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Physical activity (PA) is critical for a healthy lifestyle. The current study assessed heart rate
(HR) as a primary measure of moderate and vigorous PA with four typically developing chil-
dren. First, individualized HR assessments were conducted to determine moderate and vigorous
HR zones. Next, participants engaged in various exercises at a local YMCA facility (i.e., biking,
elliptical, basketball, and exergame boxing) to determine how HR during these activities aligned
with their individualized HR zones. During exercise bouts, HR was typically above moderate,
but below vigorous HR zones for all participants. Additionally, exercises that restricted range of
motion (i.e., biking and elliptical) engendered generally lower HR than exercises with greater
range of motion. Vocal instructions to exercise at vigorous levels were effective at increasing HR
to vigorous levels for one participant. The advantages of using HR as a metric of PA during
assessment and intervention are discussed.
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In 2009, the World Health Organization
identified physical inactivity as one of the top
five risk factors for premature mortality world-
wide (WHO, 2009). Accordingly, regular phys-
ical exercise is highly recommended for both
adults and children (Centers for Disease Con-
trol and Prevention [CDC], 2018). Often,
exercise recommendations are made in the con-
text of combatting obesity (Blair & Brodney,
1999); however, children who are not over-
weight also benefit from physical activity (PA).
For example, regular PA during childhood

results in enhanced cardiovascular health
(Andersen et al., 2006; Barbeau, Cutin, &
Sothern, 2005), bone strength (Boreham &
McKay, 2011), and perhaps even academic per-
formance (Hillman, Erikson, & Kramer,
2008). These benefits, and others, underscore
the importance of PA, especially when it is pro-
moted at an early age (Hills, King, & Arm-
strong, 2007; Reiner, Niermann, Jekauc, &
Woll, 2013).
The CDC (2018) recommends that chil-

dren, regardless of their weight, engage in
approximately 60 min of moderate-to-vigorous
aerobic physical activity (MVPA) every day,
including vigorous physical activity (VPA) at
least three days per week. Moderate physical
activities (MPA) include walking briskly, which
is associated with heart rates (HR) that are
“faster than normal,” and VPA includes run-
ning, which is associated with HRs that are
“much faster than normal” (CDC). Though
imprecise, these recommendations suggest that
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elevated HR, in relation to an individual child’s
baseline, is considered an important indicator
of physical activity intensity. Indeed, it is
generally accepted that MVPA is associated
with higher HRs and caloric expenditure as
compared to lower intensity exercises, which
is why MVPA is recommended (Ainsworth
et al., 2000).
In the behavioral literature, HR rarely is used

as a primary dependent measure (see Larson,
Normand, & Hustyi, 2011, and McKenzie
et al., 1991, for exceptions). Instead of HR,
pedometers and accelerometers are often used to
measure general ambulation (see Van Camp &
Hayes, 2012 for a review), as are observational
systems, such as the Observational System for
Recording Physical Activity in Children
(OSRAC; Brown et al., 2006), which measure
various overt exercise behaviors. Originally based
on the Children’s Activity Rating Scale (CARS;
Puhl, Greaves, Hoyt, & Baranowski, 1990), the
OSRAC includes physical activity codes at vari-
ous intensities ranging from Level 1 to Level
5, such that increasing from Level 1 to Level
5 corresponds to incremental increases in the
child’s visible physical exertion. OSRAC Activity
Levels 1 and 2 are generally representative of
sedentary behavior, Activity Level 3 denotes
light physical activity (e.g., walking slowly), and
Activity Levels 4 and 5 are representative of
MVPA (e.g., walking briskly and running,
Brown et al., 2006; McIver, Brown, Pfeiffer,
Dowda, & Pate, 2009).
The OSRAC focuses on coding children’s

overt exercise behaviors, but individual differ-
ences in how specific physical activities affect
HR may be an important consideration.
Although specific HR criteria vary, some con-
sider exercise behaviors that increase HR above
140 beats per minute (BPM) as MPA (Simons-
Morton, Parcel, O’Hara, Blair, & Pate, 1988).
Others base their criteria on percentage of max-
imum HR, which for children is based on age:
(208-[0.7 x Age]), with MPA at least 65% of
max and VPA at 85% (Physical Activity

