
Energy Expenditure of the Physical Activity across the
Curriculum Intervention

Jeffery J. Honas, Richard A. Washburn, Bryan K. Smith, Jerry L. Greene, and Joseph E.
Donnelly
Center for Physical Activity and Weight Management, Energy Balance Laboratory, University of
Kansas, Lawrence, KS

Abstract
Physical activity is frequently a component of interventions designed to diminish weight gain in
children. It is essential to determine whether the energy expenditure (EE) elicited by these
interventions is sufficient to reduce the rate of weight gain.

Purpose—To quantify the EE of the Physical Activity across the Curriculum (PAAC)
intervention. This intervention involved two 10-min physically active academic lessons per day,
taught by classroom teachers.

Methods—We assessed EE of PAAC in 19 males and 19 females using both an indirect
calorimeter (IC) (COSMED K4b2) and an accelerometer (ActiGraph) (AC). Independent t-tests
were used to evaluate gender differences. Dependent t-tests were used to examine the difference
between EE assessed by IC and AC. The agreement between EE measured by IC and estimated by
AC was evaluated using a Bland-Altman plot. A Pearson correlation between EE measured by IC
and estimated by AC was calculated.

Results—There were no significant gender differences for age, BMI, or EE; therefore, analyses
by gender were not performed. The mean EE measured by IC was 3.1 ± 1.0 kcal/min(3.4 METs).
Mean EE estimated by AC (1.8 ± 0.9 kcal/min) was significantly lower (P < 0.05) than EE
measured by IC (mean underestimation = 1.3 kcal/min). The Bland-Altman plot suggested
increased underestimation with increased levels of EE. The 95% limits of agreement were large
(-2.8 to +0.3 kcal/min). The correlation between EE measured by IC and estimated by AC was r =
0.68 (P < 0.001).

Conclusion—PAAC elicited a level of EE that may prevent excessive weight gain in children.
AC significantly underestimated the EE of PAAC lessons and may not provide useful EE
estimates in this context.
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The prevalence of overweight, defined as 95th or greater body mass index (BMI) reference
percentile, has increased in children of both genders and in all age groups (20). For example,
the prevalence of overweight in female children and adolescents increased from 13.8% in
1999-2000 to 16.0% in the 2003-2004 National Health and Nutrition Examination Survey,
and the prevalence of overweight in male children and adolescents increased from 14.0% to
18.2% during the same period (20).

Childhood overweight has been associated with a variety of diseases including insulin
resistance (1,12,22), hypertension (24), and abnormal lipid profiles (13,26). Data show that
overweight children will likely become overweight adults (10). Estimates of $117 billion in
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annual cost associated with treatments for overweight and obesity (25) support the need to
prevent overweight in youth.

Studies have shown that physical activity patterns are inversely related to body weight in
children (7,9). The current physical activity guidelines state that children should engage in at
least 60 min of moderate-intensity physical activity per day (28). However, many children
fail to meet this recommendation (5,21). The increased prevalence of overweight and
inadequate levels of physical activity have focused its attention on developing effective
strategies for increasing physical activity among children.

Because children spend much of their time at school, the school environment represents a
suitable setting for interventions intended to encourage physical activity (3.4.11.18.23.27).
Unfortunately, the majority of the school-based physical activity interventions to prevent the
development of obesity have produced modest results at best (29). A potential explanation
for the limited success of the school-based physical activity interventions is a failure to
achieve an increase in physical activity energy expenditure (EE) sufficient to impact energy
balance.

Integrating physical activity into classroom academic lessons offers an innovative approach
to increasing physical activity during the school day without decreasing the time devoted to
academics. Three studies document the potential to increase physical activity in the school
classroom setting (14.15.27). However, none of the three studies provided a direct
assessment of EE elicited by the physical activity program. Two of the studies used
accelerometers to estimate EE (14,27). Because different accelerometer equations provide
inconsistent estimates of EE over a range of activity types and intensities (31), it is unknown
if classroom physical activity measured by accelerometer is an accurate estimate. The
primary aim of this study was to obtain an objective assessment of the EE of a school-based
classroom physical activity intervention titled Physical Activity across the Curriculum
(PAAC) using a portable indirect calorimeter (IC). The PAAC intervention was designed to
provide two physically active academic lessons per day (intensity, 3-6 METs; duration, 10
min) delivered by elementary school classroom teachers. A detailed description of the
PAAC intervention has been published (8).

