
ORIGINAL ARTICLE

Rationale, design and methods of the HEALTHY study
physical education intervention component

RG McMurray1, S Bassin2, R Jago3, S Bruecker2, EL Moe4, T Murray5, SL Mazzuto6 and SL Volpe7,
for the HEALTHY Study Group

1Department of Exercise and Sport Science, University of North Carolina, Chapel Hill, NC, USA; 2Department of Medicine,
University of California at Irvine, Irvine, CA, USA; 3Department of Exercise, Nutrition and Health, Centre for Sport and
Exercise, University of Bristol, Tyndall Avenue, England, UK; 4Division of Health Promotion and Sports Medicine, Oregon
Health & Sciences University, Portland, OR, USA; 5Department of Health, Physical Education and Recreation, Texas State
University, San Marcos, TX, USA; 6Biostatistics Center, George Washington University, Rockville, MD, USA and 7Division of
Biobehavioral and Health Sciences, University of Pennsylvania, Philadelphia, PA, USA

The HEALTHY primary prevention trial was designed to reduce risk factors for type 2 diabetes in middle school students. Middle
schools at seven centers across the United States participated in the 3-year study. Half of them were randomized to receive a
multi-component intervention. The intervention integrated nutrition, physical education (PE) and behavior changes with a
communications strategy of promotional and educational materials and activities. The PE intervention component was
developed over a series of pilot studies to maximize student participation and the time (in minutes) spent in moderate-to-
vigorous physical activity (MVPA), while meeting state-mandated PE guidelines. The goal of the PE intervention component was
to achieve X150 min of MVPA in PE classes every 10 school days with the expectation that it would provide a direct effect on
adiposity and insulin resistance, subsequently reducing the risk of type 2 diabetes in youth. The PE intervention component
curriculum used standard lesson plans to provide a comprehensive approach to middle school PE. Equipment and PE teacher
assistants were provided for each school. An expert in PE at each center trained the PE teachers and assistants, monitored
delivery of the intervention and provided ongoing feedback and guidance.
International Journal of Obesity (2009) 33, S37–S43; doi:10.1038/ijo.2009.115

Keywords: type 2 diabetes; adolescents; physical education; physical activity

Introduction

HEALTHY was a middle school-based primary prevention

trial with the main objective of reducing risk factors for type

2 diabetes in adolescents.1 Of the 42 middle schools involved

from seven centers across the United States, 21 were

randomized to receive an intervention that integrated

multiple components targeting the nutrition and physical

activity environments, as well as behavior patterns and

lifestyle choices of the students. The physical education (PE)

intervention component intended to keep all students

participating at increased levels of moderate-to-vigorous

physical activity (MVPA). The intervention provided lesson

plans, equipment and PE teacher training and mentoring, as

well as school-wide educational and promotional activities

and events that were designed to enhance the message that

physical activity was fun, easy to accomplish and a critical

part of a healthy lifestyle. This paper describes (1) the

rationale for the development of the HEALTHY PE interven-

tion component, (2) the preparatory pilot work, (3) the

curriculum and lesson plans, (4) the training program and

(5) the implementation in schools. Other papers report on

the design, methods and rationale of the nutrition interven-

tion,2 the behavior modification intervention3 and an

integrated communications and promotions strategy.4

Background and rationale

Opportunities for youth to engage in physical activity are

found both in and out of the school environment. School-

provided PE classes and extracurricular sports or activity

programs contribute considerably to the overall physical

activity levels in children. Furthermore, there is a general

belief that youth can obtain a substantial amount of activity
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in PE classes.5–7 The HEALTHY study investigators realized

that, although school PE programs could not provide all the

physical activities needed by youth, PE classes could have a

considerable effect, particularly for the sedentary and over-

weight youth who are at the greatest risk of developing type

2 diabetes. Before or after school, programs have been used

to increase physical activity in interventions targeting

overweight and obesity.8 HEALTHY did not pursue that

approach because of logistical issues and cost.

