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Background: To address childhood obesity, strategies are needed to maximize physical activity during the school day. The San 
Luis Valley Physical Education Academy was a public health intervention designed to increase the quality of physical education 
and quantity of moderate to vigorous physical activity (MVPA) during physical education class. Methods: Elementary school 
physical education teachers from 17 schools participated in the intervention. They received SPARK curriculum and equipment, 
workshops, and site coordinator support for 2 years. A pre/post/post within physical education teacher design was used to mea-
sure intervention effectiveness. System for Observing Fitness Instruction Time (SOFIT) and a physical education teacher survey 
were collected 3 times. Results: MVPA increased from 51.1% to 67.3% over the 2-year intervention resulting in approximately 
14.6 additional hours of physical activity over a school year and 4662 kcal or 1.33 lbs. of weight gain prevention. More time 
was spent on skill drills and less time on classroom management and free play. Conclusions: The San Luis Valley Physical 
Education Academy succeeded in increasing rural, low-income students’ physical activity. The multicomponent intervention 
contributed to the program’s success. However, cost-effective approaches are needed to disseminate and implement evidence-
based practices aimed at increasing students’ physical activity during the school day.

Keywords: childhood obesity, moderate-to-vigorous physical activity (MVPA), System for Observing Fitness Instruction Time 
(SOFIT), Sports, Play, and Active Recreation for Kids (SPARK)

The Whole School, Whole Community, Whole Child approach 
to education includes physical education and physical activity as 
one of the 10 components needed to support a child’s health and 
academic development.18 In laying out an agenda for physical edu-
cation as a public health strategy, Sallis and colleagues introduced 
the concept of HOPE, or “health optimizing physical education”19. 
In HOPE, physical education is focused on health-related physical 
activity and fitness, students are active at least 50% of the time, all 
students are engaged during physical education class regardless 
of ability, and students’ physical education experience positively 
contributes to their overall physical activity levels outside of class. 
To date, SPARK and CATCH are 2 curricula that have been rig-
orously tested and demonstrated to increase MVPA and student 
enjoyment of physical activity.20,21 Sallis and colleagues call for 
dissemination studies to learn about program effectiveness and 
strategies for getting evidence-based programs such as SPARK 
and CATCH adopted, implemented, and sustained in high need 
populations.19

SHAPE America makes several recommendations that align 
with HOPE: (a) standards for physically educated students, (b) 150 
minutes a week for elementary school students and 225 minutes a 
week for secondary school students, (c) appropriate instructional 
practices, and (d) student and program assessment.22 However, 
most schools do not implement these recommendations and prin-
cipals need more knowledge about quality physical education so 
that they can help physical education teachers address barriers to 
implementing best practices.23 Professional development, if deliv-
ered effectively, can help physical education teachers and principals 
provide HOPE and develop a physical education program reflective 
of SHAPE America’s recommendations.

Fullan24 warns about the dangers of professional development 
programs that fail to ask the question, “Why is change needed?” 
and stresses the importance of continual support and follow-up 

Approximately 3 out of 10 children in the United States are 
overweight or obese and therefore at greater risk for obesity in 
adulthood1 and chronic diseases such as heart disease, diabetes, and 
cancer.2 According to the latest published data, national childhood 
obesity rates are holding steady among 2- to 19-years-olds3 and are 
declining among low-income, preschool-aged children.4 However, 
Colorado is one of only 3 states showing a statistically significant 
increase in childhood obesity (9.9% in 2003 vs. 10.9% in 2011).4–6

Public schools are important settings for promoting healthy 
behaviors and reversing obesity trends,7 with physical education 
sometimes being the only structured opportunity in which rural 
children get physical activity.8–12 Decreases in body mass index 
among low-income, rural students are associated with schools that 
promote better physical education and physical activity opportuni-
ties.13 However, for at least the past 5 years, the amount of physical 
education elementary school students receive has not increased in 
rural Colorado14 despite national and state initiatives such as the fed-
erally mandated Local Wellness Policy,15 the U.S. National Physical 
Activity Plan,16 and Colorado’s House Bill 11 to 1069 requiring 
schools to provide at least 30 minutes of daily physical activity.17 
Given the lack of progress in increasing physical education time, 
intentional efforts are needed to maximize moderate-to-vigorous 
physical activity (MVPA) levels during physical education class 
as well as to improve the quality of instruction.
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after initial training. In addition, he emphasizes that an educational 
change initiative should involve teachers and principals from the 
beginning to ensure that their needs and interests are central. 
According to Fullan, effective professional development programs 
prompt teachers to self-reflect and take risks in implementing new 
methods of teaching and creating effective learning environments, 
and in so doing, feel a sense of ownership in the process. However, 
pedagogical change and learning new ideas takes place gradually 
and is a difficult process; thus teachers should receive a combination 
of pressure and support.24 Support could include essential curricular 
resources, continuous in-service training, and on-going site-based 
support. Pressure could include the expectation that teachers will 
implement specific curricular and instructional approaches with 
their students.

Unfortunately, professional development programs in physical 
education often involve “single shot,” 1-day workshops that have 
been characterized as “intellectually superficial, disconnected from 
deep issues of curriculum and learning, fragmented, and noncu-
mulative.”25 Four conditions are needed for effective professional 
development: teachers must initiate and actively participate; teachers 
need pressure and support for change at the local level; teachers 
need to change their beliefs and practices; and teachers need to feel 
ownership in making change.24

Fullan’s framework informed the San Luis Valley Physical 
Education Academy’s (hereafter “PE Academy”) development. 
Through a university-community partnership26 the PE Academy’s 
goal was to equip teachers with the beliefs, knowledge, and 
skills to implement evidence-based physical education curricula 
and practices to increase the quality of physical education and 
quantity of MVPA in a rural, low-income setting. Based on 4 
interdependent evidence-based components integral to improv-
ing physical education quality,27 the PE Academy consisted of 
the following elements:

•	 An evidenced-based curriculum (SPARK) with common cur-
riculum and instructional strategies, and essential equipment 
and curriculum materials

•	 Continuous (rather than one-time) professional development 
over 2 years in group settings (ie, SPARK workshops and 
booster sessions, PE Academy Booster workshops covering 
additional topics such as a rubric for high quality physical 
education, and a professional learning community)

•	 Ongoing, one-on-one professional development for principals 
and physical education teachers in school settings via master 
physical education teachers called Site Coordinators

•	 A university/K–12 school partnership enabling physical educa-
tion teachers and principals to incorporate the latest physical 
education evidence-based practices.

