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Abstract

Background: Improving academic achievement and reducing the rates of obesity in elementary school students are
both of considerable interest. Increased physical activity during academic instruction time during school offers a
potential intervention to address both issues. A program titled “Physical Activity Across the Curriculum” (PAAC) was
developed in which classroom teachers in 22 elementary schools were trained to deliver academic instruction using
physical activity with a primary aim of preventing increased BMI. A secondary analysis of data assessed the impact of
PAAC on academic achievement using the Weschler Individual Achievement Test-Il and significant improvements were
shown for reading, math and spelling in students who participated in PAAC. Based on the results from PAAC, an
adequately powered trial will be conducted to assess differences in academic achievement between intervention and
control schools called, “Academic Achievement and Physical Activity Across the Curriculum (A + PAAC).”

Methods/design: Seventeen elementary schools were cluster randomized to A +PAAC or control for a 3-year trial.
Classroom teachers were trained to deliver academic instruction through moderate-to-vigorous physical activity with a
target of 100+ minutes of A+ PAAC activities per week. The primary outcome measure is academic achievement
measured by the Weschler Individual Achievement Test-lll, which was administered at baseline (Fall 2011) and will be
repeated in the spring of each year by assessors blinded to condition. Potential mediators of any association between
A+ PAAC and academic achievement will be examined on the same schedule and include changes in cognitive
function, cardiovascular fitness, daily physical activity, BMI, and attention-to-task. An extensive process analysis will be
conducted to document the fidelity of the intervention. School and student recruitment/randomization, teacher
training, and baseline testing for A + PAAC have been completed. Nine schools were randomized to the intervention
and 8 to control. A random sample of students in each school, stratified by gender and grade (A + PAAC =370,
Control =317), was selected for outcome assessments from those who provided parental consent/child assent.
Baseline data by intervention group are presented.

Discussion: If successful, the A + PAAC approach could be easily and inexpensively scaled and disseminated across
elementary schools to improve both educational quality and health. Funding source: RO1- DK85317. Trial registration:
US NIH Clinical Trials, NCT01699295.
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Attention to task
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Background

Improving academic achievement and reducing obesity
and its associated negative health consequences in
elementary school students are important goals. School
based interventions that provide increased physical
activity, primarily through physical education (PE), have
the potential to address both issues; however, concern
over meeting goals for academic achievement has
resulted in the reduction or elimination of PE in many
elementary schools. This is unfortunate as evidence is
accumulating to suggest that obesity has a negative
impact on academic achievement, while increasing
physical activity may both reduce the level of obesity
and improve academic achievement. Cross-sectional
studies on the associations between physical activity,
primarily during PE, and/or cardiovascular fitness and
academic achievement, are generally positive [1,2].
However, results from the few available prospective
studies on this topic are inconsistent [3-6]. The disparate
results are likely a function of differences in study design,
measures of academic achievement (i.e., class grades,
non-standardized or standardized achievement tests),
dose and type of physical activity intervention (i.e., en-
hanced PE with an emphasis on muscular or cardiovas-
cular fitness, balance/coordination, classroom physical
activity breaks), sample characteristics (i.e., size, age,
gender, race/ethnicity), and the duration of the interven-
tion (7 weeks - 6 years). PE in elementary schools is gener-
ally restricted to 30-minute sessions, 2 or 3 days/week,
and provides limited amounts of moderate-to-vigorous
activity (MVPA) due to large class sizes, lack of space and
equipment, and in some cases, inadequate instructor
training [7-9]. Therefore, PE may not be the ideal
venue for increasing physical activity in the elementary
school setting.

To provide increased MVPA while maintaining aca-
demic instruction time, a program titled “Physical Activity
Across the Curriculum” (PAAC) was developed in
which elementary school classroom teachers were
trained to deliver academic lessons using MVPA with a
primary aim to prevent increased BMI [10,11]. The im-
pact of PAAC (2-10 minute lessons/day, 5 days/week)
on academic achievement was assessed as a secondary
analysis in a 3-year cluster randomized trial (PAAC vs.
control) at baseline and at the end of year 3 in a random
sub-sample of students (n=252), in grades 2 or 3 at
baseline, using the Weschler Individual Achievement
Test-Second Edition (WIAT-II) [12]. Significant improve-
ments were shown for all academic measures in students
attending PAAC, but not for students attending control
schools. Based on the evidence from both the literature
[1,2,6,13-16] and the PAAC study [10,11], a 3-year trial
will be conducted to evaluate the impact of physically
active instruction on academic achievement in elementary
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school students in grades 2 and 3 at baseline. A + PAAC
will alter the classroom environment by providing existing
academic lessons taught using physical activity. Thus, the
amount of time devoted to academic instruction is not di-
minished. The primary aim of this study is to assess differ-
ences in academic achievement in students who receive
physically active lessons and students in control schools
who receive regular academic lessons. Secondary aims in-
clude determining potential mediators of any association
between A + PAAC and academic achievement, including
changes in changes in cognitive function, cardiovascular
fitness, daily physical activity, BMI and attention-to-task.
An extensive process analysis will also be performed to
document the fidelity of the intervention. This article de-
scribes the rationale and design of this study and presents
baseline characteristics of both the participating schools
and the study sample. Other data collected at baseline is
currently being analyzed and will be the focus of forth-
coming manuscripts.

