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ORIGINAL RESEARCH

Efficacy of an Emotion Self-regulation Program for
Promoting Development in Preschool Children

Raymond Trevor Bradley, PhD; Patrick Galvin, PhD; Mike Atkinson; Dana Tomasino

ABSTRACT

This work reports the results of an
evaluation study to assess the efficacy
of the Early HeartSmarts (EHS) pro-
gram in schools of the Salt Lake City,
Utah, School District. The EHS pro-
gram is designed to guide teachers
with methods that support young chil-
dren (3-6 y old) in learning emotion
self-regulation and key age-appropriate
socioemotional competencies with the
goal of facilitating their emotional,
social, and cognitive development. The
study was conducted over one school
year using a quasiexperimental longi-
tudinal field research design with 3
measurement points (baseline, prein-
tervention, and postintervention)
using The Creative Curriculum
Assessment (TCCA), a teacher-scored,
so-item instrument measuring stu-
dents growth in 4 areas of develop-
ment: social/emotional, physical, cog-
nitive, and language development.
Children in 19 preschool classrooms in
the Salt Lake City School District were
divided into intervention and control
group samples (n =66 and n =309,
respectively; mean age = 3.6 y). The
intervention classes were specifically
selected to target children of lower
socioeconomic and ethnic minority
backgrounds. Overall, there is compel-
ling evidence of the efficacy of the EHS
program in increasing total psychoso-
cial development and each of the 4
development areas measured by the
TCCA: the results of a series of analyses
of covariance found a strong, consis-
tent pattern of large, significant differ-
ences on the development measures
favoring preschool children who
received the EHS program over those in
the control group.

EE=S

I 2 N B3 A Ath ] 6 30 348 2 X 3
4T 7 —Tji44 NEarly HeartSmarts
(EHS) WIIiH, AXFHZIEA
WOVEVE S B AT 45 R AT T R
. EHSTH 1 B (2 X oM AT
FEERS, WL (376%)
PNEE AR Y E S HESE S
MG N I et gk Re )y, HH
H2 e 34 LI #L3C /e 10
INRBE TR . %W 5K 2
IUE B SR 1, B — 22N
S, BT =AES O
%, THEIAMT WG , e
&P EAE VRS (TCCA) —— i
T4y, A A 5038 IR T A,
Fob 22 A R A TR AT &
ARG BRI, INFIRE

PLEIE S RE I R . WFICN L
TR X 19 2= T B A= 1L
XI5 9T TR A AL G R AE A (
3 n=66F1n=309; FIJIFE#E=3.6
B o KRR RERRE T BA
B P e 2 40 % b o /2 5 B
HEMJLEIAT . MR L
KU, HEFE WAL & IE
HH, EHSIH 7E4E8E ) L2 (1 3 At
£= 0 R A TCCANI & 4N T K
A T B A R AN
Z I8 )2 F AT R — RV o W 45
R, B EHSTH 192257 )Lk
MG L, E&IRE ST
R EFa bR EEA B

RESUMEN

Este trabajo informa los resultados de un
estudio de evaluacion de la eficacia del
programa Early Heartsmarts (EHS) en
las escuelas del Distrito Escolar de Salt
Lake City, Utah. El programa EHS estd
disefiado para orientar a los maestros
respecto de métodos de asistencia a
nifios pequenos (entre 3 y 6 anos de
edad) en el aprendizaje de técnicas de
autorregulacion emocional y competen-
cias socioemocionales fundamentales,
adecuadas para su edad, con el fin de
favorecer su desarrollo emocional, social
y cognitivo. Este estudio se realizd
durante un afo escolar, conforme un
disefio de investigacién de campo cuasi
experimental y longitudinal, diseflada
con tres puntos de medicion (punto de
partida, intervencion previa e interven-
cién posterior), en la que se utilizé una
Evaluacion del Curriculo Creativo
(TCCA, por sus siglas en inglés), un
instrumento calificado por el maestro de
50 puntos para medir el crecimiento de
los estudiantes en 4 dreas del desarrollo:
social y emocional, fisico, cognitivo y
desarrollo del lenguaje. Los nifios de los
19 salones de clase de nivel preescolar en
el Distrito Escolar de Salt Lake City, se
analizaron de manera fraccionada segun
muestras de intervencion y de control de
grupo (n=66 y n=309, respectivamente;
edad promedio=3 a 6 afios). Las clases de
intervencion fueron seleccionadas espe-
cificamente para examinar a nifios de
bajo nivel socioeconémico y perteneci-
entes a minorias étnicas. En general,
existen pruebas convincentes de la efica-
cia del programa EHS para fomentar el
desarrollo psicosocial total. Respecto de
cada una de las 4 dreas de desarrollo que
fueron medidas por la TCCA: los resulta-
dos de una serie de anadlisis de la covari-
anza mostraron un patrén sélido y con-
sistente de diferencias notorias y signifi-
cativas en las medidas de desarrollo que
favorecen a los nifios de preescolar que
recibieron el programa EHS, respecto de
aquellos del grupo de control.
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umerous studies have found that people living

in situations characterized by social disorgani-

zation, instability, isolation, or disconnected-
ness are at increased risk for acquiring many types of
disease.”> The impact of education—or more specifi-
cally, academic failure—is not typically associated
with communicative disorders and long-term health
and wellness; however, James Lynch has provided some
sobering statistics that show academic failure (defined
by completing less than 10 years of schooling) produc-
es a greater risk for heart disease than smoking, obesity,
lack of exercise, and excessive alcohol consumption
combined.® He has shown that the link between aca-
demic failure and disease in later life is related to a lack
of social and emotional competencies. The foundations
of the competencies required for both academic and
social success are developed in a child’s early years of
development and are directly related to their ability to
self-regulate.

In essence, social competence is the ability to get
along with others in a constructive manner and to
build and maintain positive relationships with others.?
Young children who demonstrate this ability are more
likely to have positive developmental outcomes,
including higher intelligence quotient scores, positive
self-worth, and better mental health.®? Social compe-
tence and positive social behavior are rooted in and
built upon a child’s ability to self-regulate attention,
emotion, and behavior.’3 Self-regulation involves the
ability to actively and flexibly direct one’s own behav-
ior, emotions, and attention through effortful internal
control and involves the ability to inhibit the expres-
sion of a behavior, emotion, or focus of attention when
this is required.®9

In their review of recent advances in neuroscience,
Immordino-Yang and Damasio conclude that the “pro-
cesses of emotion” also have a profound effect on the
very elements of cognition targeted in education:

Recent advances in neuroscience are highlighting
connections between emotion, social functioning,
and decision making that have the potential to rev-
olutionize our understanding of the vole of affect in
education. In particular, the neurobiological evi-
dence suggests that the aspects of cognition that we
recruit most heavily in schools, namely learning,
attention, memory, decision making, and social
functioning, are both profoundly affected by and
subsumed within the processes of emotion.+

Their conclusions mirror those found in research
in psychophysiology that shows that learning effective
emotion regulation techniques can significantly
enhance attention, memory recall, comprehension,
reasoning ability, creativity, and task performance in
adults and children (see the review in McCraty et al,
2009).’5 Schore’s™® syntheses of the research on the
neurobiology of early childhood development also
shows that learning how to process and self-regulate

emotional experience is the earliest, most fundamental
socioemotional skill that not only facilitates neurologi-
cal growth but also determines the potential for subse-
quent psychosocial development.