Exercise programs have the potential to reduce body

fat and improve insulin sensitivity in children.9,10 Research

in adults clearly indicates that moderately intense

exercise (440% maximal capacity) sustained for longer than

15–20 min decreases circulating insulin levels and increases

insulin sensitivity.11–16 Although there are limited data in

youth on the influence of duration and intensity of exercise

on insulin sensitivity, one study has suggested that

20–30 min of MVPA at least thrice a week may be necessary

for improving glycemic status.17 In children with an

increased risk for insulin resistance, weight loss and

increased aerobic fitness improve insulin sensitivity.10,18

Theoretically, MVPA should be sufficient to improve aerobic

fitness and, if sustained for B25 min, results in an increased

total energy expenditure of B12%,19 which should be

sufficient to induce positive changes in body weight. The

average increase in energy expenditure related to increased

food intake is B143 kcal per day.20 In middle school-aged

youth, there is a decrease in physical activity of 13–16% per

day, or B45 kcal compared with activity levels in elementary

school children.21,22 Assuming that an adolescent of this age

requires 1600–1800 kcal per day,23 the increased energy intake

from the 143 kcal because of increased portion sizes, com-

bined with the lack of energy expenditure from decreased

physical activity (45 kcal), represents a 190-kcal excess or 10–

12% of total energy requirements. Thus, increasing the energy

expenditure by 12% should influence body weight and

aerobic fitness. Accordingly, a well-developed, consistently

delivered program with sufficient MVPA should have a direct

effect on weight status and insulin resistance, thereby

reducing the risk of type 2 diabetes in youth. These

assumptions provided the basis for the HEALTHY study PE

intervention component.

Physical activity from PE classes

Although PE provides a regularly scheduled time when

youth can be active, evidence indicates that PE lessons often

provide only limited amounts of MVPA. For example, in the

United States, TAAG (Trial for Activity in Adolescent Girls)

reported that sixth grade girls spent an average of 37.9% of

PE classes engaged in MVPA, when assessed using the SOFIT

(System for Observing Fitness Instruction Time) instru-

ment.24 This finding is consistent with an earlier review of

30 studies that used heart rate monitoring and reported that

students spent an average of 37.9±14.6% of a PE session

engaged in MVPA.25 The same article noted that a mean of

26.6±15.2% of time in PE was spent engaged in MVPA for 10

observation studies and 46.8±13.9% for 4 accelerometer-

based studies. Collectively, these findings suggest that most

schools do not meet the US Healthy People 2010 guidelines

of ensuring that all students are engaged in MVPA for at least

50% of their PE classes.26

A number of interventions have attempted to increase

physical activity levels during elementary (primary) school

PE lessons. CATCH (Child and Adolescent Trial for Cardio-

vascular Health), a large multi-site trial, examined the effect

of professional development training and a PE curriculum

designed to minimize sedentary time on the amount of

activity in PE classes.27 In some schools, PE was taught by

regular classroom teachers and in others it was taught by PE

specialists. Using the SOFIT instrument, they found that the

amount of MVPA obtained from PE classes could be

increased by using their curriculum and by proper staff

training, with the greatest amount of activity obtained in

classes taught by PE specialists. Although the MVPA in the PE

classes increased significantly, the increase amounted to only

a few minutes. In the ‘Move it, Groove it’ study of 18 rural

Australian primary schools, the intervention, which in-

cluded staff training, equipment supplied to the schools,

PE teacher support and a whole-school approach for

increasing physical activity, resulted in significant increases

in fundamental movement skills and a small, non-significant

increase in MVPA.28

Although less work has focused on middle schools than on

elementary schools, research has begun to examine how to

increase the amount of MVPA obtained during middle

school PE. The MSPAN (Middle School Physical Activity

and Nutrition) study was a 2-year intervention that included

15 h of PE teacher training in year 1 and 6 h in year 2,

focused on improving classroom management and instruc-

tional skills.29 PE teachers were also provided with sample

materials that were designed to aid in the development of

more active PE lessons. Analysis of the amount of MVPA

obtained during PE using the SOFIT instrument indicated

that the intervention schools increased to 18% above

baseline at the end of the 2-year intervention, and the

percentage of class time engaged in MVPA increased to 52%

of the overall lesson.29 These studies indicate that it is

possible to increase MVPA in PE classes with interventions

that focus on staff training, provision of equipment and

enhanced curriculum materials.