This dissemination study posed 3 research questions:

	 1.	 To what extent did the PE Academy succeed in increasing 
HOPE for all students at all grade levels (operationalized here 
as increased student MVPA; increased physical education 
teacher time spent on knowledge, fitness, skill instruction, and 
promoting activity and fitness during and out-of-class time; 
and decreased time spent on class management, free play and 
games)?

	 2.	 To what extent did change in MVPA vary by physical educa-
tion teacher characteristics (gender, number of years teaching 
physical education, certification status)?

	 3.	 Were there additional gains in MVPA after a second year of 
intervention?

Methods
Schools and Research Design
The San Luis Valley (SLV) is an 8188 square mile rural intermoun-
tain valley in south-central Colorado. There are 17 elementary 
schools across 14 school districts with approximately 3803 students 
(224 students per school on average): 50.6% Hispanic, 70.5% 
qualifying for free/reduced lunch.28

In spring 2011, PE Academy staff visited principals and physi-
cal education teachers in all 17 elementary schools to explain the 
program and review then sign a Memorandum of Understanding 
(MOU). The project was referred to as Healthy Eaters, Lifelong 
Movers (HELM) and had 2 components: the PE Academy and 
Assess, Identify, Make it Happen (“AIM”), a strategic planning 
process used in schools to increase student opportunities for physi-
cal activity and healthy eating by implementing evidence-based 
environment and policy practices.29 Five of the schools had already 
completed AIM in 2005–2006 and thus were only invited to partici-
pate in the PE Academy part of HELM. The remaining 12 schools 
were invited to complete both AIM and the PE Academy. Schools 
received $4,000 for participating in the AIM component. For the 
PE Academy, each school was told they would receive SPARK 
curriculum manuals; equipment; workshops; and site coordinator 
support in which a master physical education teacher would visit 
physical education teachers and principals at the school up to 2 
times per month to provide support with SPARK implementation, 
curriculum development, assessment and observation practices, 
and information about the link between physical activity and 
academic achievement. In return, schools were asked to partici-
pate in the PE Academy by having physical education teachers 
attend 4 SPARK workshops (principals were only required to 
attend 2 workshops), SPARK booster sessions, and PE Academy 
workshops; implement the kindergarten to 2nd grade (K–2) and/
or 3rd to 6th grade (3–6) SPARK curriculum in at least 1 grade 
level in Year 1 and at least 1 additional grade in Year 2; host site 
coordinator visits at least once per month with the principal and 
physical education teacher; ensure physical education curriculum 
alignment with new Colorado state standards; and participate in 
annual data collection including SOFIT and surveys with both 
principals and physical education teachers.

The Colorado Multiple Institutional Review Board approved 
the study protocol and the MOU, a contract describing the roles 
and responsibilities of the school and university. All 17 elemen-
tary schools agreed to participate in the PE Academy and all 12 
schools eligible for AIM agreed to participate in that component 
as well. During the summer before the intervention began, schools 
received an average of $3,953 in equipment (min: $2,518; max: 
$5,191 based on the largest number of students in a physical 
education class).

A pre-post within teacher design was used to address the 
research questions posed in this study. Baseline data were collected 
in spring 2011, Year 1 post data were collected in spring 2012, and 
Year 2 post data were collected in spring 2013. The intervention 
began in fall 2011 with 22 physical education teachers in 17 schools 
and ended in spring 2013.

PE Academy Intervention
Table 1 describes the chronology of PE Academy events.

To increase students’ MVPA through higher quality physical 
education instruction (defined as more time spent on knowledge, 
fitness, skill instruction, and small-sided, modified game play 
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Table 1  Physical Education Academy Intervention and Evaluation Activities in Elementary Schools

Activity
Awareness raising and recruitment activities
  Oct 2009–Nov 2009 Focus groups with PE teachers, principals, superintendents, and school board members

The goal of the focus groups was to solicit input on the proposed PE Academy and in the process, it raised 
awareness that a professional development program was being planned.

  December 2009 “Healthy Students + Healthy Schools = Academic Success” Conference
The goals of this 1-day conference were to provide school administrators, staff, and wellness committees with 
the latest data, tools, and resources to increase opportunities for physical activity and healthy eating as well as to 
inform school stakeholders of the contents and timing of the PE Academy grant proposal.

  October 2010 E-mail
A notification was sent to principals and PE teachers informing them that the PE Academy grant proposal was funded.

  March 2011 “Happy Visits”
Site coordinators visited PE teachers at school sites to share information about the PE Academy, gain support, and 
ask permission to meet with principal to explain program.

  February 2011–April 2011 School Recruitment and Memorandum of Understanding
Site coordinators met with principals and PE teachers in each school to explain details of the program and 
expectations of each party, and sign memorandum of understanding.

Intervention activities
  April 2011–May 2011 Baseline SOFIT and PE Teacher Survey Data Collected
  May 2011 Orientation

1/2 day session in which principals and physical educators learned about the PE Academy’s purpose, programs and 
services, and participation requirements.

  August 2011 Distribution of SPARK Equipment to Schools
Each school received a standard SPARK equipment package based on the largest PE class. On average, schools 
received $3,953 in equipment.

  August 2011 SPARK Workshop Day 1 (K–2 & 3–6)
In this 2-day workshop, a SPARK trainer provided day 1 instruction and demonstration on the SPARK K–2 & 3–6 
curricula (one curriculum per day).

  September 2011–May 2012 Year 1 Site Coordinator Visits to PE Teachers
Master PE teachers completed 11 mentoring visits to each of the 22 elementary school PE teachers and worked 
systematically through the “Rubric for High Quality PE”

  September 2011–May 2012 Year 1 Site Coordinator Visits to Principals
Master PE teachers completed 4 visits to each of the elementary school principals and discussed components of 
high quality PE, advocating for PE on the district level, and supporting the delivery of high quality PE.

