Disorder. 

 

A score of 5 for items 4,8,13,16,20,25,29,31 may indicate Separation Anxiety 

Disorder. 

 

A score of 8 for items 3,10,26,32,39,40,41 may indicate Social Anxiety Disorder. 

 

A score of 3 for items 2,11,17,36 may indicate Significant School Avoidance. 

 

*For children ages 8 to 11, it is recommended that the clinician explain all questions, or 

have the child answer the questionnaire sitting with an adult in case they have any 

questions. 

 

Developed by Boris Birmaher, M.D., Suneeta Khetarpal, M.D., Marlane Cully, M.Ed., 

David A. Brent, M.D., and Sandra McKenzie, Ph.D., Western Psychiatric Institute and 

Clinic, University of Pgh. (10/95). Email: birmaherb@msx.upmc.edu
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Appendix H. Photo of heart rate collection equipment, stuffed animal and children‘s 

book used for assessing assent. 
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Appendix I. Missing data report 

 

Percentages are based on original recruitment numbers of 32 not adjusted for attrition. 

 
           NUMBER MISSING   % MISSING 

cbclintT            8          25.00 

cbclextT            8          25.00 

cbcltota            8          25.00 

SCAREDov           11          34.38 

wk1meano            1           3.13 

wk1meano            1           3.13 

wk2meano            3           9.38 

wk2meano            3           9.38 

pretxmea            1           3.13 

pretxmea            1           3.13 

pretxmea            1           3.13 

tx1meand            5          15.63 

tx1meana            5          15.63 

tx1aggdi            5          15.63 

tx2meand            8          25.00 

tx2meana            8          25.00 

tx3meand           19          59.38 

tx3meana           19          59.38 

txcombme            1           3.13 

txcombme            1           3.13 

txcombag            1           3.13 

wk3mdis             1           3.13 

wk3meano            1           3.13 

wk4mdis            10          31.25 

wk4meano           10          31.25 

wk5mdis             6          18.75 

wk5meano            6          18.75 

wk6mdis             6          18.75 

wk6meano            6          18.75 

wk7mdis            10          31.25 

wk7meano           10          31.25 

wk8mdis            11          34.38 

wk8meano           11          34.38 

wk9mdis            11          34.38 

wk9meano           11          34.38 

wk10mdis            9          28.13 

wk10mean            9          28.13 

wk11mdis           11          34.38 

wk11mean           11          34.38 

wk12mdis           10          31.25 

wk12mean           10          31.25 

behrat2J            2           6.25 

behrat2c            2           6.25 

behrat2a            2           6.25 

behrat2d            2           6.25 

behrat3J            1           3.13 

behrat3c            1           3.13 
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behrat3a            1           3.13 

behrat3d            1           3.13 

behrat4r           10          31.25 

behrat4c           10          31.25 

behrat4a           10          31.25 

behrat4d           10          31.25 

behrat5r           11          34.38 

behrat5c           11          34.38 

behrat5a           11          34.38 

behrat5d           11          34.38 

behrat6r            7          21.88 

behrat6c            7          21.88 

behrat6a            7          21.88 

behrat6d            7          21.88 

behrat7r           22          68.75 

behrat7c           22          68.75 

behrat7a           22          68.75 

behrat7d           22          68.75 

behrat8r           12          37.50 

behrat8c           12          37.50 

behrat8a           12          37.50 

behrat8d           12          37.50 

behrat10           19          59.38 

behrat10           19          59.38 

behrat10           19          59.38 

behrat10           19          59.38 

restingH           15          46.88 

restingH           15          46.88 

restingm            0           0.00 

restingm            0           0.00 

scaryHRV            0           0.00 

scaryHRm            0           0.00 

Scarymea            0           0.00 

scarymea            0           0.00 

snowtrai            0           0.00 

snowtrai            0           0.00 

holebill            1           3.13 

holebill            2           6.25 

restingH            0           0.00 

restingH            0           0.00 

scaryHRV            0           0.00 

scaryHRt            0           0.00 

scaryHRV            1           3.13 

scaryHRh            1           3.13 

lilbillH            2           6.25 

lillbill            2           6.25 

postHR             23          71.88 

PostHRV            23          71.88 

cort1               0           0.00 

cort2               2           6.25 

cort3               7          21.88 
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Appendix J. Imputed data sample graphs from behavior rating imputation 
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Appendix K Factor Analyses outputs 

Factor Analysis of all variables from imputed data set 
 

KMO and Bartlett's Test

.657

228.810

78

.000

Kaiser-Meyer-Olkin Measure of Sampling

Adequacy.