Guidelines Advisory Committee, 2008). For
example, for a 10-year-old, MPA would be
131 BPM and VPA would be 171 BPM.
OSRAC activity levels are associated with
level-specific heart rates as outlined in the
CARS (Puhl et al., 1990), with moderate PA
ranging from 140 to 160 BPM and vigorous
PA being at or above 160 BPM. These norms
are primarily based on group evaluations of
children engaged in structured activities
(e.g., walking on a treadmill); thus, it is
unclear how representative these HRs are of
typical children engaged in a variety of
unstructured activities that may result in ben-
eficial increases in HR.
Two behavioral studies have evaluated the

validity of the OSRAC activity levels by com-
paring individual children’s HR while they
engaged in select activities from each of the five
OSRAC levels. Larson et al. (2011) instructed
four typically developing preschool children
(ages 3 to 5) to engage in exercises that aligned
with the five OSRAC activity levels
(e.g., walking and jogging), while collecting
data on HR and step count. Their data demon-
strated that HR increased systematically as chil-
dren engaged in progressively more intensive
exercise behavior (from being sedentary, to
jumping, to running or jogging). Importantly,
these effects were coupled with individual dif-
ferences in absolute HR. For example, it
appears, based both on visual inspection of
graphs and on data extrapolated using
Graphclick (Arizona Software, Inc., 2010), that
running or jogging (Level 5) were associated
with a relatively wide range of HR across four
participants (152, 167, 180, and 199 BPM,
respectively). Van Camp and Berth (2018) rep-
licated and extended this study by including
four additional exercise behaviors at each of the
five OSRAC activity levels. Similar individual
differences were observed; for example, running
or jogging was associated with HRs of
168, 171, 183, and 195 BPM across four par-
ticipants, who were 13, 8, 6, and 9 years old,
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respectively. For each of these participants,
HRs during running or jogging did meet all
previously described criteria for MPA, although
not all would have met the criteria for VPA.
Individual differences in HR were also observed
when children were engaged in Level 4 activities
(e.g., walk then jump, hanging off monkey bars
while kicking legs). Notably, HRs did not
reach MPA minimum criteria for all partici-
pants, although all participants were each
engaged in OSRAC Level 4 behaviors, which
are considered MVPA by observational stan-
dards. In addition, HRs did not covary with
age or gender, making it less likely that age-
and gender-based norms predict individual
HRs associated with MVPA. Given these indi-
vidual differences, a more personalized
approach to determine HR criteria for MPA
and VPA is warranted.
Measuring and quantifying physical activity,

and MVPA specifically, is also an important
component of behavioral interventions that are
designed to increase PA with children. One
approach includes self-management, which
involves the participant monitoring his or her
own physical activity, which can be sup-
plemented with tangible reinforcement for
meeting PA-related goals (e.g., Hayes & Van
Camp, 2015; Hustyi, Normand, & Larson,
2011). In one study, six typically developing
third grade students took more steps
(as measured by Fitbit accelerometers) during
recess when an intervention consisting of self-
monitoring, goal setting, feedback, and tangible
rewards was implemented (Hayes & Van
Camp, 2015). Results suggested that the inter-
vention increased MVPA as well (as defined by
100 steps-per-minute). Despite this, partici-
pants engaged in MVPA for only 25% of ses-
sions overall.
Another approach to increase children’s PA

is to determine efficacious social reinforcers for
MVPA via functional analysis (Larson,
Normand, Morley, & Miller, 2013; 2014;
Zerger, Normand, Boga, & Patel, 2016). These

researchers found that contingent adult atten-
tion, in the form of praise or interactive play,
maintained the highest levels of MVPA
(defined as engaging in OSRAC Level 4 and
5 behaviors) exhibited by preschool children.
In most cases, however, MVPA was observed
in less than 40% of intervals, even in the initial
intervention phases, and MVPA did not always
persist in subsequent intervention phases, even
when the same form of attention was provided
contingent on MVPA (Zerger et al., 2016). In
addition, no physiological or mechanical mea-
sures were included in these studies and it
remains unknown if the levels of MVPA behav-
iors observed corresponded with a sufficient
increase in HR.
Although interventions to increase MVPA in