  November 2011 SPARK Workshop Day 2 (K–2 & 3–6)
In this 2-day workshop, a SPARK trainer provided day 2 instruction and demonstration on the SPARK K–2 & 3–6 
curricula (one curriculum per day).

  March 2012–May 2012 Year 1 Follow Up SOFIT and PE Teacher Survey Data Collected; PE Teacher Key Informant Interviews
  September 2012 SPARK Booster Session and PE Academy Workshop (K–5)

In this 2-day session, a SPARK trainer provided a booster training on the SPARK curriculum on day 1 and the PE 
Academy staff led a workshop on the “Rubric for High Quality PE” on day 2.

  September 2012–May 2013 Year 2 Site Coordinator Visits to PE Teachers
Master PE teachers completed an average of 7 additional mentoring visits to each of the 22 elementary school PE 
teachers. For this set of visits, a tailored approach was used in which PE teachers selected areas of the “Rubric for 
High Quality PE” on which to focus.

  September 2012–May 2013 Year 2 Site Coordinator Visits to Principals
Master PE teachers completed an average of 3 additional visits to each of the elementary school principals to 
continue discussions on components of high quality PE, advocating for PE on the district level, and supporting the 
delivery of high quality PE.

  March 2013–May 2013 Year 2 Follow Up SOFIT and PE Teacher Survey Data Collected
  June 2012 Collaboration with Adams State University (ASU) Physical Education Department for preservice training 

of physical educators
Site coordinator worked with ASU faculty to encourage the use of SPARK for preservice PE teacher education 
and assisted ASU faculty in the development of a lesson plan template that adhered to Colorado requirements and 
included curricular planning components of the HELM “Rubric for High Quality PE”

  April 2013 In-service courses for physical educators
“Teaching Strength & Conditioning in Secondary School” and “Personal & Physical Wellness: Focusing on 
K–12 Fitness”—These 1-credit skill building courses were designed for in-service elementary and secondary PE 
teachers, and satisfied requirements for credit toward licensure.

(continued)
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and less time spent on class management and free play), a rubric 
was developed and used in the PE Academy to build physical 
education teachers’ knowledge, skills, and self-efficacy in the 
following areas:

	 1.	 Planning: effectively plan curriculum and lessons that inten-
tionally reflect state and national standards and use a variety 
of teaching styles and best practice strategies to accommodate 
students’ diverse learning styles

	 2.	 Management: effectively manage student behavior to maximize 
instruction time and promote positive social behavior

	 3.	 Communication: effectively communicate with students to 
promote efficient content learning, improved student focus, 
and increased on-task behavior

	 4.	 Learning Environment: promote positive student self-concept 
by establishing a success-oriented environment that is inclusive 
of all students and cultures

	 5.	 Movement: achieve a high level of moderate to vigorous 
physical activity during physical education class by integrat-
ing whole body movement in class activities and management 
procedures as well as by encouraging physical activity in and 
out of class

	 6.	 Skill Instruction and Assessment: promote the advancement of 
student skills, fitness, and knowledge by providing appropriate 
skill instruction, practice, assessments, and goal-setting

	 7.	 Program and Professional Development: advocate for and 
improve the quality of the physical education program by inte-
grating and collaborating with colleagues, seeking resources and 
professional development, and promoting the benefits of physical 
education on building, district, state, and/or national level.

The 2 site coordinators visited each physical education teacher 
in their school 11 times in Year 1 and 4 to 8 times in Year 2 to 
provide support with SPARK implementation, information on the 
latest physical education evidence-based practices, and coaching 
on instructional practices. During each of those visits, site coor-
dinators observed 1 to 3 physical education classes and then met 
with the physical education teacher for approximately 30 to 45 
minutes to provide feedback, discuss instructional practices, and 
set goals related to the 7 areas. Each site coordinator also met with 
each principal 6 times over the 2 years to discuss the link between 
physical activity and academic achievement, provide information 
about the characteristics of high quality physical education, and to 
give principals skills to conduct assessments of physical education 
teacher effectiveness.

Data Collection: Outcome Measures

SOFIT (System for Observing Fitness Instruction Time).  Mod-
erate-to-vigorous physical activity and lesson context were 
obtained through observations of physical education lessons 
using the System for Observing Fitness Instruction Time (SOFIT) 
instrument.30,31 The same data collectors were used for pre and 
post data collection and received training before baseline data 
collection from the SPARK School Specialty organization. The 
SPARK trainer established interrater reliability by requiring data 
collectors to code live and prerecorded samples with a minimum 
of 80% reliability. In the field, data collectors conducted interrater 
reliability on 13% of all SOFIT data collection events at baseline, 
6.3% at Year 1 post, and 7.4% at Year 2 post. Interrater reliability 
was 89.9% at baseline, 91.1% at Year 1 post, and 92.4% at Year 
2 post. Lesson observations were conducted in each school on 2 
to 3 days. Observation days were selected based on the teacher’s 
class schedule, avoiding observing the same group of students 
on multiple days, and avoiding observing classes on consecutive 
days. A total of 13 observations were removed before data analy-
sis either because the instructor being observed was a substitute 
teacher (n = 5), the physical education teacher was asked to teach 
something that did not involve physical activity (n = 4), or because 
the physical education class observed was not at least 16 minutes 
long (n = 4). After removing the 13 observations, a total of 532 
lessons were retained for analyses (199 at baseline; 181 at Year 
1 post; 152 at Year 2 post). The number of lessons observed per 
K–5 grade level ranged from 11 to 38 with an average of 25 les-
sons per grade. One school had 6th graders in their elementary 
school comprising 5 of the 532 observed lessons. In addition, 73 
mixed grade physical education lessons were observed. The aver-
age number of lessons observed per teacher was 11.7 at baseline, 
10.6 in Year 1 post, and 8.9 in Year 2 post. The total number of 
lessons observed per teacher over the 3 time periods was 31.7 
with a range of 7 to 55.