Pilot studies

On the basis of the evidence presented above, the HEALTHY

study group conducted two pilot studies to examine how

much physical activity could be obtained from middle

school PE classes while meeting the state-mandated instruc-

tional guidelines.30 The pilot studies showed that PE teachers

were most comfortable using the standard unit-based ap-

proach to teaching. Hence, a conscious effort was made to
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design the intervention curriculum using units centered on

specific sports or activities (for example, basketball, soccer).

A 2003 pilot study was conducted in six US middle schools

to examine the amount of MVPA that could be obtained in

classes using our curriculum. Each class teacher was provided

with 56 instructional cards that could be combined to make

lesson plans and B$6000 worth of equipment to facilitate

the use of team games involving 2–4 students per side. A

physical activity coordinator (PAC) on the study staff

provided in-service training for the PE teachers on topics,

including high skills progression, classroom management

techniques to facilitate small group activities and instruc-

tions to encourage student participation in PE. Each school

was also provided with a qualified PE teacher assistant. A

random sample of five students in each class wore heart rate

monitors during the 8-week study to determine the number

of minutes and percentage of class time spent engaged in

MVPA defined as the number of minutes with a heart rate

X130 b.p.m. (beats per minute). Over the 8 weeks of pilot

interventions, MVPA was fairly constant across schools at

approximately 63–76% of the monitored class time, exclud-

ing time to dress out. The minutes of MVPA were considered

to be as good as or better than previous studies of middle

school PE.6,24,29,31–34

Although the activities that were delivered in the 2003

pilot study provided high amounts of MVPA, they did not

meet the state-mandated instructional requirements. There-

fore, another pilot study was conducted in 2004 in seven US

middle schools to examine how much MVPA could be

obtained when the activities were incorporated into lesson

plans that met the state-mandated guidelines. The revised

program was implemented with modified PE teacher train-

ing, the same equipment and a PE teacher assistant. Random

heart rate monitoring, using the same procedures used in

2003, indicated that the participants engaged in MVPA

between 49–58% of the lesson time with no differences

between normal weight and overweight students.

On the basis of pilot work, the differences in class lengths

and days at each of the seven sites, and the realization that

there was limited possibility of obtaining and sustaining an

entire PE class of MVPA while meeting the state-mandated

curricular requirements, a school eligibility criterion of at

least 225 min of PE classes for each 2-week period was

established to provide the opportunity for students to receive

at least 150 min of MVPA over 2 weeks in PE classes.

PE intervention component curriculum

The PE intervention component curriculum contained core

teaching units that were included in all 3 years, elective units

chosen by the local PE teacher to complete the PE program

and locally developed units. The core units were selected on

the basis of pilot study data showing they met the MVPA

criterion and were popular with both students and PE

teachers. The core activities consisted of basketball, soccer

(speedball embedded) and team handball. Before the

HEALTHY study, team handball was not a routine activity

at many schools, but our pilot studies found it to be

extremely popular. These units were repeated in each

successive grade and modified yearly to incorporate develop-

mentally appropriate skills and fitness levels. In addition to

these core units, the PE teacher could choose from a list of

elective units to complete the PE program. The list of

electives included badminton, cooperative/adventure games,

dance, floor hockey, football, Frisbee, lacrosse, pickleball,

softball, swimming, table tennis, tennis, track and field and

volleyball. Specifically, cooperative/adventure activities,

dance, fitness, football, softball, swimming and volleyball

were developed for the sixth, seventh and eighth grades,

whereas floor hockey, Frisbee, lacrosse, racquet sports, soft-

ball and track were developed for the seventh and eighth

grades. Cooperative/adventure games were part of an

introductory unit taught at the start of the year for the

seventh and eighth grades to improve socialization. Jump

rope was taught as part of the sixth grade fitness unit and

then integrated throughout the unit plans in the seventh

and eighth grades.