Methods

Study design and setting

Seventeen elementary schools in northeast Kansas were
stratified by school district and cluster randomized to
receive A + PAAC (N =9) or serve as non-intervention
controls (N = 8). Schools will be monetarily compensated
for participation; 50% following randomization and 50% at
study completion. All classroom teachers in A + PAAC
schools were trained to deliver two 10-minute physically
active academic lessons 5 days/week over the 3-year
intervention. Teachers in control schools were asked
continue to use traditional classroom instruction and
students in both intervention and control schools will
continue with their typical PE schedule (2-30 minute
classes/week). A random sample of 2"¢ and 3™ grade
students in each school was selected from those who
provided parental consent/child assent (stratified by
grade and gender) to complete outcome assessments
including academic achievement, cognitive function,
cardiovascular fitness, daily physical activity, and BMI at
baseline (Fall 2011) and at the end of the spring semes-
ter for the next 3 years (2012-2014). Only students in
2" and 3" grade at baseline were assessed, as they will
remain in elementary school for the duration of the 3-year
intervention. School and student recruitment school
randomization, teacher training, and baseline testing for
A + PAAC have been completed. This study was approved
by the Human Subjects Committee at the University of
Kansas (HSCL #13460).

Recruitment

The parents of students in grades 2 and 3 in both the A +
PAAC and control schools received a brief flyer describing
the study, including exclusion criteria and assessment
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procedures. Parents of students interested in participation
returned a portion of the flyer providing their contact
information to the school. The parents were then invited
to attend an informal meeting at the school with both
study staff and classroom teachers where the study was
described. Descriptive characteristics of both the interven-
tion and control schools are presented in Table 1.

Students with physical or intellectual disabilities or
learning disorders will receive A + PAAC or control as a
function of attending a participating school; however,
some students were ineligible to complete outcome as-
sessments due to their disability (i.e. blind, severe intellec-
tual disability, etc.). Baseline participant characteristics by
intervention group are presented in Table 2.

A + PAAC lessons: description

A + PAAC lessons can be used in a variety of academic
disciplines including math, language arts, geography,
history, spelling, science, and health. For example, stu-
dents might hop or skip across the classroom and count
their own “laps” as well as add laps of groups of students
(i.e., 5 students X 5 laps each = 25). Geography (north,
south, east, west) can be taught by having students run
to the appropriate area designated for one of the direc-
tions. For example, if Texas is called, students would run
or skip to the south side of the classroom. A + PAAC
simply represents a “concept” whereby physical activity is
integrated with classroom academic instruction. Thus, the
scope of physically active lessons is limited only by the
creativity of the teacher.

A + PAAC: prescribed amount/intensity

Teachers will be asked to deliver two, 10-minute A + PAAC
lessons per day, one lesson in the morning and one in the
afternoon, 5 days per week. This will result in a weekly total
of school based physical activity of ~160 minute/week
(A+PAAC=100 minutes; PE=60 minutes) which is
slightly greater than the minimum 150 minutes/week of
physical activity for children as recommended by Healthy
People 2010 [17]. A + PAAC lessons will provide MVPA
with an energy expenditure of 4—5 METs [18] that will be

Table 1 Descriptive characteristics of schools
participating in the study

Intervention Control

Total School Enrollment 369.7 +96.6 385+1219
Total 2" and 3 Grade Enrollment 978 924
(N'=1902)

2" and 3" Grade Class Size 225453 204+26
Urban/Rural Schools (n/n) 6/3 6/2
Minority (%) 238 30.2
Free/reduced lunches (%) 353 425

Values are N's or mean + standard deviation.
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Table 2 A + PAAC: participant baseline characteristics

Intervention Control
(n=370) (n=317)
Age (years) 76+06 76+06
Height (cm) 129665 129669
Weight (kg) 296+72 296+77
Waist (cm) 576+75 57177
BMI Percentile 61.1£293 61.1£300
Female (%) 479 53.1
Minority (%) 16.3 232
Free/reduced lunches (%) 265 36.7

Values are mean + standard deviation unless otherwise indicated.
Note. 698 students were randomized. 687 performed anthropometric testing.

verified by indirect calorimetry. Some recommendations
call for 60 minutes/day of MVPA for health promotion in
children [19]. However, based on focus group feedback
from our pilot study [20], it is unlikely that school adminis-
trators and teachers would tolerate this level of physical
activity in the classroom.