Data collectors simultaneously coded children’s activity levels 
(lying down, sitting, standing, walking, vigorous) and lesson context 
(management, knowledge, fitness, skill practice, game play, free 
play). Student gender and class grade level(s) were also recorded. 
Summary measures included: number of minutes in vigorous 
physical activity (VPA), % of lesson time spent in VPA, number 
of minutes in MVPA, % of lesson time spent in MVPA, % of time 
spent in MVPA during the first 5 minutes of class, and total esti-
mated energy expenditure rate (kcal/kg/min). The latter is an overall 
index summary score that takes into account relative energy costs 

Activity
  August 2012–February 2013 Professional Learning Communities

5 full-day professional learning community days were scheduled (bimonthly) by San Luis Valley Superintendents 
Advisory Council (SAC) and included teachers from all 14 districts organized into content areas. HELM PEA 
organized agenda related to both SAC initiatives and HELM “Rubric for High Quality PE.” Goals for the PLC 
days included increasing PE teacher’s knowledge and skills related to effective teaching strategies, curriculum 
requirements related to current legislation (Colorado SB-10-191), and support using the SPARK PE curricular 
materials.

  April 2013–present Community of Practice
PE teachers from several districts and PEA site-coordinator created a community of practice to provide direction to 
the Professional Learning Community and to plan the 5 meeting days for the 2013-14 school year. Representatives 
met with superintendents at a SLV SAC meeting to announce the formation of the group and obtain support for 
leading PE professional development days during 2013-14 school year. The group established a Facebook page 
called PE4SLV.

Table 1  (contiued)
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of lesson minutes observed in which children are lying down, sit-
ting, standing, walking, and being very active. It accounts for both 
lesson length and physical activity intensity.32

Data Collection: Physical Education  
Teacher Measures

Physical Education Teacher Survey.  Each spring, physical educa-
tion teachers completed a survey. At baseline (May 2011), paper and 
pencil surveys were completed at the HELM orientation session. 
At Year 1 and 2 follow-up, surveys were completed using Survey 
Monkey (http://www.surveymonkey.com). Questions covered 
physical education teacher characteristics, job position, classroom 
characteristics as well as perceptions about the school’s physical 
education program.

Data Analyses

Data analysis was conducted using SAS/STAT software, Version 9.3 
of the SAS System for Windows (SAS Institute Inc). Descriptive 
statistics were used to determine means and standard deviations of 
physical education teacher characteristics.

Each outcome measure was examined with a linear mixed-
model regression analysis that compared student activity levels 
and lesson context over time with teacher as the unit of analysis. 
The time variable included baseline, Year 1 post and Year 2 post. 
Since only 1 school had more than 1 physical education teacher, 
no random school effect was included; however, teacher was 
included as a random effect. This model not only allowed us to 
account for the repeated measures on teachers but also allowed 
us to include the 2 teachers who were no longer teaching physical 
education during Year 2 post data collection. Dependent vari-
ables included: (1) average number of minutes and percentage of 
lesson time students were vigorously active (VPA%), (2) average 
number of minutes and percentage of lesson time students spent in 
MVPA (MVPA%), (3) average % of time students were engaged 
in MVPA in the first 5 minutes of class and (4) average estimated 
energy expenditure, a summary variable (kcal/kg/min) that com-
bined lesson length and student activity levels to estimate relative 
energy expenditure during the lesson. Average proportion of class 
time allocated to each of the lesson contexts was also analyzed. 
Effect size was calculated for differences between baseline and 

Year 1 post and then again for Year 1 post vs. Year 2 post using 
Cohen’s d for dependent samples.33 Because Cohen’s d requires 
matched observations across time points, the 2 teachers without 
data in Year 2 post were not included in the Year 1 versus Year 2 
post d calculation.

To compare percentage of lesson time students spent in MVPA 
with teacher characteristics, we used a linear mixed-model regres-
sion analysis, with teacher as the unit of analysis. A time variable 
(baseline; Year 2 post) was included in both models as was teacher 
as a random effect. To test whether a difference in MVPA over time 
varied by a characteristic, the interaction of time (baseline; Year 2 
post) and the characteristic was included in the model.

Results

Seventeen schools participated in the intervention. Of the 22 physi-
cal education teachers in those schools, 21 completed the interven-
tion. However, 4 of the 21 physical education teachers were not 
included in the analyses because of incomplete data (eg, there was 
no baseline SOFIT or baseline physical education teacher survey 
data in spring of 2011 either because the physical education teacher 
had not yet been hired or designated as a physical education teacher 
by the school; in one case, there was no post SOFIT data because 
the teacher did not complete the intervention). Thus, data analyses 
were limited to 17 physical education teachers in 15 schools for 
whom there was a complete set of data.

Physical Education Teacher and Classroom 
Characteristics

Table 2 shows demographic information about physical education 
teachers who participated in the PE Academy along with facts about 
their job and classroom.

Health Optimizing Physical Education  
Outcome Measures

Table 3 presents unadjusted means and standard deviations for 
lesson length, estimated energy expenditure, minutes and percent 
of time spent in MVPA, and lesson context. Lesson length was 
similar across years.

Table 2  Elementary School Physical Education (PE) Teacher Characteristics, 2011–12

Mean SD N

Total years teaching PE 9.9 7.6 17

Number of students in elementary PE classes 21.3 11.3 13

Number of responsibilities at school, including teaching PE 2.4 1.0 16

% of the day spent teaching elementary PE 56.4 32.0 16

Number of K–12 grades you teach PE 5.1 2.1 16

% N

% PE certified 76.5 17

% female 58.8 17

% Master’s degree 35.3 17

% member of Colorado Association for Health Physical Education, Recreation, and Dance 17.7 17

% meets vigorous activity recommendations (at least 20 min/day for at least 3 days/week) 68.6 16

Note. Data are presented for teachers with baseline PE teacher survey data and baseline/year 1 post System for Observing Fitness Instruction Time 
(SOFIT) data.

http://www.surveymonkey.com/
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Change in Student Physical Activity and Lesson Context After 
the First Year of the Intervention.  At the end of the first year 
of the PE Academy, estimated energy expenditure rates increased 
among students [F(1,30) = 4.2, P ≤ .05, Effect Size (ES) d = 0.59]. 
There was a 14% gain in MVPA (51.1% at baseline; 58.4% at Year 
1 post) [F(1, 30) = 7.8, P ≤ .01, ES d = 0.69]. In addition, physical 
education teachers increased the amount of time students were in 
MVPA during the first 5 minutes of class [F(1, 30) = 9.9, P ≤ .01, 
ES d = 0.83]. There was no change in vigorous physical activity. 
Physical education teacher time spent on fitness [F(1, 30) = 5.2, P 
= .03, ES d = 0.47] and skills drills [F(1, 30) = 11.5, P ≤ .01, ES d 
= 0.86] increased while time spent in game play [F(1, 30) = 20.2, P 
≤ .001, ES d = 1.27] and free play [F(1, 30) = 4.8, P = .04, ES d = 
0.49] decreased. There were no changes in time spent on manage-
ment, or knowledge. It is important to note that the quality of game 
play cannot be ascertained via SOFIT because the protocol does 
not prompt the data collector to track factors such as small-sided, 
modified games or the numbers of students waiting on the side lines.