Each unit plan included 8–15 lessons. Lessons reflected

‘best practices’ of middle school PE and the NASPE (National

Association for Sport and Physical Education) 2001 Position

Statement on Appropriate Practice for Middle School

Physical Education.35 Lessons were developmentally appro-

priate for the designated grade level. Lesson scope and order

were arranged to build skills and abilities sequentially.

All lesson plans included four major elements. Each lesson

started with an ‘instant activity’ to which students were

directed immediately on entering the class. Organization

was low and instructions were simple and could be displayed

in writing, for example, on a dry eraser board, poster or chalk

board. Instant activities typically lasted 4–7 min. If possible,

the activity was related to that day’s lesson, but all were

intended to initiate levels of MVPA. For example, in the

soccer unit, each student took a soccer ball and immediately

began dribbling the ball around the gym. As more students

entered the gym, the PE teacher or assistant organized a tag

game or a keep-away game while the students continued to

dribble the soccer ball.

The instant activity was followed by a ‘health-related

physical activity.’ The health-related physical activities were

gross motor or fitness activities designed to either produce

MVPA or to increase muscular strength. These activities were

usually related to the unit and lasted approximately 6–8 min.

An example was a circuit fitness loop that included jump

rope, weights, calisthenics, stair stepping, a balance task, a

reaction test and a bounce pass station for the basketball

unit. At this juncture in the lesson, accumulation of

10–15 min of MVPA was possible.

Third, the main body of the lesson focused on student

acquisition of skills and knowledge. To maximize activity

during this portion of the lesson, all students or small groups
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of 2–4 students were given equipment and practice simul-

taneously; thus, once directions were given, there was little

inactive time. Drill and practice used individual, partner

and/or group activities, once again attempting to maximize

activity levels. The goal was to obtain 5–10 min of MVPA

during this portion of the lesson.

The practice portion of the lesson was typically followed

by lead-up games using small groups and including the skill

related to the unit of instruction. In the HEALTHY pilot

studies, student and PE teacher interviews strongly suggested

that they preferred to play games rather than participate in

drills, which often involved standing in line waiting for a

turn. Thus, small-group game play was used to improve

MVPA. For example, instead of a typical soccer game with 11

players per side, lessons were written for multiple small areas

with teams of 4 and no goalies. Smaller teams increased

opportunities for individual skill practice and MVPA. PE

teachers were trained on how to implement small-sided

games in the lesson plans.

The small group games had the potential for accumulation

of an additional 10–15 min of MVPA. To de-emphasize

winning among the highly skilled individuals, games were

kept short and opponents were shifted at frequent intervals.

In many cases, rules were modified to insure increased

activity for all students. For example, in floor hockey, the

team had to complete three passes to three different

individuals before a goal could be attempted.

The final part of the lesson was a closure or cool-down

section in which there was no MVPA. During closure, the

students were brought together for 1–3 min to collect

equipment, debrief the lesson and to impart a health

concept related to the HEALTHY study semester theme.

These messages were developed by study group experts and

included information on the importance of consuming

water over sports drinks or soda, the importance of including

fruits and vegetables in the diet, as well as information on

trying new physical activities, reducing sedentary time, and

improving energy balance.4 Stretching and other low-

intensity exercises were part of the cool-down.

In total, the majority of the lessons had the potential to

achieve 30–40 min of MVPA in a 45-min class.

Teaching strategies to increase activity in PE classes

Several teaching strategies were used to assist in accomplish-

ing the level of MVPA. Each lesson used active roll call and

strategies for quickly grouping into partnerships and small

teams to reduce the transition time between class activities.

Concise communication cues from the PE teacher to the

students included the following: (1) the ‘80/20 rule’, mean-

ing that, after instructions were given, 80% of the students

would generally understand them, whereas the other 20%

would either figure out the rules or get clarification from the

teacher; (2) ‘fixing the leaks’, meaning that the PE teacher

and assistant would clarify student misunderstandings inside

the activity area as the activity commences; (3) the ‘principle

of three’, meaning that all game rules were presented in sets

of three for ease of remembering; and (4) ‘when before what’,

meaning that the teacher explained when to move before

releasing the students to perform. Finally, to keep the game

instructions minimal, the PE teacher stated specifically that

‘The object of the game isy’ and then briefly explained how

to play. These communication cues were an integral part of

the intervention training for the local PE teachers.