Approx. Chi-Square

df

Sig.

Bartlett's Test of

Sphericity

 
 

Total Variance Explained

4.755 36.578 36.578 4.755 36.578 36.578 4.217 32.440 32.440

1.849 14.225 50.804 1.849 14.225 50.804 2.387 18.364 50.804

1.639 12.604 63.408

1.166 8.972 72.380

.959 7.373 79.754

.918 7.060 86.813

.514 3.951 90.764

.453 3.484 94.249

.312 2.404 96.652

.178 1.367 98.019

.125 .965 98.984

.080 .617 99.601

.052 .399 100.000

Component

1

2

3

4

5

6

7

8

9

10

11

12

13

Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings

Extraction Method: Principal Component Analysis.
 

 

Component Number
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Scree Plot
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Component Matrixa

.904 -.278

.890 -.278

.823 .151

-.816 .331

-.802 .326

.629 .188

.497 .298

.353 .209

.170 .149

.284 .651

 -.602

.364 .539

.386 .435

BRDIS2

BRAGG2

CBCLEXTT.1.00

BRCOR2

BRTRLX2

trfreac

CBCLINTT

SCAREDOV.1.00

trfpro

scrrsthr

scrrsthrv

CBCLTOTA.1.00

cortlogmean

1 2

Component

Extraction Method: Principal Component Analysis.

2 components extracted.a. 

 
 

Rotated Component Matrixa

.936 .138

.924 .132

-.879  

-.864  

.678 .491

.487 .440

 .709

 .643

.161 .559

.270 -.538

.320 .483

.229 .341

 .208

BRDIS2

BRAGG2

BRCOR2

BRTRLX2

CBCLEXTT.1.00

trfreac

scrrsthr

CBCLTOTA.1.00

cortlogmean

scrrsthrv

CBCLINTT

SCAREDOV.1.00

trfpro

1 2

Component

Extraction Method: Principal Component Analysis. 

Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 3 iterations.a. 
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Factor analysis with only ratings 

KMO and Bartlett's Test

.577

70.059

21

.000

Kaiser-Meyer-Olkin Measure of Sampling

Adequacy.

Approx. Chi-Square

df

Sig.

Bartlett's Test of

Sphericity

 

 
 

 

Component Number
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0.0

Scree Plot
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Component Matrixa

.823 .167

.793 -.488

.760 -.160

.578 .194

.383 .645

.467 .628

.500 -.563

trfreac

CBCLEXTT.1.00

braggdismean

CBCLINTT

trfpro

SCAREDOV.1.00

CBCLTOTA.1.00

1 2

Component

Extraction Method: Principal Component Analysis.

2 components extracted.a. 

 
 

Rotated Component Matrixa

.928  

.736 -.157

.707 .321

 .782

 .747

.564 .622

.351 .499

CBCLEXTT.1.00

CBCLTOTA.1.00

braggdismean

SCAREDOV.1.00

trfpro

trfreac

CBCLINTT

1 2

Component

Extraction Method: Principal Component Analysis. 

Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 3 iterations.a. 

 
 
Factor analysis with only physiology measures 
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Component Number

7654321

E
ig

e
n

v
a
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e

3

2

1

0

Scree Plot

 

Component Matrixa

.919  

-.841  

.767 -.409

.627 .461

-.478 .770

-.499 -.762

.302 .308

scrhr

scrhrv

rsthr

scrrsthr

rsthrv

scrrsthrv

cortlogmean

1 2

Component

Extraction Method: Principal Component Analysis.

2 components extracted.a. 
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Rotated Component Matrixa

.859 .134

-.845 .328

.784 .486

-.675 -.501

 -.909

.224 .745

 .428

rsthr

rsthrv

scrhr

scrhrv

scrrsthrv

scrrsthr

cortlogmean

1 2

Component

Extraction Method: Principal Component Analysis. 

Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 3 iterations.a. 
 