Additional Change in Student Physical Activity and Lesson Con-
text After the Second Year of Intervention.  Additional gains in 
estimated energy expenditure were observed from Year 1 post to Year 
2 post [F(1,30) = 19.4, P ≤ .001, ES d = 1.14]. Moderate to vigorous 
physical activity also significantly increased (58.4% at Year 1 post; 
67.3% at Year 2 post) [F(1,30) = 9.6, P ≤ .01, ES d = 0.79] resulting 
in a 1-year additional increase of 15% and an overall increase of 32% 
from baseline. In addition, time spent in vigorous activity significantly 

increased (19.5% at Year 1 post; 27.7% at Year 2 post) [F(1,30) = 
36.4, P ≤ .001, ES d = 1.96], a 39% increase since baseline. This gain 
in vigorous activity was seen for both boys (21.1% at Year 1 post; 
28.5% at Year 2 post) [F(1, 30) = 6.1, P = .02, ES d = 1.78] and girls 
(17.8% at Year 1 post; 26.8% at Year 2 post) [F(1, 30) = 9.1, P ≤ .01, 
ES d = 1.40]. In addition, physical education teachers continued to 
increase the amount of time students were in MVPA during the first 
5 minutes of class [F(1,30) = 6.5, P = .02, ES d = 1.40].

The gains made in quality instruction from baseline to Year 1 
post were maintained in Year 2 for time spent on skill drills and free 
play. Less time was spent on classroom management from Year 1 
post to Year 2 post (25.8% versus 19.6%) [F(1, 30) = 6.4, P = .02, 
ES d = 1.0]. However, improvement in Year 1 post for time spent on 
fitness did not persist in Year 2. Physical education teachers spent 
less time on fitness after the second year of intervention. There 
continued to be no change in time spent on knowledge.

Change in HOPE by Physical Education  
Teacher Characteristics
Analyses were run to examine whether change in MVPA from base-
line to Year 2 post varied depending on physical education teacher 
gender, certification/licensure status, and number of years teaching 
PE. There were no statistically significant interaction effects (data 
not shown). However, this could be due to low statistical power (eg, 
3 uncertified physical education teachers and 12 certified physical 
education teachers at Year 2 post).

Table 3  Observed Student Physical Activity and Lesson Context Among PE Teachers

Baseline (n = 17) Year 1 post (n = 17) Year 2 post (n = 15)

Mean SD Mean SD d Mean SD d

Lesson factors

  Lesson length 33.4 10.3 33.2 9.4 0.06 32.2 8.6 0.05

Energy expenditure

  Estimated energy expenditure rate kcal/kg/min 0.083 0.007 0.086* 0.006 0.59 0.094*** 0.006 1.14

  Total energy expenditure 2.79 0.98 2.87 0.82 0.36 3.02 0.82 0.85

Student activity

  % lesson time spent in vigorous activity 20.0 5.2 19.5 5.0 0.11 27.7*** 4.7 1.96

  % lesson time spent in MVPA 51.1 11.2 58.4** 8.1 0.69 67.3** 8.8 0.79

  Boys 53.7 12.6 61.5** 8.3 0.89 68.8* 8.4 0.71

  Girls 48.8 12.7 55.1 9.8 0.37 66.1** 9.4 0.70

  % of time doing MVPA in first 5 minutes of class 49.7 16.4 62.0** 14.1 0.83 72.3* 12.4 1.40

  Number of minutes in MVPA 17.5 7.6 19.5 6.1 1.00 21.5 6.6 0.86

Lesson context

  % lesson time spent in management 23.6 13.5 25.8 9.2 0.16 19.6* 9.3 1.0

  % lesson time spent in knowledge 11.3 7.0 12.3 5.3 0.14 12.4 7.1 0.06

  % lesson time spent in fitness 19.0 10.4 24.4* 9.5 0.47 17.7** 8.2 1.33

  % lesson time spent in skill drills 9.7 11.1 23.8** 13.1 0.86 22.6 15.2 0.05

  % lesson time spent in game play 35.1 20.7 13.5*** 11.6 1.27 27.5** 23.6 0.79

  % lesson time spent in free play 1.3 2.5 0.2* 0.6 0.49 0.1 0.4 0.18

  % lesson intervals spent promoting activity  
  and fitness during and out-of- class time 31.7 14.2 33.2 13.7 0.18 28.3 10.0 0.93

Note. * P < .05, ** P < .01, ***P < .001; Asterisks in the Year 1 post column compare baseline to year 1 post; asterisks in the Year 2 post column compare year 1 post to 
year 2 post. Effect size Cohen’s d under Year 1 post compare baseline to year 1 post; d under Year 2 post compare year 1 post to year 2 post.

Abbreviations: MVPA, moderate-to-vigorous physical activity.
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Discussion
Rural schools are an important setting to prevent childhood obesity. 
However, given the lack of progress in increasing the amount of time 
students can spend in physical education classes, it is important to 
maximize opportunities for students to be moderately to vigorously 
active during class time. Finding ways to improve physical education 
is especially timely given its prominent role in the Whole School, 
Whole Community, Whole Child model put forth by the Centers for 
Disease Control and Prevention and the Association for Supervision 
and Curriculum Development.18 The PE Academy was designed 
to increase rural, low-income elementary school students’ MVPA 
during physical education class and to increase physical education 
teachers’ quality of instruction.