A + PAAC: classroom teacher training

Teachers in intervention schools were trained to deliver
A + PAAC during a 6-hour in-service session conducted
at the school prior to implementation of the intervention.
Initial teacher training will be followed by individual
meetings with study staff throughout the intervention to
provide one-on-one feedback regarding the quality of
intervention implementation. The use of an initial work-
shop is consistent with existing teacher training in-
service schedules utilized in the participating school
districts and is also similar to the training scheduled
employed in other school based physical activity inter-
ventions including Sports, Play, and Active Recreation
for Kids (SPARK) [21] and Child and Adolescent Trial
for Cardiovascular Health (CATCH) [22]. All training
sessions were conducted by a member of the research
staff who has over 25 years of experience working with
elementary schools to increase physical activity in chil-
dren. Teachers were asked to personally engage in the
A + PAAC lessons to model the active behavior for the
students. During training, the research team and
teachers had the opportunity to share ideas regarding
the development of new A + PAAC activities and to devise
innovative approaches for the delivery of the A + PAAC
program. On completion of training, A + PAAC teachers
have the skills and knowledge to reduce lesson planning
time, make smooth transitions to incorporate physical
activity into the curriculum, and be active role models for
increasing classroom physical activity in their students. To
assist teachers in delivering A + PAAC lessons, a written
teacher’s guide and access to the study website was
provided, which includes a variety of sample lessons with
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associated energy expenditure values (METs). A 1-day
(4-hour) in-service will be conducted at the beginning of
intervention years 2 and 3 to provide feedback to teachers
regarding the intervention from the previous year and to
discuss implementation of the A + PAAC intervention.

Outcome measures

Research staff training and blinding

All outcome measures were assessed at baseline (Fall
2011) and will be repeated each Spring over the 3 year
intervention. Two groups of research staff were trained
by members of the investigative team to obtain outcome
and process assessments. One group was trained on the
observations of physical activity in the classroom and
attention-to-task, while the second group was trained on
the assessment of academic achievement, cognitive func-
tion, daily physical activity, height/weight, and cardiovas-
cular fitness. Prior to data collection and then at the
beginning of each data collection period, research staff will
participate in several training sessions to review and prac-
tice standardized protocols for all assessments. Inter-rater
reliability of>0.90 will be required of all research staff
prior to participation in data collection. Research staff
obtaining measures of physical activity and attention-
to-task in the classroom cannot be blinded to intervention
group. However, staff obtaining all other assessments and
those performing data entry will be blinded to interven-
tion group.

Academic achievement

Academic achievement was assessed using the Weschsler
Individual Achievement Test-Third Edition (WIAT-III)
[23] and the Kansas Assessment, a standardized academic
achievement test administered to 3" through 12 grade
students annually by the state of Kansas. The WIAT-III
was individually administered by research staff trained and
supervised by a qualified co-investigator. Five WIAT-III
subtests (reading comprehension and oral reading
fluency, spelling, and mathematics problem solving and
numerical operations) were selected and take approxi-
mately 40-50 minutes to complete. The WIAT-III has
excellent inter-scorer reliability (i.e., 0.92 to 0.99), internal
consistency, split-half method (e.g, by age-range from
0.83 to 0.98), and test-retest stability (e.g., for children 6
to 12 years of age, 0.87 to 0.96 over 2 to 32 days). Valid-
ity is supported via item reviews of curriculum experts
and by correlations with other tests, including the
WIAT-II (e.g., .62 to .86), and measures of academic
achievement (e.g., 0.60 to 0.82) [23]. The WIAT-III was
scored by the research staff and all tests were checked
for accuracy by a trained investigator. Any discrepancy
in scores between examiner and the research team
member was resolved by a co-investigator. All scores
were entered into the WIAT-III computerized scoring
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assistant, which automatically disallows out-of-range
values and computes subtest and composite scores. In
addition to WIAT-III, the individual results of the Kansas
State Assessment (KSA) standardized achievement tests
will be obtained. These tests evaluate performance on the
Kansas State standards, which define what students should
be learning each year and are administered annually to
children in grades 3 and higher. Two years of results for
children initially in 2"! grade and 3 years of results for
children initially in 3™ grade will be obtained.