children show promise, the results suggest that
interventions are not always effective across all
individuals (Hustyi et al., 2011; Zerger et al.,
2016). Additionally, the percentage of MVPA
engagement across studies is relatively low or
inconsistent (e.g., Hayes & Van Camp, 2015;
Larson et al., 2013, 2014; Zerger et al., 2016).
In the studies noted above, physical activity
was measured using either strictly observational
measures (i.e., the OSRAC) or mechanical
measures (i.e., pedometers, accelerometers). In
some cases, children may produce similar step
counts, but idiosyncratic HRs (Larson et al.
2011; Van Camp & Berth, 2018). Steps as a
primary measure of PA may also be problem-
atic when children engage in behaviors that do
not involve translocation (Van Camp & Berth,
2018). Including a more sensitive, noncontext-
specific measure such as HR might enhance the
validity of the assessments of physical activity
described above. Importantly, protocols for
measuring HR must also be established prior to
determining the efficacy of specific intervention
packages to increase PA using HR as a primary
measure.
Thus, the purpose of the current study was

to evaluate a novel PA assessment strategy
focused on HR as the primary dependent
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variable. We (a) used an individualized HR
assessment to determine HR zones indicative of
MPA and VPA, (b) evaluated the extent
to which children reached MPA or VPA zones
when engaged in various activities, and
(c) evaluated whether vocal prompts to engage
in MVPA prior to exercise increased HR.

GENERAL METHOD

Participants
Four typically developing children (two males,

two females), ages 8 to 10, from a local YMCA
after-school program participated. Three partici-
pants had a body mass index (BMI) in the nor-
mal range and one had a BMI in the overweight
range (see Table 1 for participant information).
The Institutional Review Board at the Univer-
sity of North Carolina Wilmington approved all
protocols and procedures. Parental consent and
participant assent were attained prior to sessions
being conducted. None of the participants were
prescribed any medications or had any medical
condition that would prohibit or influence pro-
longed physical exercise.

Setting and Materials
Sessions were conducted in the “Kid’s Zone”

room (12 m x 21 m) of a local YMCA center.
The room included one elliptical machine, one
stationary exercise bike, two basketball hoops,
and an Xbox Kinect® gaming console. All
machines were designed to be used by children.
YMCA staff members were present for all

sessions and provided instructions for the
proper use of the YMCA equipment prior to
any participant using the equipment.
One Polar® H2 heart rate sensor was used to

collect HR data. The device consists of an
adjustable strap worn around the bare sternum,
which contains embedded electrodes that mea-
sure the heart’s electrical signals via electrocar-
diography measures. Male research assistants
aided male participants in fitting the HR sensor
to the sternum and female research assistants
aided female participants. A Dell® Inspiron
Mini laptop computer was used to display the
HR data using the accompanying Polar®

Windlink ProTrainer 5 software in real time
during sessions. The HR display on the com-
puter screen was updated every second.

Measures and Reliability
The primary observer recorded HR every

20 s on a personal laptop computer using
Microsoft Excel© during sessions. These HR
recordings were also graphed as they were
recorded using a premade graphing template,
which allowed for phase-change decisions to be
made in real time. The specific activity of the
child was recorded concurrently with HR
(e.g. still, active, walking, or jogging). A sec-
ond, independent observer also recorded HR
every 20 s using pen and paper to evaluate
interobserver agreement (IOA) on HR mea-
sures for at least 50% of all sessions. To calcu-
late IOA, the lower HR recorded between
observers was divided by the higher HR for
each 20-s block within a session. These values
were averaged across the session and then mul-
tiplied by 100 to yield an overall IOA percent-
age for each session. Across all participants and
all phases of the studies, IOA percentages were
above 95%. Agreement averaged 97.3% (range,
95.6 – 99.9%) for Lacy, 98.9% (range, 97.6 –
99.7%) for Mark, 99.3% (range, 98.3 –
99.7%) for Elaina, and 99.5% (range, 99.4 –
99.5%) for Max.

Table 1
Participants

Participant Sex Age
Height
(cm)

Weight
(kg) BMI

Lacy Female 10 152 43.5 18
Mark Male 8 132 38.5 22
Max Male 8 147 37.2 17
Elaina Female 9 152 59 25*

Note. Asterisk indicates a BMI in the “overweight” range.
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Each child participated in sessions once or
twice per week, for a maximum of 30 min per
day. Participants were given a choice to partici-
pate prior to each session, with the added stipu-
lation that they could terminate the session at
their own discretion. Also, a maximum allow-
able HR was calculated for each participant
using the formula: (208-[0.7 x Age]), which is
the formula used for individuals under 20 years
of age (Tanaka, Monahan, & Seals, 2001).
Had any participant reached their maximum
HR during a session, the session would have
ended immediately, but this never occurred. At
the end of each session, each participant was
allowed to randomly select a trading card
(Pokèmon® or My Little Pony®) as a reward
for participating that day.