However, when the young child’s capacity for
emotional self-regulation is lacking or the skills are
seriously impaired, “affect dysregulation,” as Schore'”
aptly labels it, is the result. The inability to appropri-
ately self-regulate feelings and emotions has its origins
in early childhood maltreatment and has enduring
negative consequences for the developing frontal cor-
tex, resulting in structurally defective neurobiological
organization, which in turn impairs the young child’s
cognitive development and produces disturbances in
attachment formation.®’8 In addition to its implica-
tions for impeded neuropsychosocial development,
this inability to appropriately self-regulate feelings and
emotions results in impulsive and aggressive behavior,
attentional and learning difficulties, an inability to
engage in prosocial relationships, and difficulty in
establishing stable social bonds.'” It is not surprising,
therefore, that affect dysregulation has been highlight-
ed in the research literature repeatedly with regard to
its devastating effects on multiple domains of develop-
ment, including cognition, language and literacy, and
socioemotional skills.?923

Yet as fundamental as emotion regulation is to all
aspects of psychosocial development, the educational
system remains woefully deficient in teaching chil-
dren effective strategies for understanding and regu-
lating their feelings and emotions.>#? There is a pre-
dominant focus on teaching children purely “academ-
ic” skills without providing adequate education in the
socioemotional foundations underlying the develop-
ment of the very cognitive capacities required for aca-
demic performance.’ This is exacerbated by the dis-
turbing number of children—20% to 30% by some
estimates?93'—who start school lacking the basic
social and motional skills needed to learn and get
along with others.3%33 Moreover, children living in
poverty, which disproportionately affects ethnic
minorities, are at an increased risk for social, emo-
tional, behavioral, and learning problems.3*:34:35
Indeed, as many as 30% of elementary school children
from low-income families and about the same propor-
tion of preschoolers in Head Start programs do not
have the necessary social and emotional skills for
school.?® According to Boyd et al,

Knowing the ABCs is not enough. To be pre-
pared for school, children also must be excited
and curious about learning and confident that
they can succeed (motivational qualities). They
must be able to understand the feelings of others,
control their own feelings and behaviors, and
get along with their peers and teachers (socio-
emotional skills). Indeed, kindergarten teachers
rate these motivational and socio-emotional
skills as more important to school success than
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being able to hold a pencil or read. They want
children to be ready for learning—able to coop-
erate, follow directions, demonstrate self-control,
and “pay attention.”9

To help rectify this problem, the Institute of
HeartMath (IHM) has developed a program specifically
targeted to better equip children aged 3 to 6 years with
the foundational emotional self-regulation and social
competencies skills required for success in school and
life. Called Early HeartSmarts (EHS),3° the program
was designed to provide teachers with a curriculum to
guide and support young children in learning several
key age-appropriate emotion self-regulation tech-
niques and social competencies, with the goal of facili-
tating the children’s emotional, cognitive, and psycho-
social development. Based on almost 2 decades of
research on the psychophysiology of emotions and
heart-brain communication,374? the EHS program is
the latest in a series of programs IHM has developed to
teach schoolchildren emotion self-regulation tech-
niques.*3 Research has shown these programs to be
effective in improving emotional stability, psychoso-
cial functioning, learning, and academic performance
at the elementary, middle school, high school, college,
and graduate levels.4346 This work reports the results
of an initial evaluation study conducted to assess the
efficacy of the EHS program in preschool classes in the
Salt Lake City, Utah, School District.

EARLY HEARTSMARTS PROGRAM

The EHS program was designed to facilitate emo-
tional awareness and psychosocial development in
young children 3 to 6 years of age. To achieve this goal,
the EHS program provides teachers with a curriculum
to guide and support young children in learning sever-
al key emotional and social competencies known to
facilitate psychosocial development (Table 1):

1. how to recognize and better understand basic
emotional states,

2. how to self-regulate emotions,

3. ways to strengthen the expression of positive feelings,

4. ways to improve peer relations, and

5. skills for developing problem-solving.

Key among these competencies are two simple
emotion shifting tools: “Shift and Shine” and “Heart
Warmer.” These tools were specifically adapted from
the HeartMath system of emotional management tools
to facilitate young children’s learning of emotion self-
regulation skills.

Psychophysiology of Emotion Regulation

Research has shown that the positive emotion-focused
tools and techniques that form the foundation of the EHS
program can facilitate emotional self-regulation by teach-
ing individuals, including children, the ability to make an
intentional shift to a specific psychophysiological state,

TABLE 1 Synopsis of the Early HeartSmarts Program

The core of the Early HeartSmarts program (Institute of HeartMath,
2008) is teaching young children key social and emotional competen-
cies known to facilitate their psychosocial growth and development:

e How to recognize and better understand basic emotional states,
e How to regulate emotions,

* \Ways to strengthen the expression of positive feeling,

* Ways to improve peer relations, and

o Skills for developing problem solving.

How the Program Is Organized
Each of these skills builds successively through the main sections of
the program.

. Connecting the physical and emotional aspects of the heart:
Beginning with a model of a heart, children begin exploring the
functions of the heart. The playing of different heartbeat sounds
and the use of a stethoscope make this experience more real.
Children move from the physical heart to the emotional heart
through conversation led by the Bear Heart puppet.

N

.Recognizing and understanding emotions: Children learn to
recognize and better understand 5 basic emotions (happy, sad,
angry, afraid, and peaceful) through a series of photo emotion
cards. To help with emotional self-regulation, 2 simple techniques
(described below) are taught by Bear Heart. The Shift and Shine
technique strengthens children’s experience of positive feelings like
love and care while Heart Warmer helps with impulse control and
managing upsetting emotions.

w

Expressing love and care to family and friends: Playing Heart Ball
and participating in a mini-unit around The Kissing Hand book
supports the expression and experience of positive emotions.
Dramatization further supports the developmental skill of learning
to communicate what one is feeling.

4. Learning problem-solving skills: Using photo cards that portray
typical age-related issues and a large instructional poster, children
learn problem-solving and socialization skills with their peers. An
album of songs is woven throughout the program to support the
learning of key ideas and skills.

ul

. Emotional self-regulation Techniques: This segment of the program
includes instructions for the Shift and Shine and Heart Warmer
techniques, which are taught to help children develop skills for
greater emotional self-control.

Shift and Shine Technique

e Begin by shifting your attention to the area around your heart. It
helps to put your hand over your heart to begin with.

e Now pretend to breathe in and out of your heart area. Take three
slow breaths.

e Think of someone or something that makes you feel happy. Feel

that warm, happy feeling in your heart and then send or shine that

love to someone special.

Teacher: Afterwards, ask the child if he or she sent that feeling to

someone or something special. Then ask: How did it make you

feel in your heart?

Heart Warmer Technique

¢ Begin by putting your attention on the area around your heart. It
helps to put your hand over your heart to begin with. Teacher:
Model by putting hand over your heart.

e Now pretend to breathe in and out of your heart area. Take 3 slow
breaths.

¢ Imagine that your body feels nice from sitting in warm sunshine.
Breathe in a feeling of warm sunshine.
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termed psychophysiological coherence (described below).
This state has been shown to be associated with opti-
mal psychosocial growth, learning, and perfor-
mance.394" The basis of this ability to make such a shift
lies in the fundamental role the heart plays in the
emotional system and the critical communication link
between the heart and the brain.

It is now known that heart’s pattern of rhythmic
activity is directly responsive to changes in emotional
states, as can be seen in the real-time example shown
in Figure 1.44T During the experience of stress and
negative emotions such as anger, frustration, and
anxiety, heart rhythms become more erratic and dis-
ordered—incoherent. In such states, the correspond-
ing patterns of afferent neurological signals sent from
the heart to the brain produce an inhibition of higher
cognitive functions (Figure 2), impeding brain pro-
cesses necessary for functions such as attention, mem-
ory recall, abstract reasoning, problem solving, cre-
ativity, and the self-regulation of emotion and behav-
ior. This cardiac neurological input also interacts
with the brain’s emotional centers, where it acts to
reinforce feelings of emotional stress and instabili-
ty.4748 Thus, when students come to school in a nega-
tive emotional state, the “inner noise” produced by
such psychophysiological incoherence impairs the
very cognitive resources needed for learning, aca-
demic performance, and prosocial behavior.43:45

HeartMath
technique

Frustration

Appreciation

Heart Rate (BPM)

0 50 100 150 200
Seconds

Figure 1 Real-time heart rhythm patterns during different emotional states.