Cognitive function: modified Eriksen flanker task

Cognitive control was evaluated using a computer based
modified Eriksen flanker task [24]. Since pre-adolescent
children were tested, the task will employ cartoon fish fa-
cing different directions rather than letters to reduce the
working memory requirements [16,25]. A fish facing to
the right “>” will require a right-handed response and a
fish facing to the left “<” will require a left-handed re-
sponse. These two response-eliciting stimuli were flanked
by an array of other cartoon fish that are congruent
(>>>>>or<<<<<), or incongruent (>><>>o0r<<><<)
to the centrally placed target stimulus. The incongruent
condition requires greater amounts of cognitive control
(i.e., inhibition), which results in a response delay due to
activation of the incorrect response (elicited by the
flanker stimuli) before evaluation is completed, and this
response competes with the correct response that is
elicited by the central stimulus [26]. Congruent and
incongruent conditions were equi-probable (0.5). Upon
completion, the response requirements changed on the
next task such that the participants responded in the
opposite manner (e.g., right-handed response for a left-
facing fish and vice-versa). Participants completed two
blocks consisting of 100 trials each. The outcome mea-
sures are reaction time and response accuracy. This test
(including rest between blocks) can be completed in less
than 15 minutes.

Cognitive function: spatial n-back task

The purpose of the n-back task is to provide a continu-
ous load on working memory, requiring updating and
reorganization of memory representations. A modified
version of the spatial n-back task includes six white-
framed boxes, each measuring 4 x 4 cm, spaced in a cir-
cular fashion 9.5 cm from a centrally-presented fixation
cross. For each trial, an illustrated black and white cow
appeared pseudo-randomly inside one of the six boxes.
For the 0-back condition, participants were instructed
to respond as quickly and accurately as possible with a
right button press when the cow appears in the upper-
right box (i.e., target), and with a left button press when
the cow appears in any of the remaining five boxes (i.e.,
correct reject). For the 1-back and 2-back conditions,
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participants were instructed to respond as quickly and
accurately as possible with a right button press if the
cow appears in the same box as the previous trial (i.e.,
target) for the 1-back condition, and two trials previous
for the 2-back condition. A left button press is indicated
if the cow is in any of the four remaining locations (i.e.,
correct reject). Targets were presented with 33.3% prob-
ability, with the 0-back condition containing 45 trials with
15 targets, and the 1- and 2-back containing 72 trials with
24 targets each. The outcome measures are reaction time
and response accuracy. This test (including rest between
blocks) can be completed in approximately 15 minutes.

Anthropometrics (Height/weight/waist circumference)
Children were weighed to the nearest 0.1 kg wearing
school clothes without shoes during the first period of the
school day on a calibrated scale (Model #PS6600, Befour,
Saukville, WT). Standing height was measured with a port-
able stadiometer (Model #IP0955, Invicta Plastics Limited,
Leicester, UK). Body mass index (BMI) was calculated as
weight (kg)/height (m?). BMI percentile will be calculated
using the CDC growth charts [27]. Waist circumference
served as a surrogate for abdominal adiposity and was
assessed using the procedures described by Lohman et al
[28]. Three measurements were taken with the outcome
recorded as the average of the closest 2 measures.

Cardiovascular fitness

Cardiovascular fitness was assessed using the Progressive
Aerobic Cardiovascular Endurance Run (PACER) used in
FITNESSGRAM [29-31]. The PACER is a multistage fit-
ness test based on a shuttle run that progresses in intensity
as participants run 20-meters back and forth with a goal
to run as long as possible. The reliability and validity of
PACER cardiovascular fitness standards have been shown
to be moderately high and acceptable [29]. A regression
equation was used to estimate aerobic fitness (VO, max)
from equivalent 1-mile run time estimated from the total
number of laps completed on the PACER [32].

Attention-to-task

Attention-to-task will be assessed by trained research staff
on the same random schedule for recording classroom
physical activity, described in the process evaluation sec-
tion below, using a modification of the procedures from
Mahar et al [33]. During each assessment, approximately
5 students will be observed for 5 minute, 20 minutes
before and 20 minutes after an A+ PAAC activity or
non-active lesson in control schools. Each child will be ob-
served for 10 seconds, after which the appropriate behav-
ior code will be circled. This procedure will be repeated
over the 5 minute interval to result in a total of ~20
observations per child. Coding includes on-task, motor
off-task, noise off-task, or passive/other off-task [34,35].
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Daily physical activity: accelerometry

Children wore an ActiGraph GT1X portable accelerom-
eter (ActiGraph LLC, Pensacola, FL) on a belt over the
non-dominant hip for 4 consecutive days (including 1
weekend day). Accelerometer data was collected and sum-
marized in 1-minute epochs with a minimum of 12 hours
constituting a valid monitored day. ActiGraphs will be dis-
tributed to participants on Wednesdays and Fridays and
returned to the school following completion of the 4-day
monitoring period. The main outcome variable is the aver-
age ActiGraph counts/minute over the 4-day period. In
addition, the average number of minutes/day over 4 days
spent at various activity levels will be assessed applying
the cut-points used in the National Health and Nutrition
Examination Survey as described by Troiano et al [36].
Physical activity count/minute and intensity levels by time
of day on both school and weekend days were assessed.