PHASE 1: INDIVIDUALIZED HEART
RATE ASSESSMENT

The purpose of the individualized heart rate
assessment (IHRA) was to determine each par-
ticipant’s HR zone while being still, while
engaged in MPA (walking), and while engaged
in VPA (jogging). Establishing individual HR
zones for each participant allowed for a basis of
comparison for the rest of the study.

Procedure
First, the participant was fitted with the HR

strap as described above. Then, the participant
was asked to be still, to walk, or to jog. When
the participant was asked to walk or jog, a
research assistant would walk or jog along with
the participant at a matching pace. This was
done to promote the participant’s steady move-
ment for the duration of the walking and jog-
ging trials. To be clear, the participant initiated
the prompted exercise (walk or jog) and the
research assistant then matched the pace set by
the participant.
Participants engaged in walking or jogging in

alternating order, separated by still periods.
Whether jogging or walking came first was

counterbalanced across participants. Walking
and jogging trials were separated by still periods
to allow the participant’s HR to stabilize back
to resting levels. Specifically, still periods
involved the participant sitting in a chair with-
out any major movements. An example of the
order of exercise trials is as follows: still – jog –
still – walk – still – jog – still – walk – still –
jog – still – walk – still. For the first still, walk,
and jog trials, the participant was asked to sus-
tain that behavior for a minimum of six 20-s
blocks (i.e., 2 min). The decision to transition
to a new trial was based on relative stability in
the real-time HR graph such that the last three
20-s blocks recorded did not display a visible
trend. Each active trial (walk/MPA or jog/VPA)
was repeated at least three times to determine
the consistency of HR at those exercise intensi-
ties. Each subsequent still, walk, and jog trial
continued until the participant’s HR was simi-
lar to that of previous trials and was stable
within the last three 20-s blocks.
Mean HR for each trial type (still, walk, jog)

was calculated by taking the sum of the
recorded HRs for that trial and dividing that
number by the number of 20-s blocks that had
elapsed during that trial. To control for the
transition in HR between still and active trials,
the first three HR recordings (i.e., 60 s) from
each trial were omitted from the mean calcula-
tion. Once the IHRA had been completed, HR
zones of the three different activity levels (still,
MPA, VPA) for each participant were deter-
mined using the minimum and maximum HR
of the last three stable data points for each trial
type. These HR zones were then used as the
target zones for the subsequent phases of the
study.

Results and Discussion
Figure 1 shows block-by-block HR during

the IHRA sessions for all four participants. Any
disconnected data points within a trial indicate
a missed HR recording. Across participants,
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HR consistently changed as a function of trial
type, with still HR being the lowest and jog-
ging HR being the highest. However, unlike
the other participants, Elaina’s HR increased
across still trials, with her last recorded still HR

being similar to her stable walking HR. Elaina
had the highest BMI of all of the participants,
which may have influenced how long of a rest
was needed between active trials for her HR to
return to still levels. For both types of active

Figure 1. Raw heart rate (BPM) recordings across 20-s blocks in the IHRA sessions for each participant.
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trials (walking and jogging), HR typically began
at a level similar to still and increased across
blocks during the first three 20-s blocks, and
by the fourth block (after 1 min), HR stabi-
lized. Likewise, HR gradually decreased when
participants transitioned from walking or jog-
ging to being still; thus, average HR during still
periods also do not include the first three 20-s
blocks.
Figure 2 shows mean HR for each partici-

pant during each trial type during the IHRA.
Again, there is a clear differentiation in HR as
a function of trial type. For each participant,
jogging HR was highest, followed by walking
HR, followed by still HR. However, there were
individual differences in absolute HR measures.
Lacy’s mean HR (top left panel) for still, walk-
ing, and jogging was 99 BPM, 128 BPM, and
174 BPM, respectively. Her still HR zone (Sz),
moderate HR zone (Mz), and vigorous HR
zone (Vz) was 85-112 BPM, 122-135 BPM,
and 170-180 BPM, respectively. Mark’s mean
HR (top right panel) for still, walking, and

jogging was 105 BPM, 122 BPM, and
175 BPM, respectively. His HR zones were
96-115 BPM (Sz), 118-126 BPM (Mz), and
166-180 BPM (Vz). Elaina’s mean HR (bot-
tom left panel) for still, walking, and jogging
was 116 BPM, 136 BPM, and 185 BPM,
respectively. Her HR zones were 109-126
BPM (Sz), 130-140 BPM (Mz), and 171-190
BPM (Vz). Max’s mean HR (bottom right
panel) for still, walking, and jogging was
110 BPM, 132 BPM, and 166 BPM, respec-
tively. His HR zones were 99-122 BPM (Sz),
130-137 BPM (Mz), and 157-180 BPM (Vz).