A second teaching strategy used in the HEALTHY PE

intervention component was high skills progression.36,37 An

example of using the high skills progression is teaching a

basketball pass. Students were paired and practiced station-

ary passing with a basketball. Thereafter, the students

increased the complexity of the pass, progressing to passing

the ball to a moving partner. A third student joined the

group and they engaged in a 2-on-1 keep away, transitioning

to a three-catch game inside a confined space, and finally to

a three-catch game moving in a direction and scoring points.

This strategy was embedded in multiple lessons, primarily as

a sport skill teaching strategy that sustained MVPA.

Finally, the Fitness Lab on Wheels, or FLOW, was included

in all unit plans. FLOW is a circuit training program designed

to provide MVPA. Originally, FLOW included six different

activities using equipment, for example, two strength stations

using dumbbells or elastic bands, two aerobic stations using

stair steppers or jump ropes, one reaction time station using a

knobbed ball and one balance station using a balance board.

The activities helped build strength, endurance, balance and

flexibility, while creating an individual program for each

student to monitor personal progress. For the HEALTHY

curriculum, a skill station was added, with the skill dependent

on the unit of instruction. FLOW was intended to be used as

an instant activity or as a health-related physical activity once

a week for 15–20min. Four FLOW circuits could be set up

within a gym to maximize participation, and using a

rotational approach, could accommodate as many as 48

students at a time. The number of stations could be increased

up to 12 depending on equipment availability, which could

then accommodate more than 90 students at a time. FLOW

generated considerable MVPA and was well liked by both

students and PE teachers, but was time consuming in both

preparation and organization.

Additional elements of the PE intervention
component

Equipment

In the pilot studies, the limited availability of the PE

equipment resulted in a considerable waste of time as

students waited for their turn to participate in an activity.

In the HEALTHY study, PE equipment budgets were in-

creased to B$15 000 for each intervention school over

3 years. The PE equipment included required items for core

and elective curriculum units (for example, balls, standards,
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mats, fitness equipment, cones, inflators), as well as special-

purchase items for locally developed units.

Physical activity coordinator

The PAC was an individual with considerable experience in

physical activity in children. The PAC provided the training

for the local PE teachers and their assistants, and as the

intervention unfolded, the PAC also observed and monitored

progress and provided one-on-one feedback and guidance.

The PACs themselves underwent training to become

intervention trainers. Although little is known about how

teachers learn to become trainers, even less is known about

the mentoring experienced by PE teachers.38 In other

adolescent school-based interventions, such as Pathways,

MSPAN, TAAG and Bienestar,39–42 modest published informa-

tion is devoted to the amount and kind of training that

intervention trainers received before they conducted their on-

site training programs. The HEALTHY investigators believed

that the limited gains of MVPA in previous long-term studies

could be partially attributed to inadequate investment in both

personnel training programs and training time.43 Thus, the

HEALTHY PE expert investigators applied models used for

business training that emphasized programs relevant to each

specific school setting delivered by individuals with strong

leadership and persuasion skills.44–46

PE teacher assistant

The NASPE recommends that, for safe and effective middle

school PE instruction, the size of PE classes should be

consistent with that of other academic areas, that is, on the

order of 30 students per 1 teacher.47 In our pilot studies, class

sizes ranged from 25 to more than 120 students, with

student:teacher ratios ranging from 25:1 to 41:1. Therefore,

the HEALTHY study provided at least one PE teacher

assistant for each PE class to help in class management.

The PE teacher assistant was required to have a background

in PE or coaching sports and some teaching experience.

Although the PE teacher assistant could assume complete

control of the PE classes at some of the sites, their usual

function was to work with the PE teacher(s) within the PE

classes to implement the HEALTHY PE curriculum, including

the following: (1) assisting the PE teachers with the class; (2)

relieving the PE teacher of other duties so he/she could more

effectively teach the class; (3) being assigned to teach specific

activities or groups within the classes with PE teacher

supervision; (4) managing equipment and/or facilities for

class use; (5) reporting issues, problems or non-adherence

with the HEALTHY PE curriculum at the school to the PAC;

and (6) working collaboratively with all other HEALTHY

study staff at the intervention schools so that the PE

intervention component was integrated with the other

components of the intervention. Specific duties and licen-

sing varied depending on local requirements.