Conversely, the experience of positive emotions,
such as love or appreciation, is associated with a highly
ordered, smooth, sine wavelike pattern of heart thythm
activity—heart rhythm coherence (Figure 1). In such
positive affective states, the heart transmits an ordered
and harmonious signal to the higher brain centers
(Figure 2), facilitating cognitive and emotion regula-
tion abilities and typically producing increased emo-
tional stability and enhanced attention, memory recall,
comprehension, reasoning ability, creativity, and task
performance (see research reviewed in McCraty et al,
2009).15 This is a particularly important point in under-
standing the operative mechanism of the HeartMath
techniques taught in the EHS program.

Ascending Heart Signals

Cortex: Thinking brain

Thalamus:
Synchronizes
cortical activity

Amygdala:
Emotional
memory

\Medulla: Blood

pressure and autonomic

MM nervous system regulation
1

Inhibits cortical function

J

Facilitates cortical function

Figure 2 Afferent pathways by which heart activity affects brain function.

Furthermore, sustained positive emotions induce a
system-wide shift to psychophysiological coherence,*s4*
a state in which the brain, nervous system, and entire
body operate with increased synchronization and har-
mony (Figure 3). Physiological correlates of the coher-
ence state include increased synchronization between
the 2 branches of the autonomic nervous system; a shift
in autonomic balance toward increased parasympathet-
ic activity; increased vascular system resonance;
increased heart-brain synchronization (the brain’s o
rhythms exhibit greater synchronicity with the heart-
beat); and entrainment between the heart rhythm and
other physiological oscillatory systems. The coherence
state is also marked by reduced perceptions of emotional
stress, enhanced positive emotional experience, and
improved cognitive function and task performance.’>4!
Moreover, studies have shown that psychophysiological
states such as coherence that naturally enhance para-
sympathetic activity play an important role in facilitat-
ing children’s development of effective emotion regula-
tion, prosocial behavior, and cognitive function.49:5°

A pioneering discovery was that the psychophysi-
ological coherence state can be intentionally generat-
ed. This shift to coherence can be achieved by using a
positive emotion-based system of easy-to-use tools and
techniques.5™52 (See Figure 1 for a real-time example of
this shift.) Briefly, these techniques couple an inten-
tional shift in attention to the physical area of the
heart with the self-activation of a positive emotion
like love or appreciation. This rapidly initiates a dis-
tinct shift to increased coherence in the heart’s pattern
of rhythmic activity. In turn, this produces a change in
the pattern of afferent cardiac signals sent to the brain,
which reinforces the self-generated positive emotional
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shift and makes it easier to sustain.

Typically, the shift to coherence induces enhance-
ments in perception and cognition that enable more
effective memory, reasoning, decision making, and
action when confronted with stressful or challenging
situations. Furthermore, with regular practice, these
physiological, emotional, and cognitive patterns become
increasingly familiar to the brain, ultimately establish-
ing a new set point by which the system then strives to
maintain these upgraded, healthier patterns of psycho-
physiological function. The occurrence of such a psy-
chophysiological “repatterning” process facilitated by
the HeartMath system of coherence-building techniques
is supported by studies conducted in diverse popula-
tions, documenting enduring improvements in health,
emotional well-being, attitudes, behaviors, and relation-
shipsin individuals who practiced these techniques over
several months’ time.5356

Heart Rhythm (HRV)
1
]
]
]
]

Blood Pressure Rhythm (PTT)

1 HeartMath technique
Respiratory Rhythm
]

]
120 180 240 300 360 420 480 540 600
Time (seconds)

Figure 3 Entrainment of physiological systems during psychophysiological coherence.
Abbreviations: AMP, amplitude; BPM, beats per minute; HRV, heart rate variability; PTT, pulse transit time.
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Research also supports the efficacy of this approach
in educational settings, where the introduction of pro-
grams incorporating coherence-building tools and tech-
niques at the elementary, middle school, high school,
college, and graduate levels has been demonstrated to
improve emotional disposition, psychosocial function-
ing, learning, test anxiety management, and academic
performance 4345465357 Controlled laboratory experi-
ments using electrophysiological measures have also
shown that both middle school and high school students
can acquire the ability to self-activate the coherence state
by using the HeartMath emotion self-regulation tools
and that they are able to effectively apply this skill during
a stressful or challenging situation.4653

RESEARCH DESIGN AND METHODS

The study evolved informally as a research oppor-
tunity resulting from discussions between THM’s edu-
cation division staff and officials in the Salt Lake City,
Utah, School District. The study was conducted in the
2006-2007 school year on all preschool classes in the

district and employed a quasi-experimental, longitudi-
nal field research design with intervention and control
groups. The Creative Curriculum Assessment instru-
ment (TCCA) was administered by teachers, who eval-
uated each child on 50items measuring student growth
on 4 development dimensions—social/emotional,
physical, cognitive, and language development5®—at 3
measurement moments over the course of the school
year. There were a total of 19 schools in the study, each
with one preschool class. Students in the preschool
classes were divided into intervention and control
group samples, in which classes in the former were
specifically selected to target children of lower socio-
economic and ethnic minority family backgrounds.
Three preschool classes constituted the intervention
group to which the EHS program was provided; the
total student count for these classes was 66
preschoolers.? Sixteen preschool classes from the
remaining schools constituted the control group,
which had a total student count of 309.

The study hypothesis was that, relative to the con-
trol group, children in the intervention group would
exhibit an increased level of development along the 4
TCCA development dimensions of psychosocial
growth—social and emotional, physical, cognitive, and
language development—following exposure to the
EHS program over the school year study period.

Intervention

In late January 2007, two members of IHM’s
Education Division conducted a 1-day training for
teachers selected to introduce the EHS program into
their preschool classes. The goal of the training was to
provide the teachers with a working familiarity with
the scientific foundation of the HeartMath System as
well as the EHS concepts, tools, techniques, and materi-
als prior to their beginning classroom instruction.
Teachers then delivered the EHS program (presented in
summary form in Table 1) to their students throughout
the rest of the school year through the end of May 2007.

Measures

TCCA instrument has been psychometrically vali-
dated as an assessment instrument and is widely used in
schools throughout the United States. It was adopted by
the Salt Lake City School District as a standardized
means of systematically assessing the psychosocial
development of all preschool students in the 19 schools
in the district.

The TCCA is organized into 4 distinct dimensions

@ The selection of intervention group schools was made by members of the Salt
Lake City School District staff.

b The rating process requires the teacher to identify the developmental level of each
child for each item using a 4-point scale. The proficiency requirements for each item
(Table 1) are phrased in terms of specific behaviors and functional areas (with exem-
plars) anchored to each level of the rating scale. The Forerunner level represents behav-
iors that may indicate a developmental delay or that a child has not previously been
exposed to that skill and is scored to emphasize the child’s strengths upon which future
development and instruction can build. While Step Iil represents complete mastery of a
particular goal, Step | and Step Il represent distinct successive phases of development a
child moves through on the way to mastery.
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covering the social/emotional, physical, cognitive, and
language areas of a child’s development. Each dimen-
sion is divided into subcategories and then measure-
ment items on which the teacher evaluates and scores
each child. Altogether, there are so measurement
items—13 in social/emotional development, 8 in phys-
ical development, 16 in cognitive development, and 13
in language development. For each item, the teachers
assessed and scored each child’s development on a
4-point competency/proficiency rating scale: o =
Forerunners; 1=Step I; 2=Step II; 3=Step IIL? Over the
2006-2007 school year, the teachers completed the
TCCA 3 times: the first (baseline measurement) in
October, 2006; the second (preintervention measure-
ment) in early January, 2007; and the third (postinter-
vention measurement) at the end of April, 2007.