Component 1

1.00.50.0-0.5-1.0

C
o

m
p

o
n

e
n

t 
2

1.0

0.5

0.0

-0.5

-1.0

BRAGG2

BRDIS2

BRCOR2

BRTRLX2

cortlogmean

scrrsthr

scrrsthrv

trfreac

trfpro

SCAREDOV.1.00

CBCLTOTA.1.00
CBCLEXTT.1.00

CBCLINTT

Component Plot in Rotated Space

 

Final factor analysis 

KMO and Bartlett's Test

.557

25.883

15

.039

Kaiser-Meyer-Olkin Measure of Sampling

Adequacy.

Approx. Chi-Square

df

Sig.

Bartlett's Test of

Sphericity

 
 
 

 



119  

Component Number

654321

E
ig

e
n

v
a
lu

e

2.0

1.5

1.0

0.5

Scree Plot

 
 

 

 
 
 
Unimputed data  

KMO and Bartlett's Test

.593

77.013

36

.000

Kaiser-Meyer-Olkin Measure of Sampling

Adequacy.

Approx. Chi-Square

df

Sig.

Bartlett's Test of

Sphericity
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Component Matrixa

.847  

.843  

-.777 -.229

.747 .156

.511 .467

.417  

.159  

-.180 .880

.262 -.827

behrat2 disrupt

cbclextT

brrtrlxmean

trfreac

cbclintT

logcort123mean

trfpro

restingmeanhrv

restingmeanHR

1 2

Component

Extraction Method: Principal Component Analysis.

2 components extracted.a. 
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Rotated Component Matrixa

.828 .198

.825 .192

-.800 .124

.761  

.569 -.395

.409  

.153  

 -.896

.150 .855

behrat2 disrupt

cbclextT

brrtrlxmean

trfreac

cbclintT

logcort123mean

trfpro

restingmeanhrv

restingmeanHR

1 2

Component

Extraction Method: Principal Component Analysis. 

Rotation Method: Varimax with Kaiser Normalization.

Rotation converged in 3 iterations.a. 

 
 

Component 1

1.00.50.0-0.5-1.0

C
o

m
p

o
n

e
n

t 
2

1.0

0.5

0.0

-0.5

-1.0

trfreac

trfpro behrat2disrupt
brrtrlxmean

logcort123mean

restingmeanHR

restingmeanhrv

cbclextT

cbclintT

Component Plot in Rotated Space no data imputation
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Appendix L: Linear mixed modeling output 

 

Mixed Model Analysis—Diagonal covariance structure 
 
 

Model Dimensiona

1 1

3 2

12 Diagonal 12 Number 32

16 15

Intercept

txwk

Fixed Effects

Index1Repeated Effects

Total

Number

of Levels

Covariance

Structure

Number of

Parameters

Subject

Variables

Number of

Subjects

Dependent Variable: dis.a. 

 
 

Information Criteriaa

-1520.212

-1496.212

-1495.312

-1437.578

-1449.578

-2 Restricted Log

Likelihood

Akaike's Information

Criterion (AIC)

Hurvich and Tsai's

Criterion (AICC)

Bozdogan's Criterion

(CAIC)

Schwarz's Bayesian

Criterion (BIC)

The information criteria are displayed in smaller-is-better forms.

Dependent Variable: dis.a. 

 
 
 

Type III Tests of Fixed Effectsa

1 246.510 149.855 .000

2 246.548 .670 .513

Source

Intercept

txwk

Numerator df

Denominator

df F Sig.

Dependent Variable: dis.a. 
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1. Grand Meana

.016 .001 246.510 .013 .018

Mean Std. Error df Lower Bound Upper Bound

95% Confidence Interval

Dependent Variable: dis.a. 

 
 

Estimatesa

.017 .002 117.235 .012 .021

.014 .002 152.504 .009 .018

.017 .002 233.024 .013 .021

txwk

0

1

2

Mean Std. Error df Lower Bound Upper Bound

95% Confidence Interval

Dependent Variable: dis.a. 