PE teacher and teacher assistant training

The training program was conducted in four phases. During

the first phase of the training, the PACs met all PE teachers in

each of the intervention schools for 1–2h. The scope of the

entire HEALTHY intervention (PE, nutrition, behavior and

communications), the role of the PE teacher and the

importance of MVPA for student health were covered. In

phase two of the training, each participating PE teacher was

observed by the PAC to obtain a baseline assessment on each

teacher’s teaching style, time management skills, active

supervision of students, provision of student feedback, and

promotion of physical activity. After the assessment, the PAC

met with each PE teacher, provided both objective and

subjective feedback and encouraged the teacher to improve

his/her professional teaching skills through the use of the

HEALTHY PE handbook of lesson plans and strategies. The

third phase of training was a 6-h workshop conducted by the

PAC. The majority of time was allotted for HEALTHY study

lesson components, core teaching skills (time management,

active supervision, student feedback, class management and

fitness promotion), hands-on participation in a variety of

lessons, FLOW and implementation procedures. The final

phase of the training was interactive, individualized sessions

with each of the participating PE teachers involving 12–15h of

observation per semester and direct one-on-one mentoring

between the PAC and the PE teacher. MSPAN also found that

booster trainings were especially helpful in schools with high

teacher turnover.29 Consequently, midway through each

semester of the study, six additional hours of booster training

were scheduled. Thus, over the entire intervention, PE teachers

received 48 h of training plus weekly meetings with the PAC.

Central to the training program with the PE teachers was

effective class time management.29,41 The HEALTHY study

time management strategies focused on methods to max-

imize class time to be spent in MVPA, such as efficient roll

call, quick grouping strategies, decreased transition time and

reduced dressing out time.

Summary and discussion

The HEALTHY PE intervention component was a compre-

hensive and intensive program consisting of a grade-specific

curriculum of units and lesson plans, equipment, PE teacher

assistants, PE teacher and assistant training and mentoring,

as well as monitoring and guidance from the PAC on the staff

of each study center. The PE intervention was designed to

increase levels of MVPA in students, which would lead to

physical and metabolic changes conducive to decreasing risk

factors for type 2 diabetes in middle school students.

The strengths of the HEALTHY PE intervention compared

with previously published studies included the following:

(1) a PE curriculum and class structure focused on enhancing

student MVPA levels; (2) a curriculum based on pilot studies
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showing effectiveness and feasibility; (3) lesson plans devel-

oped by PE professionals specifically for middle school PE

teachers; (4) extensive PE teacher instruction, observation

and booster training; (5) sufficient amounts of equipment;

(6) specific behavioral messaging during daily lessons to

promote healthy lifestyle choices both in and out of school;

and (7) the opportunity to devote three consecutive years to

promote the adoption of practices and assimilation of

learned behavior patterns.

The long-term effect of programs like the HEALTHY PE

intervention component on reduction of risk factors for type

2 diabetes is unknown. As PE was integrated into the overall

intervention, extricating its individual influence will not be

possible. Another interesting question is whether practices

and behavior patterns learned during HEALTHY PE will be

sustained on an individual student or teacher level. Further-

more, although the HEALTHY PE intervention incorporated

a variety of school and state requirements, translation of the

program beyond the research setting could be problematic.

Costs related to equipment, training and staffing may prove

to be barriers to widespread implementation.

By showing that PE in middle schools can be modified to

meet Healthy People 2010 guidelines (450% of PE time in

MVPA), the HEALTHY PE intervention component could be

used to affect public policy and educational practice. The

training strategies and methods used for the PE teacher could

provide a framework for universities and colleges to train

future PE teachers and for school districts to train current

teachers to meet the 2008 Physical Activity Guidelines for

Americans regarding adolescents.48,49
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