Process evaluation

Ongoing process evaluation will be completed to moni-
tor and document teacher training, the degree to which
the intervention was implemented as designed (i.e.,
fidelity), and the level of engagement in A +PAAC
lessons by both teachers and students over the 3-year
intervention (i.e., dose). Quality and effectiveness of the
teacher in-services will be assessed by self-report survey
conducted 3 months following completion of the initial
in-service, after teachers have experience implementing
A + PAAC. To measure the extent of implementation of
A + PAAC, classroom physical activity will be directly
observed every other week in both intervention and
control schools using the activity portion of System for
Observing Fitness Instruction Time (SOFIT), which is a
validated time-moment sampling technique [37]. The
energy expenditure of in-class A +PAAC activities
(METs) will be assessed via portable open-circuit, indir-
ect calorimetry (COSMED K4b* Rome, Italy) in a vol-
unteer sample of 40 students (20 boys, 20 girls). Harrell
et al [38]. Has validated the K4b? system in children
aged 8-14 years by comparing VO, obtained from the
K4b? with the results from a standard laboratory meta-
bolic cart system during rest, walking, and running. Stu-
dent characteristics that may affect intervention objectives
will be assessed including age gender, race/ethnicity. At
the end of each school year, administrators will complete a
modified version of the School Health Questionnaire [39].
Also, principals/vice principals from both intervention
and control schools will complete a 5-item survey re-
garding external or competing factors that may have
influenced the objectives of the A + PAAC intervention,
thus posing possible threats to internal validity [40],
including changes in the number of minutes allocated
to PE, adoption of any new course content intended to
increase student physical activity.
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Results

Analysis plan-primary aim: academic achievement
Changes (year 3 minus baseline) in academic achieve-
ment (WIAT-III comprehensive score) will be compared
between students attending A + PAAC intervention and
control schools using a modified two-sample ¢-test
adjusted for the intra-class correlation (ICC) [41] with a
type I error rate of 5%. Similar analysis will be completed
for WIAT-III sub-scales and for each of the secondary
endpoints (Kansas State Assessment, cognitive function,
BMI, cardiovascular fitness, attention-to-task, daily phys-
ical activity). This longitudinal study will provide multiple
assessments over time; therefore linear mixed models
will be used to assess differences in between A + PAAC
and control in the primary and secondary endpoints. A
compound symmetric correlation structure for estimat-
ing the intraclass correlation coefficient (ICC) within a
school is assumed.

Analysis plan- secondary aim: mediation analysis
Mediation will be examined using the approach de-
scribed by Baron and Kenny [42], and further extended
by MacKinnon [43] and Brown [44]. We will determine
the extent to which possible intervention effects on aca-
demic achievement (an a priori condition for mediation)
might be explained by changes in cognitive function,
BMI, cardiovascular fitness, attention-to-task, and daily
physical activity.

Exploratory analysis

In addition to mediation analysis, baseline characteristics
(BMI, gender, age, race, ethnicity as well as baseline
levels of the secondary outcomes [see mediation analysis
section]) will be evaluated as predictors of change in
academic achievement. Each of these variables will be
included in a linear mixed model, assuming a compound
symmetric correlation within each school. Stepwise re-
gression techniques will be used to determine the “best”
predictor model. “Best” will be determined by minimiz-
ing the Bayesian Information Criteria among all the
potential predictor equations.

Missing data

Predictive model-based multiple imputation will be used
to impute missing data. Since the primary longitudinal
models are a mixed linear regression, using a predictive
model-based approach will allow for the use of more ac-
tual data to impute the missing data. The rate of missing
data over time will be examined to determine if treatment,
baseline weight, gender, age, and/or school are related to
the missing data. If none of these factors is related to the
missing data, it might be safe to assume data are missing
completely at random.

Page 6 of 8

Sample size/power

The primary aim of this study is to compare change in
academic achievement (comprehensive score) between
the two treatments (A + PAAC vs. control). Power calcu-
lations were based on results from a secondary analysis
of change in academic achievement from the completed
PAAC study [10,11]. Since this is a cluster randomized
design or an inherent ICC within the schools was as-
sumed. The primary analysis will be conducted using a
modified two-sample ¢-test [41] using a type I error rate
of 5%. Table 3 describes the power for a range of ICCs,
number of schools per treatment, and sample sizes
within each school assuming an expected improvement
in academic achievement of 5 points in the A + PAAC
group, no change in the control group with a common
standard deviation of 9 points, similar to results from
the PAAC study [10].

An ICC in the range of 0.03 to 0.07 is anticipated for
academic achievement, thus to ensure at least 85%
power for this confirmatory study, 17 schools were
randomized between the two treatment groups with 40
students being recruited per school. Based on the power
analysis above, power will be sufficient with as few as 20
students per school and ICCs as high as 0.10. Given the
limited preliminary data, exact power calculations are
not possible for the secondary endpoints. However, as-
suming a type I error rate of 5%, secondary endpoints
have the following power: 0.99, 0.99, 0.96, 0.91, 0.84 and
0.74, to detect an effect size of 0.5 standard deviations
for ICCs equal to 0, 0.01, 0.03, 0.05, 0.07 and 0.10,
respectively. Thus, the study will have sufficient power
to detect any clinically meaningful difference on the
secondary endpoints.