Methods
Participants

A convenience sample from three schools involved in the PAAC intervention participated in
this study. Classroom teachers from the three schools were asked to distribute parental
consent and student assent forms to approximately 160 children in grades 2 through 5.
Children were instructed by their teacher to share the information with their primary
guardian and that their participation was optional. Signed consent and assent forms were
received from 38 children. Study procedures were explained to each child and classroom
teacher before the assessments. Children were tested in the order in which consents were
returned. All procedures were approved by the Institutional Review Board at the University
of Kansas.

Procedures
As part of the PAAC intervention, classroom teachers previously attended a 6-h training
workshop that included strategies to incorporate learning through physically active academic
lessons and instruction on required duration and intensity of PAAC lessons. For the current
study, the EE of one PAAC lesson per participant, led by 19 different classroom teachers,
was assessed in each of the 38 participants. Examples of PAAC lessons evaluated included
jumping to an “invisible” jump rope or performing calisthenics such as jumping-jacks or

Honas et al. Page 2

Med Sci Sports Exerc. Author manuscript; available in PMC 2013 July 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



squats while reciting multiplication tables. Geography (e.g., North, South, East, and West)
was taught by having children walk or run to the appropriate area designated for each
direction. Spelling was taught by having children jump on appropriate letters taped on the
floor, etc.

Assessments/Instrumentation
EE—IC: EE was assessed using a previously validated portable, open-circuit IC system
(Cosmed K4b2, Cosmed, Rome, Italy) that measures breath-by-breath ventilation, expired
oxygen, and carbon dioxide (17). After a minimum of a 30-min warm up, the calorimeter
was calibrated with known gases. The flow turbine was calibrated using a 3.00- L syringe.
During the PAAC lesson, the participant breathed into a face mask that directed air into the
unit housing the O2 and CO2 gas analyzers. The lightweight (∼ 1.5 kg) portable system was
attached by a harness around the waist and shoulders of the child while the child performed
PAAC lessons. The data were retrieved for analysis via serial port interface and software
provided with the calorimeter. Calorimeter data were reduced to 20-s epochs, and the
average values over the 10-min PAAC lesson are reported. Estimated resting EE and the
subsequent MET values were calculated using both the standard value for resting EE (3.5
ml/kg/min) and resting EE estimated using the equations provided by the World Health
Organization (WHO) (33). All participants were assessed with the same calorimeter.

EE—accelerometer: EE during PAAC lessons was estimated from accelerometer data
(counts per minute) obtained from an ActiGraph ([AC] Model 7164; ActiGraph LLC,
Pensacola, FL). The AC is small (5.1 × 3.8 × 1.5 cm) and light weight (42.6 gm), and
powered by a 2430 lithium coin cell battery. One AC was used for all participants in this
study. The AC was factory calibrated 10 months before the start of the study. After the data
collection, the AC used was checked against four ActiGraphs that had been previously
calibrated using a standardized treadmill walking protocol. The AC used in this study was
found to be within 10% of the counts per minute average obtained from the 4 ActiGraphs
used as the standard. The AC was worn during the 10-min PAAC lesson on an elastic belt
above the iliac crest of the right hip. Data were collected in 1-min epochs and retrieved for
analysis via a coded infrared beam of light via a PC reader interface unit connected to a
serial port interface and software provided with the AC. EE (kcal/min) was estimated from
AC data (counts per minute) and body mass using the regression equation developed by
Trost et al. (30). The Trost equation was selected because it is a previously validated, youth-
specific, AC energy expenditure prediction equation.