Sallis and colleagues19 call for dissemination research to 
understand what is needed to scale up evidence-based programs. 
This paper provides evidence that SPARK can be successfully dis-
seminated to rural, low-income schools districts and that schools 
demonstrate additional gains from a second year of intervention. 
However, significant resources were needed. Teachers received 
equipment, curriculum materials, professional development train-
ings by elite SPARK trainers, and site coordinator support for 2 
years. Thus, achieving “HOPE” is an expensive proposition. The PE 
Academy cost approximately $1.2M. This figure included middle 
and high school components not discussed in this paper as well as 
significant personnel time to develop the approach and evaluate 
the program. Nevertheless, cost-effective approaches are needed to 
respond to the call for HOPE. Future iterations of the PE Academy 
(currently being implemented in another rural area—southeast 
Colorado) are expected to cost less due to a reduction in the number 
of site coordinator visits and the incorporation of social media to 
build a “virtual” professional learning community among teachers.

At the time the intervention began, students were already active 
at least 50% of the time they were in physical education class. How-
ever, after 1 and then 2 years of intervening with physical education 
teachers, MVPA levels increased to 58% and then 67%. This trans-
lated to an additional 4.9 minutes of MVPA. When standardized to a 
30-minute physical education period at both baseline and Year 2 post, 
this amounts to 4.6 additional minutes in MVPA. These gains were 
achieved without lengthening the physical education period. Using 
the same calculations presented in McKenzie et al34 this translates 
to 14.6 more hours of physical activity over a school year and 4662 
kcal or 1.33 lbs. of weight gain prevention for a 41-kg student.

Gains in MVPA exceeded other SPARK-based interventions 
that also included site coordinator support. For example, the PE 
Academy produced a 32% increase in MVPA whereas The Middle 
School Physical Activity and Nutrition intervention (M-SPAN) 
resulted in an 18% increase after the second full year of interven-
tion. In M-SPAN teachers attended workshops and received site 
coordinator visits every 2 weeks in Year 1 and every month in Year 
2.34 The PE Academy’s results are on par with a 2.5-year CATCH 
intervention that also provided physical education teachers with 
curriculum, workshops, and on site coaching every 2 weeks.20

The PE Academy had mixed success in changing lesson context. 
After the intervention was completed, SOFIT results were presented 
to a small group of physical education teachers who participated in 
the intervention. They thought that the lack of change in time spent 
on classroom management from baseline to Year 1 followed by a 
decrease in Year 2 reflected teachers’ initial struggles to implement 
SPARK strategies followed by more mastery over time.

Strategic investments are needed to sustain gains. For exam-
ple, a 5-year follow up study of the CATCH physical education 

curriculum found that gains in moderate activity were maintained 
but vigorous activity levels sharply declined.35 School support and 
teacher training were positively associated with using the evidence-
based curricula 5 years later.

The PE Academy team received a second grant to sustain gains 
and institutionalize professional development activities in the com-
munity. A 2-fold approach is planned to shift responsibility from PE 
Academy staff to community members such as SLV school districts, 
master physical education teachers, and the local higher educa-
tion institution, Adams State University (ASU). First, a physical 
education advocacy campaign for school boards, superintendents, 
principals and community will be implemented to increase knowl-
edge about the link between academic achievement and physical 
activity and the value of physical education. School districts will 
be encouraged to increase the amount of physical education stu-
dents receive, establish policies requiring 150 minutes of physical 
education per week for elementary and 225 minutes for secondary 
schools, require health optimizing physical education (HOPE) be 
implemented, increase funding of HOPE in schools for purchasing 
new equipment, hire high quality physical education teachers, and 
support professional development. Second, a physical education 
teacher sustainability intervention consisting of workshops and a 
professional learning community will be implemented over a school 
year to maintain knowledge and skills related to HOPE.

At a time when childhood obesity rates are on the rise in Colo-
rado, strategies are needed to increase daily physical activity and 
healthy eating. The PE Academy succeeded in increasing physical 
activity during physical education class. This study provides impor-
tant information about what it takes to successfully disseminate and 
implement SPARK, an evidence-based physical education curricu-
lum shown to increase MVPA. While costly, site coordinator support 
and equipment proved essential in ensuring that physical educators 
had the support and resources needed to implement the curriculum. 
This study supports Fullan’s contentions that continual support and 
follow-up are needed after initial training.24 Because of the high cost 
involved with implementing the PE Academy, additional studies are 
needed to test the effectiveness of smaller interventions designed 
to increase MPVA in which the amount of site coordinator support 
and equipment are decreased.

Acknowledgments

The authors gratefully acknowledge the contributions of the Healthy 
Eaters, Lifelong Movers Steering Committee, state and national consultants 
including Terry Jones, Missy Parker, Thom McKenzie, and Fran Zavacky; 
Project Staff including Gary Lichtenstein, Jerry Jones, Shirley Berg, John 
Naranjo, Desarae Reese, Kran Dugar, and Nicole Smith; and SPARK staff 
including Paul Rosengard, Joan Gillem, Julie Green, BJ Williston, and 
Kymm Ballard. This work was supported by a grant (#3655) from The 
Colorado Health Foundation.

References
	 1.	 Biro FM, Wien M. Childhood obesity and adult morbidities. Am J Clin 

Nutr. 2010;91:1499S–1505S. PubMed doi:10.3945/ajcn.2010.28701B
	 2.	 National Institutes of Health. Clinical guidelines on the identification, 

evaluation, and treatment of overweight and obesity in adults: The 
evidence report, 1998. Retrieved from http://www.nhlbi.nih.gov/files/
docs/guidelines/ob_gdlns.pdf. Accessed September 6, 2016.