RESULTS
Sample Characteristics

Table 2 shows the breakdown of the study popula-
tion in terms of sociodemographic characteristics.
Aggregated across the 3 intervention and 16 control
schools, there were a total of 375 children in the study’s
sample population, ranging from 2.8 to 4.7 years of age.
Ofthese, 66 (17.6%) were in the intervention group and
309 (82.4%) were in the control group. The 2 samples
were comparable on both age and gender, with a mean
age of 3.6 years each and with a nearly even division on
gender: 48% male and 52% female for the intervention
group and 49% male and 51% female for the control
group. Reflecting sample selection, there is a difference

Table 2 Sociodemographic Characteristics (Time 1) of the Whole Sample,
Intervention Group, and Control Group

All Students  Intervention  Control Group
(n=375) Group (n=66) (n=309)

Mean Age + SD, y

(Range 2.8 - 4.7) 3.6 +0.32 3.6 +0.31 3.6+0.33
Gender, % male 49 48 49
Free lunch, % 51 64 48
Ethnicity
Asian 2% 2% 2%
Black 3% 2% 4%
Hispanic 54% 65% 51%
Indian 1% 0% 1%
Polynesian 5% 9% 4%
White 29% 8% 33%
Other 3% 3% 3%
NA 4% 12% 3%
No. of classes 19 3 16
Class size, mean 197(11-28)  19.3(1826)  22.0(11-28)

(range)

Abbreviations: NA, not available; SD, standard deviation

in family socioeconomic status in that while almost
two-thirds (64%) of the intervention group received a
free lunch from the school district, only half (48%) of
the children in the control group did so. Also, there are
notable differences in ethnic composition: there was a
greater proportion of Hispanic children in the inter-
vention group (65% vs 51%) and a much lower propor-
tion of white children (8% vs 33%, respectively).
Finally, there was a greater range in class size in the
control group (11-28 children vs 18-26, respectively),
and the mean class size was slightly smaller in the
intervention group (19.31 vs 22.00).

Measurement Integrity

For each development dimension, a child’s scores
on the items involved were aggregated to construct a
scale score for that dimension and then aggregated
again across all 50 items to construct a total develop-
ment scale score. Students were scored on each of the
50 items using the values on the 4-point rating scale.
Since the lowest point value on the rating scale was o,
the maximum score for any item was 3 points, which,
summed over the 50 items, yields a total possible devel-
opment scale score of 150 points.

Using the whole sample, we conducted an item
analysis and a validity and reliability of measurement
analysis of the TCCA instrumentation—development
scales, subcomponents, and individual items (results
available in Bradley et al, 2009).59 Starting with the
item analysis, the range of the point-biserial order cor-
relation (pbs p) over the 50 items across the 3 measure-
ment moments was 0.26 to 0.82. There were no items
with a o or negative pbs p, so all items met the mini-
mum criteria for technically acceptable measurement
and indicate an adequate level of discrimination
between high- and low-performing children on the
assessment. The standard error of measurement (SEM)
for the total development score was ffl1.05, ffl1.29, and
ffl1.20 points for time 1 (T1), time 2 (T2), and time 3
(T3), respectively, and ranged from fflo.15 to 0.44 for
the 4 development dimensions over all 3 measurement
moments—all well within psychometrically accept-
able limits.

Turning to the results of the validity and reliabili-
ty of measurement for the total development score, the
T1, T2, and T3 Cronbach’s a reliability coefficients
were all high (0.97, 0.98, and 0.98, respectively). With
the exception of somewhat lower a coefficients for
physical development (0.80, 0.86, and 0.86), high a
coefficients also were observed on the other 3 develop-
ment dimensions (ranging from 0.92 to 0.95). Though
lower a coefficients were observed for the subcompo-
nents within each of the 4 development dimensions
(ranging from o.71 to 0.93), they were, with 3 excep-
tions (gross motor, T1, and fine motor, T1, and T2), all
above 0.80. Overall, the results indicate a high degree of
internal consistency.

We also conducted a factor analysis with vari-
max rotation to evaluate the degree of convergent and
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discriminant validity in the EHS study data. Though
there were some exceptions, the factors and loadings
and item classifications are generally consistent with the
results of the original validation study. In short, the
results of these analyses indicate that the baseline, prein-
tervention, and postintervention measures appear to
have psychometric integrity as measurement constructs.
The line graph in Figure 4 plots the results of these
measurement procedures for the whole study popula-
tion’s mean total development score and mean scores for
the 4 development dimensions at the 3 moments of mea-
surement. Clearly evident is a strong upward trend in
development on all 5 measures over the 3 time points.
Thus, the mean total development score rose from 47.71
at baseline to 9o.71 at the preintervention moment to
124.15 at the postintervention measurement moment: a
T1-to-T3 increase of 160.22%. For the development
dimensions, the greatest increase in mean score observed
was for cognitive development, 13.90 to 38.79 (an increase
of 179.06%) whereas the lowest increase was for physical
development (9.29 to 21.56, an increase of 132.08%).

Baseline (Time 1) Results

Table 3 presents the results of a 1-way analysis of
variance (ANOVA) of differences in mean score by
intervention status on the 5 development scales at base-
line broken down by gender, ethnicity, and socioeco-
nomic status. Starting with the results for intervention
status, significant differences on all 5 scales (P < .o1)
with a moderate or large effect size (ES, 0.41- 0.66) were
observed between the control group and the interven-
tion group. Though there are no differences by gender,
there are significant differences mostly in the moderate
effect size range (0.30-49) favoring white children over

Raw Score Means
140+

1204

0 ‘

Time 1, Fall Time 2, Winter Time 3, Spring

—e—Total Development Score

—— Physical Development Score
—=—Language Development Score

—a— Social/Emotional Development Score
—»— Cognitive Development Score

Figure 4 Line Graph of 5 Development Scales (Mean Score) for Entire
Sample Population by Measurement Moment.

those with Hispanic or other ethnic affiliation on all
development scales (P<.oo1) except physical develop-
ment. A similar pattern is observed on the indicator of
socioeconomic status: the non—free lunch children had
significantly higher development scores than the free-
lunch children on all scales (P < .o05) except that for
physical development.

Two points emerge from these results: first, that
the intervention and control groups were not well
matched at baseline on the 5 development scales; sec-
ond, that in the analysis that follows, it was necessary
to control for the effects of ethnicity and free-lunch
status in the event that pre-to-postintervention differ-
ences in development are observed between the inter-
vention and control groups.

Preintervention-to-Postintervention Results

In the analysis of the effects of the EHS interven-
tion, we conducted 2 analyses. The first—a within-
groups analysis—was conducted on the intervention
and control groups separately in order to investigate
the degree of pre-post change in development within
each group. The second—a between-groups analysis—
was conducted to identify changes in development in
the intervention group that could be attributed to any
observed effects of the EHS intervention by comparing
the differences in pre-post changes in development
between the 2 groups.

Within-Groups Analysis

For the within-groups analysis, we employed a
within-subjects repeated measures procedure on the 5
development scales to investigate the changes in devel-
opment in the 2 periods up to and then following the
EHS intervention—T1 to T2 and T2 to T3, respectively.
Though a lower rate of development in the preinter-
vention period (T1 to T2) was expected in the interven-
tion group relative to the control group, given the for-
mer’s disadvantaged status on the baseline measures, a
higher rate was expected following exposure to the
EHS intervention. However, as shown in Table 4, a dif-
ferent pattern of results was observed.