PHASE 2: ACTIVITY ASSESSMENT

Activity assessments were conducted to
determine baseline HR associated with various
exercise equipment available at the YMCA, as
compared to HR from the IHRA. An elliptical,
exercise bike, basketball hoop, and Xbox
Kinect® Boxing were used for most partici-
pants; however, due to time constraints, Max

Figure 2. Average heart rate during each trial in the IHRA for each participant.
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did not participate in the basketball or boxing
activities, and Elaina did not participate in
basketball.

Procedure
The procedure was similar to the individual-

ized heart-rate assessment, but there were only
three active trials, separated by still periods,
within each session. The order of trials within a
session was as follows: still – active – still –
active – still – active – still. Immediately prior
to the active trials, the following instruction
was given to the participant: “Engage in the
activity as you normally would.” The stability
criterion for switching between active and still
trials within a session was identical to the indi-
vidualized heart-rate assessment (i.e., no visible
trend across the last 60 s), with the first still
and active trial lasting for at least six 20-s
blocks. The decision to switch activities (type
of machine/exercise) in this assessment was
dependent on either no trend or a slight nega-
tive trend in HR across successive active trials,
as evidenced by the mean HR in each active
trial. As in the IHRA, mean HR did not
include the first 60 s of each trial. For some
participants, multiple sessions on a single activ-
ity were needed to establish a stable baseline.
The HR measures gathered in the activity
assessment were then compared to the measures
of the IHRA (i.e., personalized MPA and VPA
zones).
Unlike the other activities listed, the HR

engendered by engaging in Xbox Kinect® Box-
ing was potentially subject to skill level. Thus,
the game difficulty was varied to assess whether
each participant’s skill influenced HR measures.
Also, the criterion of the last three 20-s blocks
being stable to end each active trial was not
used during boxing sessions; instead, an active
phase for the boxing game was defined as
playing an entire game of boxing, which
included three 90-s rounds. The game itself
had programmed breaks (approximately 10 s)

between rounds. The breaks between rounds
conflicted with the stability criterion to change
trial type within sessions, so each game of box-
ing was played until the participant lost or won
(by “knockout”), or the three 90-s rounds
timed out, whichever came first.

Results and Discussion
Mean HRs for each participant during ellip-

tical exercise are shown in Figure 3. Across
active trials, Lacy’s mean HR for elliptical exer-
cise (top left) was 156 BPM (range = 153-162
BPM). Mark’s mean HR (top middle) across
active trials was 147 BPM (range = 139-153
BPM). Max’s mean HR (top right) was
140 BPM (range = 124-157 BPM). Multiple
elliptical sessions with Elaina (bottom panel)
were necessary because of an increasing trend
in HR within the first and second elliptical
sessions, which eventually stabilized during
her third elliptical session. For that third
session, she had a mean HR of 152 BPM

Figure 3. Average heart rate during elliptical exercise
for each participant. Shaded regions indicate the different
individualized heart rate zones (still [Sz], moderate [Mz],
and vigorous [Vz]) for each participant.
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(range = 140-163 BPM). With the exception
of Elaina’s first session, participants did not
reach their Vz minimum HR when instructed
to exercise normally. On average, across partici-
pants, HRs were 16 BPM below the Vz mini-
mum during active trials, suggesting that VPA
engagement on the elliptical was not in the par-
ticipants’ baseline repertoire. However, HR
increased above the Mz maximum during
active trials for all participants, with the excep-
tion of Max’s second active trial.
Figure 4 shows mean HRs for each partici-

pant while exercising on the stationary bike.
Across participants, except for Lacy, HR was
relatively low for the bike exercise. Because of
these low HRs, additional bike sessions were
conducted for most participants. However, sim-
ilar HR levels were observed across replications
with each participant. As with the elliptical,
HR did not reach the Vz minimum for any
participants when instructed to exercise nor-
mally on the bike. Excluding Lacy, HR was
38 BPM below the Vz minimum on average
across participants. Lacy’s HR was only