	 3.	 Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity and 
trends in body mass index among US children and adolescents, 1999-
2010. JAMA. 2012;307(5):483–490. PubMed doi:10.1001/jama.2012.40

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20335542&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.2010.28701B
http://www.nhlbi.nih.gov/files/docs/guidelines/ob_gdlns.pdf
http://www.nhlbi.nih.gov/files/docs/guidelines/ob_gdlns.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22253364&dopt=Abstract
http://dx.doi.org/10.1001/jama.2012.40


Physical Education Academy    1009

JPAH Vol. 13, No. 9, 2016

	 4.	 May AL, Pan L, Sherry B, et al. Vital signs: Obesity among low-
income, preschool-aged children — United States, 2008–2011. 
MMWR Morb Mortal Wkly Rep. 2013;62(31):629–634. PubMed

	 5.	 National Survey of Children’s Health. Data query from the child 
and adolescent health measurement initiative, data resource center 
for child and adolescent health website, 2010. Retrieved from http://
www.childhealthdata.org/docs/nsch-docs/colorado-pdf.pdf. Accessed 
September 6, 2016.

	 6.	 Colorado Health Institute. FAQs: New Child Obesity Data. April 3, 
2013. Retrieved from http://www.coloradohealthinstitute.org/uploads/
downloads/FAQs_on_new_child_obesity_data_finalv2.pdf. Accessed 
September 6, 2016.

	 7.	 Serdula MK, Collins ME, Williamson DF, Anda RF, Pamuk 
E, Byers TE. Weight control practices of US adolescents 
and adults. Ann Intern Med. 1993;119:667–671. PubMed 
doi:10.7326/0003-4819-119-7_Part_2-199310011-00008

	 8.	 Colorado Rural Health Center. Snapshot of rural health in Colo-
rado, 2011. Retrieved from www.coruralhealth.org/resources/
documents/2011snapshot.pdf

	 9.	 Joens-Matre RR, Welk GJ, Calabro MA, Russell DW, Nicklay E, 
Hensley LD. Rural–urban differences in physical activity, physi-
cal fitness, and overweight prevalence of children. J Rural Health. 
2008;24:49–54. PubMed doi:10.1111/j.1748-0361.2008.00136.x

	10.	 Johnson JA, Johnson AM. Urban-rural differences in childhood and 
adolescent obesity in the United States: a systematic review and meta-
analysis. Child Obes. 2015;11(3):233–241. PubMed doi:10.1089/
chi.2014.0085

	11.	 Liu J, Bennett KJ, Nusrat H, Sheng X, Probst JC, Pate RR. Overweight 
and physical inactivity among rural children aged 10-17: A national 
and state portrait, 2007. Retrieved from http://rhr.sph.sc.edu/report/
(7-1)Obesity%20ChartbookUpdated10.15.07-secured.pdf. Accessed 
September 6, 2016.

	12.	 Yousefian A, Ziller E, Swartz J, Hartley D. Active living for rural 
youth: addressing physical inactivity in rural communities. J Public 
Health Manag Pract. 2009;15:223–231. PubMed doi:10.1097/
PHH.0b013e3181a11822

	13.	 Demment M, Wells N, Olson C. Rural middle school nutrition and 
physical activity environments and the change in body mass index 
during adolescence. J Sch Health. 2015;85:100–108. PubMed 
doi:10.1111/josh.12227

	14.	 Belansky ES, Cutforth N, Chavez R, Crane LA, Waters E, Marshall 
JA. Adapted intervention mapping: a strategic planning process for 
increasing physical activity and healthy eating opportunities in schools 
via environment and policy change. J Sch Health. 2013;83(3):194–205.

	15.	 Child Nutrition and WIC Reauthorization Act of 2004, Public Law 
No. 108-4981. (2004). Available from http://www.gpo.gov/fdsys/pkg/
plaw-108publ265/content-detail.html. Accessed September 6, 2016.

	16.	 National Physical Activity Plan Alliance. United States National Physi-
cal Activity Plan, 2010. Retrieved from http://physicalactivityplan.org/
docs/2016NPAP_Finalforwebsite.pdf. Accessed September 6, 2016.

	17.	 State of Colorado. House Bill 11-1069. Concerning measures to 
increase physical activity in public schools, 2011. Retrieved from 
http://www.leg.state.co.us/clics/clics2011a/csl.nsf/billcontainers/9CF
56533FEFE87598725780800800FBF/$FILE/1069_enr.pdf. Accessed 
September 6, 2016.

	18.	 Lewallen TC, Hunt H, Potts-Datema W, Zaza S, Giles W. The Whole 
School, Whole Community, Whole Child Model: a new approach for 
improving educational attainment and healthy development for students. 
J Sch Health. 2015;85:729–739. PubMed doi:10.1111/josh.12310

	19.	 Sallis JF, McKenzie TL, Beets MW, Beighle A, Erwin H, Lee S. 
Physical education’s role in public health: Steps forward and back-
ward over 20 years and HOPE for the future. Res Q Exerc Sport. 
2012;83(2):125–135. PubMed

	20.	 McKenzie TL, Nader P, Strikmiller P, et al. School physical education: 
Effect of the child and adolescent trial for cardiovascular health. Prev 
Med. 1996;25:423–431. PubMed doi:10.1006/pmed.1996.0074

	21.	 Sallis JF, McKenzie TL, Alcaraz JE, Kolody B, Faucette N, Hovell 
MF. The effects of a 2-year physical education program (SPARK) on 
physical activity and fitness in elementary school students. Am J Public 
Health. 1997;87(8):1328–1334. PubMed doi:10.2105/AJPH.87.8.1328

	22.	 Society of Health and Physical Educators (SHAPE). Physical edu-
cation is critical to educating the whole child [Position statement]. 
Reston, VA, 2011. Retrieved from http://www.shapeamerica.org/
advocacy/positionstatements/pe/loader.cfm?csModule=security/
getfile&pageid=4650. Accessed September 6, 2016.

	23.	 Lounsbery MA, McKenzie TL, Trost SG, Smith NJ. Facilitators and 
barriers to adopting evidence-based physical education in elementary 
schools. J Phys Act Health. 2011;8(Suppl. 1):S17–S25. PubMed 
doi:10.1123/jpah.8.s1.s17

	24.	 Fullan M. The New Meaning of Educational Change. 4th ed. New 
York: Teachers College Press; 2007.

	25.	 Ball DL, Cohen DK. Developing practice, developing practitioners: 
Toward a practice-based theory of professional education. In: Sykes G, 
Darling-Hammond L, eds. Teaching as the Learning Profession: Hand-
book of Policy and Practice. San Francisco: Jossey-Bass; 1999:3–32.