Across all 5 development scales, though a signifi-
cantincrease in mean score (P<.001, on all measures) of
an extremely large ES (ES ranges from 1.17-2.81 over all
measures) was observed in both time periods for each
group, the greatest increase in development occurred
in the first period, Tt to T2. This pattern is typified by
the total development data. Thus, the results for the
intervention group show that the greatest increase in
development occurred in the first period, before the
EHS intervention (T1-T2 D mean score=53.15 points,
ES 2.73; T2-T3 D mean score =38.69 points, ES 1.84).
Although somewhat smaller in magnitude, a similar
pattern was observed for the control group (T1-T2 D

¢ Effect size (ES) was computed by dividing the mean difference by the pooled standard
deviation. Following Cohen’s (1988) guidelines for interpreting the meaning of the ES
coefficient’s magnitude: <0.10 trivial effect; 0.10-0.29 small effect; 0.30-0.49 moderate
effect; =0.50 large effect.
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Table 3 Baseline (Time 1) Analysis of Variance of Development Scales by Intervention Grouping and by Gender, Ethnicity, and Family Socioeconomic Status? _

ANOVA Between Groups
Mean SD SEM |Mean SD SEM |Mean SD SEM | Mean Sq F ES P<
Intervention Group (N=66) | Control Group (N=309)
Total Development Score 39.47 16.20 199 | 4947 1934 1.10 543440 1533 056 .001
Social/Emotional Development Score 9.62 4.45 0.55 | 12.83 532 030 55830 20.83 0.66 .001
Physical Development Score 8.33 2.19 0.27 949 293 0.7 73.00 923 045 .01
Cognitive Development Score 11.71 5.85 0.72 | 1436 7.09 040 382.01 805 041 .01
Language Development Score 9.80 5.48 0.67 | 12.79 599 034 484.05 1391 0.52 .001
Male (N=178) Female (N=189)
Total Development Score 47.25 19.62 147 | 48.01 1893 1.38 52.68 0.14 004 ns
Social/Emotional Development Score  11.98 5.40 040 | 1246 530 0.39 2087 073 009 ns
Physical Development Score 9.31 3.01 0.23 929 272 020 0.08 0.01 0.01 ns
Cognitive Development Score 13.92 7.15 0.54 | 13.78 6.79 049 1.89 0.04 002 ns
Language Development Score 12.03 6.17 046 | 1248 586 043 18.84 0.52 008 ns
Hispanic (N=202) White (N=108) Other (N=65)
Total Development Score 4334 15.87 1.12 | 56.70 2095 2.02 |46.34 2066 2.56 | 6360.78 1894 047 .001
Social/Emotional Development Score  11.49 4.65 033 | 1394 586 056 |11.88 572 0.71 21617 794 030 .001
Physical Development Score 9.13 2.46 0.17 978 320 031 897 325 040 1882 235 018 ns
Cognitive Development Score 12.25 5.70 040 | 1728 784 075 |1338 7.03 087 898.88 20.54 049 .001
Language Development Score 10.47 497 035 | 15.71 6.08 058 | 1211 637 0.79 969.89 3130 0.60 .001
Non-Free Lunch (N=184) | Free Lunch (N=191)
Total Development Score 50.98 20.88 154 | 4455 1686 1.22 3879.50 10.82 0.34 .01
Social/Emotional Development Score  12.93 5.67 042 | 11.61 488 035 163.84 588 025 .05
Physical Development Score 9.49 3.12 0.23 9.09 254 018 15.41 191 014 ns
Cognitive Development Score 15.22 7.46 055 | 1262 6.18 045 63598 13.60 0.38 .001
Language Development Score 13.33 6.47 048 | 11.23 533 039 41375 11.82 036 .001

2 Single-factor ANOVA.
Abbreviations: ANOVA, analysis of variance; ES, effect size; F, ANOVA test statistic; NS, not significant; SEM, standard error of measurement; Sq, square.

Table 4 Within-subjects Repeated Measures Analysis of Change in Development Scales (Mean Score) for Intervention and Control Groups

Time 1 Time 2 Time 3 Time 1 vs Time 2 Time 2 vs Time 3
N |Mean SD | Mean SD |Mean SD | Mean Sq F ES P< | MeanSq F ES P<
Within-Subjects Repeated Measures, Intervention Group
Total Development 65 |39.88 1598 | 93.03 22.95(131.72 19.19 |183646.54 620.87 2.73 .001 | 97311.15 411.63 1.84 .001
Social/Emotional Development 65 | 9.75 4.35| 2458 6.19| 35.02 5.00| 14296.86 413.81 2.81 .001 7072.06 197.48 1.86 .001
Physical Development 65| 838 2117|1672 383| 2274 2.21 451945 503.43 2.78 .001 2352.02 248.00 1.99 .001
Cognitive Development 65 [11.85 579|29.05 828| 41.11 7.83| 19229.60 439.16 2.44 .001 9456.25 292.12 1.5 .001
Language Development 65 | 9.89 5472268 7.12| 3286 6.88| 10624.02 399.73 2.03 .001 6742.22 333.52 1.45 .001
Within-Subjects Repeated Measures, Control Group

Total Development 301|49.57 19.23 |90.21 23.38 [122.63 22.12 | 497082.47 1920.83 1.91 .001 |316405.59 1491.65 1.43 .001
Social/Emotional Development 301 | 12.88 525 (2362 691 | 31.88 6.55| 34746.70 1199.91 1.77 .001 | 20532.21 1067.94 1.23 .001
Physical Development 301| 951 292 |16.13 337 | 21.32 2.85| 13222.67 1389.75 2.11 .001 8105.79 1184.94 1.67 .001
Cognitive Development 301 (1439 7.08 2761 8243830 7.95| 52652.36 1462.75 1.73 .001 | 34382.36 99826 1.32 .001
Language Development 301 (1280 5982284 7.18| 31.12 7.00| 30340.48 152528 1.53 .001 | 20664.57 81577 1.17 .001

Abbreviations: ES, effect size; SD, standard deviation; Sq, square.
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mean score=40.64 points, ES=1.91; T2-T3 D mean score
=32.42 points, ES=1.43).

There are 2 points of interest here. One is that this
pattern is similar in both groups. This suggests some
underlying commonality, such as the initial novelty of
children first entering a new, stimulating social envi-
ronment, the preschool class. It could be expected that
after the children experience an accelerated growth
rate, they then adapt as the school environment
becomes more familiar. The second point is that
although the pattern is similar in both groups, there is
amore elevated growth in the intervention group dur-
ing the first period both in relation to the control
group in the first period and also in relation to the
intervention group’s rate of growth in the second
period. A plausible explanation is that this pattern in
the intervention group children may have resulted
from an even more novel experience of a nurturing,
growth-promoting teacher and the psychosocially
stimulating preschool environment relative to the
disadvantaged circumstances of an ethnic minority
and/or lower socioeconomic family background char-
acteristic of most children in this group. An alterna-
tive explanation for the pattern is the possibility of a
Hawthorne effect: namely, that the intervention group
teachers may have (consciously or unconsciously)
inflated the ratings of their students in the preinter-
vention period. Unfortunately, there were insufficient
cases with the required combination of ethnosocioeco-
nomic characteristics to investigate the first explana-
tion posited above for the elevated rate of develop-
ment observed. However, we were able to investigate
the question of a potential Hawthorne effect, the
results of which are presented below.

Even with this pattern, the smaller degree of
change in the second period was still very large (ES
range 1.17-1.99) and highly significant (P<.001) across
the 5 measures in both groups. Determining how
much of this increase in development in the interven-
tion group is attributable to the effects of the EHS
program requires a between-groups comparison of the
2 groups, in which any differences in the measures of
development at the baseline (T1) and preintervention
(T2) moments are statistically controlled. We turn to
this all-important question next.

Between-Groups Analysis

The primary statistical analysis technique used to
investigate pre-post changes in development was analysis
of covariance (ANCOVA). An important advantage of
ANCOVA is that the baseline (T1) and preintervention
(T2) differences on the development measures between
the intervention and control groups are statistically
adjusted to make them comparable before the change
effects are estimated. This is accomplished by treating
them as covariates in the statistical model. We begin with
the results by intervention status before moving to the
breakdowns by gender, ethnicity, and family socioeco-
nomic background.

Figure 5 and Table 5 present the results for the 5
development scales and the 10 subcomponents by
intervention status. Clearly evident is the strong con-
sistent pattern of moderate to large, significant differ-
ences on all 15 measures of development, favoring the
intervention group over the control group. On 10 of
the 15 measures, including 4 of the 5 development
scales, the magnitude of the difference was large and
highly significant (ES»>0.60, P<.oo1). More specifical-
ly, from the adjusted means on the 5 development
scales, a significant difference with a large ES was
observed favoring the intervention group on the total
development scale (130.96 vs 122.79, respectively; ES
0.81, P<.0o1) and on each of the social/emotional
development (34.95 vs 31.90, ES 0.97, P<.001), physi-
cal development (22.59 vs 21.35, ES 0.79, P<.001),
cognitive development (40.58 vs 38.41, ES 0.55, P«
.01), and language development (33.74 vs 30.99, ES
0.73 P<.001) scales. At the subcomponent level, 6 of
the 10 constructs had differences favoring the inter-
vention group that were large in terms of ES and
highly significant: sense of self, ES 1.05, P < .o00T;
responsibility for self and others, ES o0.61, P < .001;
prosocial behavior, ES 0.94, P < .oo1; fine motor, ES
0.68, P<.001; learning and problem solving, ES 0.65, P
<.001; and reading and writing, ES 0.84, P<.oo1.