Discussion

Cross-sectional studies suggest an association between
physical activity and academic achievement in elementary
school children [1,2]. However, results from the few avail-
able prospective studies on this topic are mixed [3-6]. The
available studies have primarily evaluated the effect of
increased PE which, in elementary school, is generally
restricted to 30 minutes/day, 2 or 3 days/week, and
provides limited time in MVPA. Thus, if physical activity

Table 3 Statistical power

Schools Students Intra-Class correlation
treatment  school 0 001 003 005 007 0.1
6 20 099 098 0.93 0.87 0.8 0.71
6 30 099 099 0.97 0.92 086 076
7 20 099 099 0% 091 086 078
7 30 099 099 0.99 0.95 0.9 0.82
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is to be increased in elementary schools, venues other than
PE need to be developed and evaluated.

Promoting increased physical activity using A + PAAC
has a number of potential advantages. The elementary
school setting provides an opportunity to increase the
levels of physical activity in a large population of children.
A +PAAC alters the classroom environment such that
children are not required to make an overt choice to be
more physically active, but do so as part of the academic
curriculum. Therefore, the probability that children will
actually engage in increased physical activity is likely
higher than other approaches where participation is
volitional (i.e., sports, after-school programs, etc.). The
A + PAAC approach delivers academic lessons using
physical activity, thus there is no reduction in academic
instruction time; a desirable feature in the climate of No
Child Left Behind of 2001 [45]. A + PAAC is minimal
intervention that requires virtually no additional financial
resources or time commitment to implement. Classroom
teachers can be trained to deliver academic lessons
through increased physical activity in the frequently used
teacher in-service setting; a cost effective training model.

In summary, this project will evaluate the impact of
physically active lessons in the elementary school class-
room (A + PAAC) on academic achievement. If successful,
the A + PAAC approach could be easily and inexpensively
scaled and disseminated across elementary schools in the
US using existing personnel and infrastructure to improve
both educational quality and health.

Abbreviations

A+ PAAC: Academic achievement and physical activity across the curriculum;
PE: Physical education; MVPA: Moderate to vigorous physical activity;

WIAT: Weschler individual achievement test; BMI: Body mass index;

MET: Metabolic equivalent of task; PACER: Progressive aerobic cardiovascular
endurance run; SOFIT: System for observing fitness instruction time.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

JED, RAW, CGG, DKS, JLG, DMH, CHH, BKS and JP conceived of the study,
participated in the design and coordination and helped draft the
manuscript. MSM participated in the design and statistical analyses. KL, SDH,
JLB, JJH and MS participated in coordination and outcome assessments and
helped draft the manuscript. All authors read and approved the final
manuscript.

Acknowledgements

This study was supported by the National Institutes of Health (R0O1-
DK85317). We thank all participants, parents, and elementary schools that
participated in this investigation.

Author details

'Cardiovascular Research Institute, Division of Internal Medicine, The
University of Kansas Medical Center, 3901 Rainbow Boulevard, Kansas City, KS
66160, USA. “Department of Health, Sport, and Exercise Science, The
University of Kansas, 1301 West Campus Road, Lawrence, KS 66045, USA.
*Department of Internal Medicine, The University of Kansas Medical Center,
3901 Rainbow BoulevardKansas City, KS 66160, USA. 4Departmem of Dietetics
and Nutrition, The University of Kansas Medical Center, 3901 Rainbow
Boulevard, Kansas City, KS 66160, USA. *Department of Psychology and

Page 7 of 8

Research in Education, The University of Kansas, 1122 West Campus Road,
Lawrence, KS 66045, USA. ®Department of Kinesiology and Community
Health, The University of lllinois Urbana-Champaign, 906 South Goodwin,
Urbana, Il 61801, USA. 7Department of Biostatistics, The University of Kansas
Medical Center, 3901 Rainbow Boulevard, Kansas City, KS 66160, USA.
®Department of Kinesiology and Health Education, Southern lllinois
University Edwardsville, Vadalabene Center, Box 1126, Edwardsville, IL 62026,
USA. °The University of Kansas-Lawrence, Robinson Center, Rm. 100, 1301
Sunnyside Avenue, Lawrence, KS 66045, USA.

Received: 15 February 2013 Accepted: 22 March 2013
Published: 8 April 2013

References

1. Tomporowski PD, Davis CL, Miller PH, Naglieri JA: Exercise and children’s
intelligence, cognition, and academic achievement. £duc Psych Rev 2008,
20:111-131.

2. Trudeau F, Shephard RJ: Physical education, school physical activity,
school sports and academic performance. Int J Behav Nutr Phys Act 2008,
5:5-10.