15 BPM below the Vz minimum; however, it
is highly likely that HR on the last active trial
for both bike sessions was influenced by extra-
neous factors in the testing environment
(e.g., her father entered the session area on the
last active trial of day 1). Additionally, aside
from Lacy, no participant’s HR was consis-
tently elevated above the Mz.
Mean HR for Lacy and Mark during basket-

ball engagement is shown in Figure 5. With
only an instruction to exercise normally, HR
was relatively high as compared to the other
activities. Lacy’s mean HR (left panel) for bas-
ketball engagement was 163 BPM across active
trials (range = 152-169 BPM). Mark’s mean
HR (right) for basketball engagement was
157 BPM (range = 140-166 BPM). On aver-
age, HR was approximately 7 BPM below the
Vz minimum across both participants. Lacy’s
still HR for the basketball activity was unusu-
ally high (M = 127 BPM), which might indi-
cate that more rest time was needed between
active trials. The basketball activity may have
engendered higher baseline HRs because it was
the only activity that did not constrain the
range of motion for the participants. Mark’s
HR tended to decrease across active trials dur-
ing each of the previously listed activities. This
trend was observed in basketball engagement as
well, in spite of Mark voicing that basketball
was a preferred activity.

Figure 4. Average heart rate during bike exercise for
each participant. Shaded regions indicate the different
individualized heart rate zones (still [Sz], moderate [Mz],
and vigorous [Vz]) for each participant.

Figure 5. Average heart rate during basketball exercise
for Lacy and Mark. Shaded regions indicate the different
individualized heart rate zones (still [Sz], moderate [Mz],
and vigorous [Vz]) for each participant.
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Figure 6 shows mean HRs during the boxing
activity for all participants except Max. Any ses-
sions with fewer than three active trials indicate
that the participant asked for the session to be
terminated. Lacy’s mean HR (top panel) during
the boxing activity was 149 BPM across ses-
sions and active trials (range = 136-165 BPM).
Mark’s mean HR during boxing was 135 BPM
(range = 125-150 BPM), and Elaina’s mean
HR during boxing was 155 BPM (range = 140
-170 BPM). Overall, HR during boxing was
consistently above the Mz maximum for each
participant. As previously mentioned, the game
difficulty was altered to determine the extent to
which skill level might influence HR. The
levels of the game ranged from Level 1 to Level
4, but Levels 1 and 4 were not evaluated

because the participant would either win too
quickly (Level 1) or lose too quickly (Level 4).
There was no difference in HR evident across
difficulty levels for any participant. Nonethe-
less, the HRs engendered by the boxing activity
were similar to those of the elliptical, with HR
stabilizing above the Mz maximum and below
the Vz minimum.
The activity assessment showed that different

exercises available to the children at the YMCA
engendered a relatively wide range of HRs. A
hierarchy of exercise effectiveness across partici-
pants with regard to baseline HRs (least to
highest HR) were as follows: bike (M = 132.4),
boxing (M = 146.8), elliptical (M = 152.1),
and basketball (M = 160.4). Although children
at the YMCA are encouraged to exercise, these
results show that the children may not be
exercising with enough intensity to meet the
CDC’s exercise recommendations for vigorous
exercises. Time engaged in those activities
would meet the requirement for moderate exer-
cise. The use of exercise machines (i.e., bike
and elliptical), which restrict the overall range
of motion and therefore limit involvement of
multiple muscle groups, lead to lower overall
HRs than exercises that allow for a broader
range of motion (i.e., boxing and basketball).
These results not only indicate that different
exercises have different effects on HR, but also
that vocal instructions to exercise in a particular
manner may influence exercise intensity, as
indicated by HR, on these machines. Thus,
more specific instructions may be needed for
participants to increase the intensity of their
exercise such that their heart rates may reach
Vz. As such, we evaluated the effects of an
instruction to exercise at vigorous levels on the
elliptical in the next phase.

PHASE 3: ACTIVITY INSTRUCTION

The purpose of this phase was to determine
if the participants could engage in the elliptical
exercise with enough energy expenditure such

Figure 6. Average heart rate during boxing exercise
for each participant in Phase 1. Shaded regions indicate
the different individualized heart rate zones (still [Sz],
moderate [Mz], and vigorous [Vz]) for each participant.
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that their HR reached the VPA (jogging) HR
zone when given an instruction to do so. We
were not only evaluating if the participants
could reach the VPA zone, but also if they
could sustain this level of PA when given no
feedback during engagement. Lacy and Mark
were included in this phase.