Sociodemographic Effects

To investigate the degree to which these observed
differences in development were not mediated by one
or more intervening sociodemographic factors identi-
fied as significant at baseline, an ANOVA was con-
ducted on the 5 development scales controlling for
gender, ethnic status, and socioeconomic family back-
ground (free-lunch status). The results are presented
in Table 6.

Beginning with the results (adjusted means) for
the total development scale, a consistent pattern of
moderate to large, significant differences is observed
favoring the intervention over the control group: for
boys (128.10vs 121.35,ES 0.47, P<.05), girls (133.876 vs
124.42, ES 0.65, P<.001), Hispanic children (129.60 vs
121.22, ES 0.63, P<.001), white children (130.62 vs
121.87, ES 0.44, P<.05), free-lunch recipients (131.61 vs
125.29, ES 0.56, P<.01), and non—free lunch recipients
(130.09 vs 120.33, ES 0.57, P<.01). These results suggest
a markedly greater level of development for children
with these characteristics who were exposed to the
EHS program than those who were not.

Moving to the 4 development scales, for girls,
Hispanic children, and free lunch students, there is a
pattern of a significantly greater increase in develop-
ment in the intervention group compared to the con-
trol group on all 4 scales. With the exception of the
cognitive development scale, the same pattern is
observed for boys and non—free lunch students. For
white students, though, this difference is evident only
on 2 dimensions—physical development and lan-
guage development.
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Figure 5 Adjusted means showing results of analysis of covariance of intervention effects on development measures comparing intervention

and control groups.

Table 5 Results of Analysis of Covariance of Intervention Effects on Development Measures Comparing Intervention and Control Groups?

Spring Post-study Between-Group Effects

Intervention Control Group Between-
Group (n=65) (n=301) Subjects
Adj Lower  Upper Adj Lower  Upper
Mean SEM 95%Cl 95%Cl | Mean SEM 95% Cl 95% Cl |MeanSq F ES P<
Total Development Score 130.96 1.72 12757 13435 |122.79 077 12127 12431 |3200.92 18.13| 0.81 .001
Social/Emotional Development Score 3495 0.54 33.89 36.02 | 31.90 0.24 31.42 32.38 | 44646 2569| 097 .001
Physical Development Score 2259 027 2207 2312 | 2135 012 2112 21.59 77.74 17.60| 0.79 .001
Cognitive Development Score 40.58 0.68  39.25 4192 | 3841 031 37.81 39.02 | 23535 833| 0.55 .01
Language Development Score 3347 058 32.34 34.61 3099 0.26 30.48 31.51 303.67 1499| 0.73 .001
Sense of Self 11.09  0.19 10.71 11.46 9.92 0.09 9.75 10.08 63.73 29.98| 1.05 .001
Responsibility for Self and Others 1324 026 12.72 13.75 | 1229 0.12 12.06 12.53 4352  10.40| 0.61 .001
Prosocial Behavior 10.78 0.20 10.39 11.17 9.69  0.09 9.52 9.87 59.93 24.74| 0.94 .001
Gross Motor 14.18 0.18 13.82 14.54 | 1355 0.08 13.38 13.71 2039  9.76| 059 .01
Fine Motor 841 0.15 8.12 8.69 7.82  0.07 7.68 7.95 18.03 13.20| 0.68 .001
Learning and Problem Solving 1245 0.27 11.92 1297 | 1142 0.2 11.18 11.66 53.38 12.00| 0.65 .001
Logical Thinking 20.09 037 19.36 20.82 | 1922 017 18.89 19.55 37.99  455| 040 .05
Representation and Symbolic Thinking ~ 8.26  0.17 7.93 8.60 7.78 0.08 7.63 7.94 11.15  6.38| 048 .05
Listening and Speaking 15.64 0.28 15.08 16.19 | 1481 0.13 14.56 15.06 3268 691| 050 .01
Reading and Writing 17.89  0.33 17.24 18.55 | 16.25 0.15 15.95 16.55 138.65 20.23| 0.84 .001

@ ANCOVA: covariates fall and winter baseline scores.

Abbreviations: Adj, adjusted; Cl, confidence interval; ES, effect size; F, ANOVA test statistic; SEM, standard error of measurement; Sq, square.
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Table 6 Analysis of Covariance of Intervention Effects on Development Scales Comparing Intervention and Control Groups by Gender, Ethnicity, and

Socioeconomic Status?

Spring Post-study Between-Group Effects

Intervention Group Control Group
Adj Lower Upper Adj Lower Upper
Dependent Variable n | Mean SEM 95% Cl 95% CI| N |[Mean SEM 95% Cl 95% Cl|MeanSq F ES P<
Males
Total Development 31 |128.10 2.45 12328 13293 |144 |121.35 1.09 119.21 123,50 |1021.06 6.14 047 .05
Social/Emotional Development 31 | 3391 0.81 32.31 3551 [144 | 31.20 036 3049 3191 | 16234 899 057 .01
Physical Development 31 | 2256 037 2182 2330 (144 | 21.14 017 2081 2148 4782 1158 064 .001
Cognitive Development 31| 3917 097 3726 41.09 |144 | 3825 044 3739 39.11 1993 074 0.16 NS
Language Development 31| 3283 073 3139 3428 |144 | 30.68 033 30.03 3134 | 109.70 7.03 0.50 .01
Females
Total Development 32 [(133.87 251 12891 13883 |152 (12442 1.11 12222 126.61 (212162 1149 0.65 .001
Social/Emotional Development 32 | 3570 0.76 3420 37.21 |152 | 3254 034 31.86 33.21 | 241.88 1397 0.71 .001
Physical Development 32 | 2269 040 2191 2347 (152 | 2153 0.18 21.18 21.88 3352 703 050 .01
Cognitive Development 32 | 4212 095 4024 4399 (152 | 3876 043 3792 3960 | 27885 10.20 0.60 .01
Language Development 32 | 3439 091 3259 36.19 |152 | 3138 041 3058 32.18 | 21584 884 0.57 .01
Ethnicity, Hispanic
Total Development 43 [129.60 2.18 12530 133.89 |157 [121.22 1.10 119.04 123.40 (211133 11.33 0.63 .001
Social/Emotional Development 43 | 3495 0.68 33.61 36.29 [157 | 31.79 035 31.10 3247 | 30241 1655 0.76 .001
Physical Development 43 | 2258 033 2192 2324 |157 | 21.39 0.17 2105 21.73 4507 9.83 058 .01
Cognitive Development 43 | 40.07 0.83 3842 41.71 (157 | 3794 043 37.09 3878 | 14224 505 042 .05
Language Development 43 | 3260 0.78 31.07 3413 |157 | 2994 039 29.17 30.72 | 21516 9.01 056 .01
Ethnicity, White
Total Development 17 [130.62 3.06 12449 136.74 | 42 [121.87 1.87 11812 12562 | 76854 555 044 .05
Social/Emotional Development 17 | 3438 1.04 3229 3647 | 42| 3246 0.63 3120 33.73 3575 227 028 NS
Physical Development 17 | 2285 047 2192 2379 | 42| 2149 029 2091 22.07 2067 599 045 .05
Cognitive Development 17 | 4019 132 3754 4284 | 42 | 37.09 081 3547 3871 9769 374 036 NS
Language Development 17 | 3344 094 3156 3532 | 42| 3073 058 2956 31.89 7806 575 044 .05
Free Lunch
Total Development 42 (13161 1.89 127.88 13534 |148 (12529 0.98 123.37 127.22 (1168.07 848 055 .01
Social/Emotional Development 42 | 36.04 0.59 34.87 37.21 |148 | 32.88 031 3228 3349 | 29252 2151 0.87 .001
Physical Development 42 | 2294 027 2240 2348 |148 | 21.85 0.14 2157 2213 37.29 1228 065 .001
Cognitive Development 42 | 41.03 080 3945 4261 |148 | 3897 042 3815 39.79 12744 505 042 .05
Language Development 42 | 3292 071 3151 3433 |148 | 31.22 037 3049 31.95 8757 435 039 .05
Non-Free Lunch
Total Development 23 |130.09 3.10 12398 136.20 |153 [120.33 1.15 118.06 122.59 |1686.58 8.51 0.57 .01
Social/Emotional Development 23 | 33.57 098 31.64 3550 |153 | 30.86 037 30.14 31.58 | 132.80 6.59 0.50 .05
Physical Development 23 | 2224 052 2122 2326 |153| 20.83 0.19 2045 21.22 36.53 641 049 .05
Cognitive Development 23 | 3988 1.17 3757 4218 |153 | 37.86 044 3699 3872 7461 258 031 NS
Language Development 23 | 3413 095 3225 36.01 |153 | 30.82 036 30.12 31.53 | 197.88 1037 0.63 .01