System for Observing Fitness Instruction Time (SOFIT): PAAC lessons were scored
using the SOFIT (16), a visual observation instrument previously validated as a measure of
physical activity during physical education classes. Activity was coded at 1-min intervals
using a 5-point Likert scale (1, Lying down; 2, Sitting; 3, Standing; 4, Walking; 5, Very
Active). SOFIT was administered by one of the four research assistants who had been
previously trained in this protocol and demonstrated an interrater reliability of 0.80 or
greater. The final SOFIT score was the average of the ten 1-min scores.

Demographics—Before the EE assessments, age and gender were recorded and the
participant was weighed to the nearest 0.1 kg on a digital scale (model #68987, Befour Inc.,
Saukville, WI) and height was measured to the nearest 0.1 cm by a portable stadiometer
(model #IP0955, Invicta Plastics Limited, Leicester, England). BMI was calculated by
dividing weight in kilograms by height in meters squared. BMI percentiles were calculated
from the Centers for Disease Control and Prevention growth charts (6).
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Analysis—Independent t-tests were used to evaluate potential gender differences for age,
BMI, and EE. Dependent t-tests were used to assess differences between EE measured by IC
or estimated by accelerometer. The effect size for the magnitude of the difference between
measured and estimated EE was evaluated by Cohen's delta. A general linear model was
used to compare EE by grade level. If the overall grade effect was significant, then post hoc
Tukey adjusted pair-wise t-tests were used to compare grade levels. The agreement between
EE measured by IC (kcal/min) and accelerometer (kcal min 1) was evaluated using a Bland-
Altman plot (2). A Pearson correlation was calculated between the 10-min averages of EE
measured by IC (kcal/min) and accelerometer (kcal min). An alpha level of 0.05 or less was
used to indicate statistical significance. Values are reported as mean ± SD. SAS version 9.1
for Windows was used for all analyses.

Results
Data were obtained from 38 second grade through fifth grade children (19 female, 19 male;
34 white, 4 Hispanic).

Descriptive characteristics of the participants by gender and grade are presented in Table 1.
There were no significant gender differences for any descriptive characteristic. Thirty- four
percent of the sample (6 male, 7 female) were at risk for overweight or overweight (BMI >
85th reference percentile).

The data for EE measured by IC and estimated by the AC are presented in Table 2. The
mean EE of PAAC lessons measured by calorimeter was 3.1 ± 1.0 kcal/min (range = 1.4 -
5.2 kcal/min). The level of EE assessed during the first 5 (2.94 ± 1.88 kcal/min) and the last
5 min (3.12 ± 1.13 kcal/min) of the lesson was not significantly different. The mean EE of
the PAAC lesson assessed by calorimeter was of moderate intensity (> 3METs) when METs
were calculated using either the standard estimate of resting EE (3.5 mL/kg/min) or resting
EE estimated from the equations from the WHO (33). When METs were calculated with the
calorimeter using the standard estimate of resting EE, 97.3% of children engaged in
moderate intensity activity compared with 60.5% of children when METs were calculated
using the WHO estimate. The mean level of EE measured in the child wearing the IC likely
provides a valid representation of the average level of EE achieved by all children in the
classroom. This assertion is based on the results of assessment of physical activity during the
PAAC lesson of the child wearing the calorimeter and two other randomly selected children
in the classroom using SOFIT (16). Results indicated that SOFIT (scores) were nearly
identical for the child wearing the calorimeter (3.83 ± 0.35) and the mean of the two
randomly selected children (3.77 ± 0.39). The mean level of EE during the PAAC lesson did
not differ by gender; however, significant differences in EE (kcal/min) between grades were
observed. The between grade differences were not evident when EE was expressed in
METs, suggesting that the observed differences were due to differences in body weight
between grades (Table 2).