3. Coe DP, Pivarnik JM, Womack CJ, Reeves MJ, Malina RM: Effect of physical
education and activity levels on academic achievement in children.

Med Sci Sports Exerc 2006, 38:1515-1519.

4. Ahamed Y, Macdonald H, Reed K, Naylor PJ, Liu-Ambrose T, McKay H:
School-based physical activity does not compromise children’s academic
performance. Med Sci Sports Exerc 2007, 39:371-376.

5. Carlson SA, Fulton JE, Lee SM, Maynard LM, Brown DR, Kohl HW, Dietz WH:
Physical education and academic achievement in elementary school:
data from the early childhood longitudinal study. Am J Public Health
2008, 98:721-727.

6. Sibley BA, Etnier JL: The relationship between physical activity and
cognition in children: a meta-analysis. Pediatric Exerc Sci 2003, 15:243-256.

7. McKenzie TL, Alcaraz JE, Sallis J, Faucette FN: Effect of a physical education
program on children’s manipulative skills. J Teaching Physical Educ 1998,
17:327-341.

8. Morgan PJ, Bourke SF: An investigation of pre-service and primary school
teachers’ perspectives of PE teaching and confidence and PE teacher
education. ACHPER Healthy Lifestyles Journal 2005, 52:7-13.

9. Morgan PJ, Hansen V: Classroom teachers’ perceptions of the impact of
barriers to teaching physical education on the quality of physical
education programs. Res Q Exerc Sport 2008, 79:506-516.

10.  Donnelly JE, Greene JL, Gibson CA, Smith BK, Washburn RA, Sullivan DK,
Dubose K, Mayo MS, Schmelzle KH, Ryan JJ, Jacobsen DJ, Williams SL:
Physical activity across the curriculum (PAAC): a randomized controlled
trial to promote physical activity and diminish overweight and obesity in
elementary school children. Prev Med 2009, 49:336-341.

11. DuBose KD, Mayo MS, Gibson CA, Green JL, Hill JO, Jacobsen DJ, Smith BK,
Sullivan DK, Washburn RA, Donnelly JE: Physical activity across the
curriculum (PAAC): rationale and design. Contemp Clin Trials 2008,
29:83-93.

12.  Wechsler D: Weschsler Individual Achievement Test 2nd Edition (WIAT 1l).
London: The Psychological Corporation; 2005.

13. Castelli DM, Hillman CH, Buck SM, Erwin HE: Physical fitness and academic
achievement in third- and fifth-grade students. J Sport Exerc Psychol 2007,
29:239-252.

14.  Buck SM, Hillman CH, Castelli DM: The relation of aerobic fitness to
STROOP task performance in preadolescent children. Med Sci Sports Exerc
2008, 40:166-172.

15. Hillman CH, Castelli DM, Buck SM: Aerobic fitness and neurocognitive
function in healthy preadolescent children. Med Sci Sports Exerc 2005,
37:1967-1974.

16.  Hillman CH, Buck SM, Themanson JR, Pontifex MB, Castelli DM: Aerobic
fitness and cognitive development: event-related brain potential and
task performance indices of executive control in preadolescent children.
Dev Psych 2009, 45:114-129.

17.  Healthy People 2010: Objectives for improving health. Physical Activity and
Fitness. Atlanta: Centers for Disease Control and Prevention President’s
Council on Physical Fitness and Sports; 2010.

18. Honas JJ, Washburn RA, Smith BK, Greene JL, Donnelly JE: Energy
expenditure of the physical activity across the curriculum intervention.
Med Sci Sports Exerc 2008, 40:1501-1505.



Donnelly et al. BMC Public Health 2013, 13:307
http://www.biomedcentral.com/1471-2458/13/307

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK, Gutin B,
Hergenroeder AC, Must A, Nixon PA, Pivarnik JM, Rowland T, Trost S,
Trudeau F: Evidence based physical activity for school-age youth.

J Pediatr 2005, 146:732-737.

Gibson CA, Smith BK, Dubose KD, Greene JL, Bailey BW, Williams SL, Ryan JJ,
Schmelzle KH, Washburn RA, Sullivan DK, Mayo MS, Donnelly JE: Physical
activity across the curriculum: year one process evaluation results.

Int J Behav Nutr Phys Act 2008, 5:36.

McKenzie TC, Rosengard PF: SPARK physical education program. San Diego:
San Diego State University; 1993.

McGraw SA, Stone EJ, Osganian SK, Elder JP, Perry CL, Johnson CC, Parcel
GS, Webber LS, Luepker RV: Design of process evaluation within the child
and adolescent trial for cardiovascular health (CATCH). Health Educ Q
1994, 21(Suppl 2):5-26.

The Wechsler Individual Achievement Test-Third Edition (WIAT [ll). 3rd edition.
San Antonio: Pearson; 2000.