	26.	 Cutforth N, Belansky ES.  (2015). A community-engaged approach 
to translating research into practice: a physical education story.  Prog 
Community Health Partnersh. 2015;9(4):571–82.

	27.	 Prusak K, Pennington T, Vincent-Graser S, Beighle A, Morgan C. 
Systemic success in physical education: the east valley phenomenon. 
J Teach Phys Educ. 2010;29(1):85–106. doi:10.1123/jtpe.29.1.85

	28.	 Colorado Department of Education. Fall pupil membership by county, 
district, race/ethnicity, and percent minority, 2011. Retrieved from 
http://www.cde.state.co.us/cdereval/rv2011pmlinks.htm. Accessed 
September 6, 2016.

	29.	 Belansky ES, Cutforth N, Gilbert L, Litt J, Reed H, Scarbro S, et 
al. Local wellness policy 5 years later: Is it making a difference for 
students in low-income, rural Colorado elementary schools? Prev 
Chronic Dis. 2013;10:130002.

	30.	 McKenzie TL, Sallis JF, Nader PR. SOFIT: System for observing 
fitness instruction time. J Teach Phys Educ. 1992;11(2):195–205. 
doi:10.1123/jtpe.11.2.195

	31.	 McKenzie TL. The use of direct observation to assess physical activ-
ity. In: Welk G, ed. Physical Activity Assessments for Health-Related 
Research. Champaign, IL: Human Kinetics; 2002:179–195.

	 32.	 McKenzie TL, Feldman H, Woods SE, et al. Children’s activity levels and 
lesson context during third-grade physical education. Res Q Exerc Sport. 
1995;66(3):184–193. PubMed doi:10.1080/02701367.1995.10608832

	33.	 Cohen JE. Statistical Power Analysis for the Behavioral Sciences. 
Hillsdale, NJ: Lawrence Erlbaum Associates; 1988.

	34.	 McKenzie TL, Sallis J, Prochaska J, Conway T, Marshall S, Rosen-
gard P. Evaluation of a two-year middle-school physical education 
intervention: M-SPAN. Med Sci Sports Exerc. 2004;36(8):1382–1388. 
PubMed doi:10.1249/01.MSS.0000135792.20358.4D

	35.	 McKenzie TL, Li D, Derby C, Webber L, Luepker R, Cribb P. Main-
tenance of effects of the CATCH physical education program: results 
from the CATCH-ON study. Health Educ Behav. 2003;30(4):447–462. 
PubMed doi:10.1177/1090198103253535

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23925173&dopt=Abstract
http://www.childhealthdata.org/docs/nsch-docs/colorado-pdf.pdf
http://www.childhealthdata.org/docs/nsch-docs/colorado-pdf.pdf
http://www.coloradohealthinstitute.org/uploads/downloads/FAQs_on_new_child_obesity_data_finalv2.pdf
http://www.coloradohealthinstitute.org/uploads/downloads/FAQs_on_new_child_obesity_data_finalv2.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8363194&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-119-7_Part_2-199310011-00008
http://www.coruralhealth.org/resources/documents/2011snapshot.pdf
http://www.coruralhealth.org/resources/documents/2011snapshot.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18257870&dopt=Abstract
http://dx.doi.org/10.1111/j.1748-0361.2008.00136.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25928227&dopt=Abstract
http://dx.doi.org/10.1089/chi.2014.0085
http://dx.doi.org/10.1089/chi.2014.0085
http://rhr.sph.sc.edu/report/(7-1)Obesity%20ChartbookUpdated10.15.07-secured.pdf
http://rhr.sph.sc.edu/report/(7-1)Obesity%20ChartbookUpdated10.15.07-secured.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19363402&dopt=Abstract
http://dx.doi.org/10.1097/PHH.0b013e3181a11822
http://dx.doi.org/10.1097/PHH.0b013e3181a11822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25564978&dopt=Abstract
http://dx.doi.org/10.1111/josh.12227
http://www.ncbi.nlm.nih.gov/pubmed/23343320
http://www.gpo.gov/fdsys/pkg/PLAW-108publ265/content-detail.html
http://www.gpo.gov/fdsys/pkg/PLAW-108publ265/content-detail.html
http://physicalactivityplan.org/docs/2016NPAP_Finalforwebsite.pdf
http://physicalactivityplan.org/docs/2016NPAP_Finalforwebsite.pdf
http://www.leg.state.co.us/clics/clics2011a/csl.nsf/billcontainers/9CF56533FEFE87598725780800800FBF/$FILE/1069_enr.pdf
http://www.leg.state.co.us/clics/clics2011a/csl.nsf/billcontainers/9CF56533FEFE87598725780800800FBF/$FILE/1069_enr.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26440815&dopt=Abstract
http://dx.doi.org/10.1111/josh.12310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22808697&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8818066&dopt=Abstract
http://dx.doi.org/10.1006/pmed.1996.0074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9279269&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.87.8.1328
http://www.shapeamerica.org/advocacy/positionstatements/pe/loader.cfm?csModule=security/getfile&pageid=4650
http://www.shapeamerica.org/advocacy/positionstatements/pe/loader.cfm?csModule=security/getfile&pageid=4650
http://www.shapeamerica.org/advocacy/positionstatements/pe/loader.cfm?csModule=security/getfile&pageid=4650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21350258&dopt=Abstract
http://dx.doi.org/10.1123/jpah.8.s1.s17
http://www.ncbi.nlm.nih.gov/pubmed/26639383
http://www.ncbi.nlm.nih.gov/pubmed/26639383
http://dx.doi.org/10.1123/jtpe.29.1.85
http://www.cde.state.co.us/cdereval/rv2011pmlinks.htm
http://dx.doi.org/10.1123/jtpe.11.2.195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7481079&dopt=Abstract
http://dx.doi.org/10.1080/02701367.1995.10608832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15292747&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15292747&dopt=Abstract
http://dx.doi.org/10.1249/01.MSS.0000135792.20358.4D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12929896&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12929896&dopt=Abstract
http://dx.doi.org/10.1177/1090198103253535