The mean EE (kcal/min) during the PAAC lesson estimated by the AC (1.8 + 0.9 kcal/min)
was significantly lower than the EE measured by calorimeter (3.1 + 1.0 kcal/min) (P < 0.05)
with a large effect size (Cohen's delta = 1.36). On average, the AC underestimated mean EE
by 1.2 kcal/min. A Bland-Altman plot (Fig. 1) suggests that the degree of underestimation of
EE by the AC increased as the level of EE increased. The 95% limits of agreement were
large (-2.8 to 0.3 kcal/min). The Pearson correlation between EE measured by IC and AC
(kcal/min) was 0.68 (P < .001).
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Discussion
This study was the first to assess the EE associated with physically active classroom-based
academic lessons using an IC. PAAC lessons elicited a mean EE of 3.1 ± 1.0 kcal/min,
which represented on average, moderate- intensity activity in elementary school children.
This level of EE was observed across both genders and grade levels (grades 2-5). Our
estimates of EE during PAAC lessons are not likely biased toward increased or decreased
activity in the child wearing the calorimeter as indicated by observation of nearly identical
SOFIT scores for the participant and two other randomly selected children from the same
class. Completing two 10-min PAAC lessons per day, which was the goal of the PAAC
intervention, would expend approximately 62 kcal/d. This would eliminate approximately
50% of the positive energy balance (110-165 kcal/d) suggested by Wang et al. (32) to be
responsible for the increase in body weight among children in the United States. Our results
suggest that the level of EE achieved during classroom-based activity may aid in the
prevention of weight gain in children, and that additional strategies to increase classroom
physical activity should be developed and evaluated.

The AC significantly underestimated EE during PAAC lessons compared to that measured
by IC. There are several possible explanations for this finding. Given the hypothesized
sporadic nature of physical activity in this age group, the use of epochs shorter than the 1-
min epochs used in this study has been suggested (19). Also, the regression equation used to
estimate EE for AC counts may be inappropriate for use with the types of activities
performed in PAAC lesson. The regression equation used in this study was developed in a
laboratory setting and involved activities such as walking and jogging on a treadmill (30).
These activities are different from those performed during a PAAC lesson, which included
hopping, jumping, skipping, etc. at a variety of intensities, thus likely contributing to
prediction error. The underestimation of EE by the AC may also be potentially explained by
the inclusion of PAAC activities that primarily involve the upper extremities, activity which
would not be detected by an AC worn at the waist. For example, PAAC lessons may include
doing “jumping jacks” while performing math calculations or “arm circles” while
participating in spelling lessons activities that would not be detected by the AC and may
partially explain the significant underestimation of EE by the AC observed in this study.

Potential study limitations include the use of 1 AC, AC calibration procedure, and the
inability to assess the EE of identical PAAC lessons delivered by different classroom
teachers. One AC, selected from our inventory of approximately 65 units, was used for this
study. The use of 1 AC, while eliminating the problem of inter-unit variability, may
introduce a potential bias if the AC used was not in calibration. Although unlikely, as the
AC used in our study was factory calibrated before use, and the calibration was assessed
after completion of data collection, the potential for inaccurate calibration is not completely
eliminated. Our reported EE for classroom-based physical activity as instituted during the
PAAC intervention were derived by evaluating several different PAAC activities delivered
by 19 different classroom teacher. We are therefore unable to assess the reliability to our EE
estimated either within or between teachers.

In summary, our results indicate that EE of moderate intensity can be generated during
physically active academic lessons taught by classroom teachers, and the level of EE elicited
by PAAC lessons may be sufficient to aide in preventing excess weight gain in children. We
have also shown that the AC using the Trost prediction equation (30) significantly
underestimates EE during PAAC lessons suggesting that the AC may not be appropriate
when assessing physical activity EE during classroom-based activity. In conclusion, our
results suggest that future interventions to increase classroom physical activity should
include an assessment of EE using indirect calorimetry rather than estimates of EE obtained
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from accelerometers. This information will allow investigators to evaluate the association
between the level of EE delivered and change in body weight and to document the degree to
which insufficient levels of EE may be responsible for the failure of the intervention to
prevent weight gain.
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Figure 1.
Bland–Altman Plot depicting mean difference and limits of agreement for the AC
accelerometer.
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