 
 

Pairwise Comparisonsb

.003 .003 242.854 .750 -.005 .011

.000 .003 194.094 .999 -.008 .007

-.003 .003 242.854 .750 -.011 .005

-.003 .003 199.823 .633 -.011 .004

.000 .003 194.094 .999 -.007 .008

.003 .003 199.823 .633 -.004 .011

(J) txwk

1

2

0

2

0

1

(I) txwk

0

1

2

Mean

Difference

(I-J) Std. Error df Sig.
a

Lower Bound Upper Bound

95% Confidence Interval for

Difference
a

Based on estimated marginal means

Adjustment for multiple comparisons: Sidak.a. 

Dependent Variable: dis.b. 

 
 

Univariate Testsa

2 191.432 .670 .513

Numerator df

Denominator

df F Sig.

The F tests the effect of txwk. This test is based on the

linearly independent pairwise comparisons among the

estimated marginal means.

Dependent Variable: dis.a. 
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Mixed Model Analysis—Autoregressive model 
 

Model Dimensiona

1 1

3 2

12

First-Order

Autoregressi

ve

2 Number 32

16 5

Intercept

txwk

Fixed Effects

Index1Repeated Effects

Total

Number

of Levels

Covariance

Structure

Number of

Parameters

Subject

Variables

Number of

Subjects

Dependent Variable: dis.a. 

 
 

Information Criteriaa

-1411.032

-1407.032

-1406.999

-1397.260

-1399.260

-2 Restricted Log

Likelihood

Akaike's Information

Criterion (AIC)

Hurvich and Tsai's

Criterion (AICC)

Bozdogan's Criterion

(CAIC)

Schwarz's Bayesian

Criterion (BIC)

The information criteria are displayed in smaller-is-better forms.

Dependent Variable: dis.a. 

 
 

Fixed Effects 
 

Type III Tests of Fixed Effectsa

1 63.425 70.153 .000

2 264.768 3.930 .021

Source

Intercept

txwk

Numerator df

Denominator

df F Sig.

Dependent Variable: dis.a. 
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Estimates of Fixed Effectsb

.023580 .004062 124.303 5.805 .000 .015541 .031620

.003665 .004819 257.919 .760 .448 -.005826 .013155

-.009339 .005595 236.143 -1.669 .096 -.020362 .001684

0a 0 . . . . .

Parameter

Intercept

[txwk=0]

[txwk=1]

[txwk=2]

Estimate Std. Error df t Sig. Lower Bound Upper Bound

95% Confidence Interval

This parameter is set to zero because it is redundant.a. 

Dependent Variable: dis.b. 

 
 

Covariance Parameters 
 

Estimates of Covariance Parametersa

.001260 .000110 11.453 .000 .001062 .001495

.356252 .063399 5.619 .000 .226279 .473761

Parameter

AR1 diagonal

AR1 rho

Repeated Measures

Estimate Std. Error Wald Z Sig. Lower Bound Upper Bound

95% Confidence Interval

Dependent Variable: dis.a. 

 
 

Estimated Marginal Means 
 

1. Grand Meana

.022 .003 63.425 .017 .027

Mean Std. Error df Lower Bound Upper Bound

95% Confidence Interval

Dependent Variable: dis.a. 
 

 

2. txwk 
 

Estimatesa

.027 .003 142.845 .021 .034

.014 .004 162.433 .006 .023

.024 .004 124.303 .016 .032

txwk

0

1

2

Mean Std. Error df Lower Bound Upper Bound

95% Confidence Interval

Dependent Variable: dis.a. 
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Pairwise Comparisonsb

.013* .005 359.837 .016 .002 .024

.004 .005 257.919 .832 -.008 .015

-.013* .005 359.837 .016 -.024 -.002

-.009 .006 236.143 .262 -.023 .004

-.004 .005 257.919 .832 -.015 .008

.009 .006 236.143 .262 -.004 .023

(J) txwk

1

2

0

2

0

1

(I) txwk

0

1

2

Mean

Difference

(I-J) Std. Error df Sig.
a

Lower Bound Upper Bound

95% Confidence Interval for

Difference
a

Based on estimated marginal means

The mean difference is significant at the .05 level.*. 

Adjustment for multiple comparisons: Sidak.a. 

Dependent Variable: dis.b. 

 
 

Univariate Testsa

2 291.226 3.930 .021

Numerator df

Denominator

df F Sig.

The F tests the effect of txwk. This test is based on the

linearly independent pairwise comparisons among the

estimated marginal means.

Dependent Variable: dis.a. 

 
 

 

 