Eriksen BA, Eriksen CW: Effects of noise letters upon the identification of a
target letter in a nonsearch task. Percept Psychophysiology 1974,
16:143-149.

Hillman CH, Motl RW, Pontifex MB, Posthuma D, Stubbe JH, Boomsma DI,
de Geus EJ: Physical activity and cognitive function in a cross-section of
younger and older community-dwelling individuals. Health Psychol 2006,
25:678-687.

Spencer KM, Coles MG: The lateralized readiness potential: relationship
between human data and response activation in a connectionist model.
Psychophysiology 1999, 36:364-370.

Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei Z,
Wei R, Curtin LR, Roche AF, Johnson CL: CDC Growth Charts for the
United States: methods and development. Vital Health Stat 2000,
2002(11):1-190.

Lohman TG, Roche AF, Martorell R: Anthropometric Standardization Reference
Manual. Champaign, Ill: Human Kinetics Books; 1988.

Welk GJ, Meredith MD: Fitnessgram/Activitygram Reference Guide. Dallas TX:
The Cooper Institute; 2008.

Leger LA, Lambert J: A maximal multistage 20-m shuttle run test to
predict VO2 max. Eur J Appl Physiol Occup Physiol 1982, 49:1-12.

Leger LA, Mercier D, Gadoury C, Lambert J: The multistage 20 metre
shuttle run test for aerobic fitness. J Sports Sci 1988, 6:93-101.

Cureton K, Sloniger M, O'Bannon J, Black D, McCormack W: A generalized
equation for prediction of VO2peak from 1-mile run/walk performance.
Med Sci Sports Exerc 1995, 27(3):445-451.

Mahar MT, Murphy SK, Rowe DA, Golden J, Shields AT, Raedeke TD: Effects
of a classroom-based program on physical activity and on-task behavior.
Med Sci Sports Exerc 2006, 38:2086-2094.

Katz RC, Singh NN: Increasing recreational behavior in mentally retarded
children. Behav Modif 1986, 10:508-519.

Shimabukuro SM, Prater MA, Jenkins A, Edelen-Smith P: The effects of self-
monitoring of academic performance on students with learning
disabilities with ADD/ADHD. £duc Treatment Child 1999, 22:397-414.
Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M: Physical
activity in the United States measured by accelerometer. Med Sci Sports
Exerc 2008, 40:181-188.

McKenzie TL: Observational measures of children’s physical activity.

J School Health 1991, 61(5):224-227.

Harrell JS, McMurray RG, Baggett CD, Pennell ML, Pearce PF, Bangdiwala SI:
Energy costs of physical activities in children and adolescents. Med Sci
Sports Exerc 2005, 37:329-336.

Reboussin DM, Morgan TM: Statistical considerations in the use and
analysis of single subject designs. Med Sci Sports Exerc 1996,
28(5):639-644.

Cook TD, Campbell DT: Quasi-experimentation: design and analysis issues for
field settings. Boston: Houghton Mifflin; 1979.

Donner A, Klar N: Design and analysis of cluster randomized trials in health
research. London: Arnold Publishers; 2000.

Baron RM, Kenny DA: The moderator-mediator variable distinction in
social psychological research: conceptual, strategic, and statistical
considerations. J Pers Soc Psychol 1986, 51:1173-1182.

Page 8 of 8

43, MacKinnon DP: Analysis of mediating variables in prevention and
intervention research. NIDA Res Monogr 1994, 139:127-153.

44, Brown RL: Assessing specific mediational effects in complex theoretical
models. Struct Equ Modeling 1997, 4:142-156.

45, US Department of Education: PL 107-110, the no child left behind Act of
2001. http//www2.ed.gov/policy/elsec/leg/esea0d2/indexhtml.

doi:10.1186/1471-2458-13-307

Cite this article as: Donnelly et al.: Physical activity and academic
achievement across the curriculum (A + PAAC): rationale and design of
a 3-year, cluster-randomized trial. BMC Public Health 2013 13:307.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

e Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central



http://www2.ed.gov/policy/elsec/leg/esea02/index.html

	Abstract
	Background
	Methods/design
	Discussion

	Background
	Methods
	Study design and setting
	Recruitment
	A + PAAC lessons: description
	A + PAAC: prescribed amount/intensity
	A + PAAC: classroom teacher training
	Outcome measures
	Research staff training and blinding

	Academic achievement
	Cognitive function: modified Eriksen flanker task
	Cognitive function: spatial n-back task

	Anthropometrics (Height/weight/waist circumference)
	Cardiovascular fitness
	Attention-to-task
	Daily physical activity: accelerometry

	Process evaluation

	Results
	Analysis plan-primary aim: academic achievement
	Analysis plan- secondary aim: mediation analysis
	Exploratory analysis
	Missing data
	Sample size/power

	Discussion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