Procedure
The procedure for the exertion-specific

instruction condition was identical to the activ-
ity assessment except that the following instruc-
tion was given prior to the active trials: “Engage
with the activity similar to when you were jog-
ging.” To be considered in a target zone, the
participant’s HR had to be stable and above the
target zone minimum for at least six blocks
(i.e., 2 min) for three consecutive active trials.
Two to three trials of active engagement on the
elliptical were separated by still periods, as in the
previous phases. This condition was alternated
with the no exertion-specific-instruction condi-
tion, during which participants were told to
exercise as they normally would.

Results and Discussion
Figure 7 shows the block-by-block HR for

Lacy (top panel) and Mark (bottom panel) while
exercising on the elliptical during the instruction
evaluation. The exertion-specific instruction
increased HR to Vz levels for Lacy, but not for
Mark. The first exertion-specific instruction con-
dition for Lacy shows that her HR was within
her Vz, while also being relatively stable
(M = 175 BPM; Vz minimum = 170 BPM). In
the subsequent no-instruction condition, her HR
stabilized above the Mz maximum, but below
the Vz minimum, for three consecutive active tri-
als. The second exertion-specific instruction con-
dition was divided into two separate sessions,
denoted by the vertical dotted line, due to the
30-min daily time limit being reached prior to
the third active trial for the first session. Lacy’s
HR during the first session of the second

exertion-specific instruction condition (M = 160
BPM) was similar to the no-instruction condi-
tion (M = 158 BPM). However, the subsequent
exertion-specific instruction session resulted in
HRs that were greater than the first such instruc-
tion condition (M = 181 BPM). Thus, for Lacy,
there was a clear effect of vocal instructions to
exercise at a jogging intensity on the elliptical,
which resulted in her HR being similar to her
HR during jogging trials of the IHRA. Although
it is unclear how long her increased HR would
persist, there is at least some preliminary evi-
dence that exertion-specific instructions, in the
absence of contrived reinforcers, encouraged
more vigorous physical activity.
This effect was not evident with Mark. Dur-

ing the exertion-specific instruction phase,
Mark’s HR (M = 130 BPM) was lower than
his HR during the activity assessment with no

Figure 7. Raw heart rate recordings (BPM) across
20-s blocks in the instruction phase for Lacy and Mark.
Phase-change lines denote a change in condition with an
exception being Lacy’s third phase-change line, which
denotes a separate day during one condition. Shaded
regions indicate the different individualized heart rate
zones (still [Sz], moderate [Mz], and vigorous [Vz]) for
each participant.
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instruction (M = 144 BPM). A third active trial
for Mark’s instruction session was not included
because he did not cooperate during the ses-
sion, which led to the session being terminated.
One potential explanation for the lack of an
instructional effect is that there was not suffi-
cient reinforcement to encourage further exer-
tion. Thus, for some children, presenting a
contrived, perhaps tangible, reinforcer contin-
gent on increasing exertion, and thus HR, may
be necessary.

GENERAL DISCUSSION

In the current study, we assessed an alterna-
tive approach to characterize physical activity in
children by exclusively measuring HR. We
observed individual differences in HR even
though participants were engaged in topograph-
ically similar activities (i.e., standing or sitting,
walking, and jogging). For example, average
HRs ranged from 122 to 136 and 174 to
185 BPM during walking and jogging, respec-
tively. Although these data do not demonstrate
as wide a range as previous studies (e.g., 152 to
195 BPM while jogging for participants in
Larson et al., 2011 and Van Camp & Berth,
2018), as a whole, these individual differences
highlight the importance of taking individual-
ized measures of HR into account when trying
to determine the efficacy of any one exercise.
This assessment allowed us to determine indi-
vidualized HR zones for moderate and vigorous
PA, to which other less-structured activities
could be compared in the subsequent activity
assessment. In the activity assessment, HR for
all participants was typically above MPA levels.
Additionally, we determined a hierarchy of
exercises that engendered differential HRs
indicative of MPA among those activities avail-
able to the children at the YMCA. This sug-
gests that certain activities may require more or
less training for a child to exercise with enough
intensity to reach VPA levels. For example, we
found that, on average, exercises that restrict

overall range of motion (i.e., elliptical, bike)
were associated with lower HRs relative to
other less restricting activities (i.e., basketball,
boxing), indicating more training may be nec-
essary for a child to exercise at MVPA or VPA
levels during these activities. This hierarchal
summary must be interpreted with caution,
though, as only four participants were included
in the study. Nevertheless, the procedures
described in this study could be used to deter-
mine individualized hierarchies for a variety of
other activities.
Although it was not a primary aim of the