@ ANCOVA: covariates fall and winter baseline scores.

Abbreviations: Cl, confidence interval; F, ANOVA test statistic; ES, effect size; NS, not significant; SEM, standard error of measurement.

Matched-Groups Analysis

We conducted another ANCOVA to investigate
the degree to which the observed differences between
the 2 groups of children were not confounded by an
underlying difference in class size (results not shown;
available in Bradley et al, 2009).5® To conduct the
study, we constructed a matched-group comparison
by selecting classes from the control group sample
that were close to or within the class size range (18-24
children) of the 3 classes in the intervention group.
There were 4 classes in the control group (total n=90)

with a class size of between 17 and 26 children, and we
selected these for the matched-group comparison.
Coincidentally, these 7 classes also were within the
same range on mean baseline total development score
(35.78-42.71 points). This enabled us to simultaneous-
ly control for the effects of baseline differences
between the intervention and control group on both
class size and total development, providing for a some-
what more rigorous matched-groups analysis. As pre-
viously, to control for any differences in development
between the 2 groups in the preintervention period,
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development scores at Tt and T2 were deployed as
covariates in the statistical model.

A notable, significant difference in the pre-post
increase in the mean total development score is
observed for the intervention group over the matched-
group sample from the control group (123.68 vs 115.93,
respectively, ES 0.61, P<.oo1). A similar difference is
evident for 3 of the 4 development dimensions: social/
emotional development (33.14 vs 29.53, ES 0.81, P«
.001); physical development (21.86 vs 20.74, ES 0.55, P
<.01), and language development (31.43 vs 28.60, ES
0.63 P<.001). In short, when baseline differences in
class size and total development are controlled, there
is still compelling evidence of markedly greater devel-
opment in the children who participated in the EHS
program than in those who did not.

Split-half Sample Analysis

As the final step in the primary analysis, we con-
ducted a split-half sample analysis (results not shown;
available in Bradley et al, 2009).59 In a typical applica-
tion, the procedure involves randomly dividing the
study sample population into halves and then repeat-
ing the analysis separately on each half-sample. This
enables a check on the statistical integrity of nonran-
dom samples and also provides some indication of the
likely generalizability of results.

To conduct this analysis, we randomly divided
the intervention and control groups into 2 approxi-
mately equal subgroups each and then repeated the
pre-post ANCOVA comparison on each of the two
half-sample pairings, accordingly: viz, random split
(RS) 1: first intervention subgroup vs 1st control sub-
group; RS2: second intervention subgroup vs second
control subgroup. As an extra precaution, we not only
conducted the analysis on the 5 development scales
and but also included the 10 subcomponents of the 4
development dimensions as well.

Beginning with the 5 development scales, a com-
parison of the results for RSt to those for RS2 found
that, with one exception (cognitive development
scale), a pattern of moderate to large, significant dif-
ferences favoring the intervention group on the other
4 development measures was evident in both
ANCOVAs. This suggests that the intervention results
on the total development scale and the social/emo-
tional, physical, and language development scales
appear to be robust, are unlikely to be the result of
sample bias, and are probably generalizable to chil-
dren with similar characteristics.

DISCUSSION

To investigate the key question of a pre-postinter-
vention effect, we used a rigorous multivariate proce-
dure—ANCOVA—in order to be statistically confi-
dent that any observed pre-postintervention differ-
ences could not be the result of differences at baseline
between the 2 groups. This procedure revealed a
strong pattern of differences favoring the intervention

group children on the 5 development dimension scales
as well as on the 10 subcomponents. This intervention
effect also was observed on the total development
scale for each of the sociodemographic categories
examined? (male, female, Hispanic, white, free lunch,
and non—free lunch) and also for female, Hispanic, and
free-lunch on all 4 development dimension scales and
for whites on the physical development and language
development scales. These results are consistent with
the findings of prior studies on the implementation of
programs using similar emotion self-regulation tech-
niques in elementary, middle, and high schools and
tertiary education.43:45:46:53.57

The strong evidence of an EHS intervention effect
appears robust. Both the matched-groups analysis (in
which we controlled for baseline differences in class
size and total development score) and the random split-
half sample analysis found essentially the same pre-
postintervention differences in development favoring
the intervention group on the total development scale,
and also on 3 of the 4 development dimension scales—
social/emotional development, physical development,
and language development. The random split-half sam-
ple results are noteworthy in that they suggest that on
these development measures, it is unlikely that the
differences between the 2 groups are due to sample bias
and are probably generalizable to children with similar
characteristics and in similar educational contexts as
those in the intervention group.

Overall, the strong, consistent pattern of positive
pre-to-postintervention results provides compelling
evidence of the efficacy of the EHS program in promot-
ing greater development across the 5 primary mea-
sures—total development, social/emotional develop-
ment, physical development, cognitive development,
and language development.

Limitations

The study evolved as an adjunct investigation to
the research already being conducted on the develop-
ment of preschoolers in all schools in the Salt Lake
City School District. Some limitations came with this
research strategy.

One limitation concerns the generalizability of the
study’s results. There are 2 potential issues: (1) the lack
of randomization in sample selection and interven-
tion/control group assignment and (2) the degree to
which the study population is broadly representative
of the population of preschoolers in the United States
as a whole. Though the lack of randomization for sam-
ple selection is not an issue, because all 19 schools in
the Salt Lake City School District were included, it is a
limitation of the criterion-reference procedure used to
assign intervention or control group status. Even so,
the results from the random split-half sample analysis
suggest, in broad terms, that the primary findings

dThere were too few cases in the intervention group’s “Ethnicity-other” category (n=5)
for this analysis.
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appear to be generalizable to preschool children in
similar sociogeographic contexts and with similar
sociodemographic characteristics. Concerning the sec-
ond issue, further research will be necessary on sam-
ples that are more representative of US preschool
children as a whole in order to confirm the efficacy of
the EHS program in promoting growth and develop-
ment more broadly.

Another limitation was that the teachers were not
completely blinded to the study’s goals and desired
outcomes and therefore could have consciously or
unconsciously acted to affect the results. Although we
found little evidence of scoring bias in the teachers’ rat-
ings, we cannot definitively rule out such an artifact.

A final limitation is that the children’s scores are
all based on observation, evaluation, and rating from a
single source: their teachers. Although we were mostly
able to address the basic psychometric issues of rating
consistency, measurement validity, reliability, and
discrimination in the item analysis we performed,
future studies should be conducted using at least 2
independent observers to rate each child’s develop-
ment on the measurement items.

CONCLUSION

Of the key socioemotional competencies in early
childhood that lay the foundation for future develop-
ment and the potential for adult psychosocial growth,
well-being, and accomplishment, emotional self-regu-
lation is core.r®7 Yet as noted at the outset, a disturb-
ing proportion of preschool children, especially those
from ethnic minority and low socioeconomic family
backgrounds, lack the fundamental socioemotional
skills needed to learn and function effectively at
school. Although the EHS program was developed
with the broader goal of enhancing the psychosocial
development of all preschool children, it was expected
that the program would have particular application in
facilitating development in children from disadvan-
taged family backgrounds and circumstances.

Despite the limitations noted above, the results
are striking in that there is strong evidence of an inter-
vention effect. First, across all of the analyses per-
formed, a consistent pattern of large, significant differ-
ences in growth on the primary development con-
structs—total development scale, social/emotional
development scale, physical development scale, cogni-
tive development scale, and language development
scale, plus their 10 subcomponents (all but 2 subcom-
ponents had a large effect size)—is evident for the
children receiving the EHS intervention relative to
those in the control group who did not. The magnitude
of development observed for the intervention-group
children is particularly striking, as they started the
study with a significant development handicap relative
to their peers in the control group. Yet after participat-
ing in the EHS program, they had surpassed the latter’s
development growth by the end of the study.

A second important finding is the consistent pat-

tern of pre-to-postintervention differences in total
development score between the 2 groups for all of the
sociodemographic categories investigated. Importantly,
given the study’s targeting of ethnic-minority and low—
socioeconomic status students, the evidence shows that
the EHS program was effective in boosting the develop-
ment of boys (with the exception of cognitive develop-
ment), girls, Hispanic children, and free-lunch students
in the intervention group on the 4 development dimen-
sions—social/emotional, physical, cognitive, and lan-
guage—beyond that of their peers in the control group.
And it was effective for non—free lunch and white stu-
dents in the intervention group, with the exception of
cognitive development and language development
scores, respectively.

A series of additional analyses found that these dif-
ferences do not appear to be mediated by classroom size
or explained by baseline differences in development
between the 2 groups of children. Further, the evidence
from a random split-half sample analysis corroborates
the results for the whole intervention and control
group samples and indicates that the findings for all but
1 of the 5 development scales (cognitive development)
are robust and likely generalizable to children of com-
parable sociodemographic characteristics.

In sum, the strong, consistent pattern of positive
results observed across all analyses is compelling evi-
dence of the efficacy of the EHS program in signifi-
cantly facilitating a marked growth in development in
preschool children.

An important point to emphasize is that these
results are for very young preschool children, 96% of
whom were between 3 and 4 years old. It is both strik-
ing and remarkable that children as young as 3 years
can begin to learn and practice the emotion self-
regulation skills they were taught in the EHS program,
which appears to facilitate their psychosocial develop-
ment. Given that the age range from 3 to 6 years is a
period of accelerated neurological growth and psycho-
social development, it is likely that the learning and
sustained use of these competencies and skills during
this important developmental period will readily
instantiate a new set point in the young child’s ner-
vous system for an optimal pattern of psychophysio-
logical function and thereby significantly boost the
development trajectory of future psychosocial growth.

Establishing this key set point early in the child’s
life, when neural connectivity is still highly malleable,
and then sustaining it throughout the whole educa-
tional process with programs building on these foun-
dational skills sets the child on a thriving life course of
health, well-being, achievement, and social responsi-
bility. Correspondingly, the integration of programs
designed to foster socioemotional competence into
educational curricula—beginning in preschool—
should help prevent manifestation of much of the
psychosocial dysfunction and pathology that not only
robs individuals of a fulfilling life but also results in an
enormous cost to our society.
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Appendix Validity and Reliability of Measurement Analysis, Time 1 to Time 3 _

Point Bi-serial
Correlation
Items, no.  Cases, no. Min Max Mean SD SEM  Cronbach’s o

Fall Pre-study Score (Time 1)

Total Development 50 274 0.26 0.77 51.57 17.43 1.05 0.97
Social/Emotional Development 13 340 0.57 0.71 12.85 5.01 0.27 0.92
Physical Development 8 345 0.43 0.62 9.45 2.79 0.15 0.80
Cognitive Development 16 336 0.52 0.78 14.78 6.59 0.36 0.93
Language Development 13 340 0.47 0.77 12.87 5.73 0.31 0.92
Sense of Self 4 353 0.63 0.66 3.86 1.88 0.10 0.82
Responsibility for Self and Others 5 366 0.52 0.72 4.95 2.12 0.1 0.85
Prosocial Behavior 4 361 0.58 0.69 3.79 1.72 0.09 0.82
Gross Motor 5 351 0.51 0.66 5.92 1.87 0.10 0.79
Fine Motor 3 365 0.46 0.64 3.52 1.41 0.07 0.71
Learning and Problem Solving 5 365 0.63 0.77 426 2.25 0.12 0.87
Logical Thinking 8 342 0.56 0.71 7.27 3.76 0.20 0.88
Representation and Symbolic Thinking 3 367 0.63 0.70 2.93 1.35 0.07 0.81
Listening and Speaking 6 355 0.47 0.81 6.87 3.03 0.16 0.88
Reading and Writing 7 353 0.46 0.72 5.80 3.12 0.17 0.85
Winter Pre-study Score (Time 2)

Total Development 50 326 0.47 0.78 91.54 2333 1.29 0.98
Social/Emotional Development 13 356 0.65 0.78 23.90 6.74 0.36 0.94
Physical Development 8 354 0.42 0.68 16.39 3.32 0.18 0.86
Cognitive Development 16 352 0.57 0.77 27.93 8.27 0.44 0.95
Language Development 13 356 0.51 0.82 22.85 7.17 0.38 0.94
Sense of Self 4 362 0.71 0.76 7.54 2.36 0.12 0.87
Responsibility for Self and Others 5 363 0.63 0.81 9.07 2.80 0.15 0.90
Prosocial Behavior 4 363 0.62 0.72 7.25 2.23 0.12 0.84
Gross Motor 5 359 0.62 0.73 10.00 2.22 0.12 0.87
Fine Motor 3 360 0.52 0.70 6.34 1.61 0.08 0.77
Learning and Problem Solving 5 362 0.72 0.79 833 2.79 0.15 0.90
Logical Thinking 8 359 0.55 0.78 13.94 4.60 0.24 0.92
Representation and Symbolic Thinking 3 362 0.65 0.77 5.68 1.72 0.09 0.84
Listening and Speaking 6 357 0.57 0.83 11.39 3.67 0.19 0.91
Reading and Writing 7 364 0.55 0.79 11.45 3.97 0.21 0.90
Spring Post-study Score (Time 3)

Total Development 50 341 0.45 0.81 124.44 22.20 1.20 0.98
Social/Emotional Development 13 362 0.58 0.78 32.57 6.44 0.34 0.94
Physical Development 8 367 0.38 0.74 21.60 2.80 0.15 0.86
Cognitive Development 16 364 0.53 0.81 38.80 7.99 0.42 0.95
Language Development 13 368 0.62 0.81 31.52 6.91 0.36 0.95
Sense of Self 4 365 0.61 0.76 10.20 2.02 0.11 0.84
Responsibility for Self and Others 5 372 0.65 0.82 12.46 2.84 0.15 0.91
Prosocial Behavior 4 374 0.59 0.76 9.85 217 0.11 0.86
Gross Motor 5 370 0.57 0.74 13.68 1.83 0.10 0.85
Fine Motor 3 372 0.59 0.78 7.95 1.40 0.07 0.83
Learning and Problem Solving 5 373 0.73 0.79 11.58 2.86 0.15 0.91
Logical Thinking 8 367 0.52 0.81 19.39 434 0.23 0.93
Representation and Symbolic Thinking 3 374 0.71 0.81 7.87 1.55 0.08 0.87
Listening and Speaking 6 371 0.62 0.83 15.01 3.19 0.17 0.90
Reading and Writing 7 371 0.64 0.83 16.53 4.05 0.21 0.92

Abbreviations: Min, minimum; max, maximum; SD, standard deviation; SEM, standard error of measurement.
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