current study, it is worth noting the similarity
in HR found between Kinect Boxing and the
other, more traditional, exercises
(e.g., elliptical). Active video games, or exe-
rgames, have become a topic of increasing
interest due to their effectiveness in promoting
physical activity in children (see Lamboglia
et al., 2013, for review). We found that HRs
during boxing exercise were at or above the
MPA range for each participant across observa-
tions. Similar HR levels have been reported
using other Xbox Kinect games with children
(Mills et al., 2013). This research extends pre-
vious work by Miltenberger and colleagues
(Fogel, Miltenberger, Graves, & Koehler,
2010; Shayne, Fogel, Miltenberger, & Koehler,
2012) who not only showed that exergames
provided more opportunities for PA than regu-
lar activities in physical education classes, but
that they also are generally preferred over com-
mon exercises available during such classes.
This preference for and increased PA opportu-
nity afforded by exergames was also indepen-
dent of the novelty of exergaming (Shayne
et al., 2012). Thus, exergames may provide a
preferred method of exercise for children that
also increases HR to beneficial levels. Future
research could evaluate the extent to which exe-
rgame preference and HR interact. For exam-
ple, it would be interesting to determine if
highly preferred exergames result in higher HR
than less preferred exergames.
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This study highlights several advantages to
using HR when measuring PA. First, whereas
step counts are largely context-dependent
(Washington, Banna, & Gibson, 2014), HR
could be considered a more sensitive measure
for assessing a wider range of activities. In stud-
ies measuring steps, participants are typically
asked to increase their steps by increased ambu-
lation alone. Using HR gives the researcher a
broader range of activities to utilize, and, if
applicable, gives the participant an opportunity
to select a more preferred method of exercise to
meet a given treatment goal. Additionally, vari-
ous HR monitors can display HR on a strap
worn on the wrist of the participant
(e.g., Larson et al., 2011), which could be used
for self-monitoring purposes, similar to acceler-
ometers. Second, measuring HR allows for a
determination of caloric expenditure. For exam-
ple, Donaldson and Normand (2009) designed
an intervention consisting of goal setting, mon-
itoring, and feedback based on caloric expendi-
ture derived from measures of HR; thus, HR
could also be used in interventions targeting
weight loss.
Regarding directions of future research, a

third advantage of using HR is that it is condu-
cive to biofeedback interventions. Biofeedback
involves measuring some physiological process
and increasing the salience of that process to
the participant by direct or indirect feedback
(e.g., Shaykevich, Grove, Jackson, Landers, &
Dimmock, 2015). The chief advantage of bio-
feedback interventions is that feedback can be
provided to the participant without inter-
rupting exercise. Self-management and contin-
gency management strategies, although they
can improve overall patterns of exercise, have
used step counts almost exclusively. When
feedback is provided in these interventions, it
typically occurs after exercise has stopped
(e.g., at the end of recess; Hayes & Van Camp,
2015) or at the end of the day when a new step
total is calculated (Washington et al., 2014).
Although this type of feedback increases total

steps and establishes a more consistent pattern
of overall exercise, it does not address the
extent to which exercise approximates MVPA
during acute bouts of exercise. For example,
HR biofeedback may improve how quickly HR
reaches MVPA levels and may also reduce HR
variability during exercise.
At present, only two studies have used HR

biofeedback with children in the interest of
improving children’s amount of PA or estima-
tion of their PA (Conley, Gastin, Brown, &
Shaw, 2011; McManus et al., 2008). Though
HR biofeedback did not increase the accuracy
of children’s estimates of their time spent in
the target HR zone (Conley et al., 2011), bio-
feedback did produce modest increases in total
daily time spent above 140 BPM in a relatively
large sample of children (McManus et al.,
2008). From a programmatic perspective, HR
biofeedback appears to be an effective strategy
to improve children’s PA (McManus et al.,
2008); however, the extent to which individual
bouts of children’s PA are affected by HR bio-
feedback remains unclear. Furthermore, it is
unclear how different activities like those used
in the current study affect HR biofeedback out-
comes, representing useful targets for future
inquiry.
There were several limitations of the current

study worth highlighting. One of the primary
limitations was the relatively low number of
sessions conducted with each participant. Lim-
ited session time and the participants’ unwill-
ingness to engage in exercise on certain days
limited the overall number of sessions we could
conduct. Total daily session time was limited
to 30 min by the IRB, which made it some-
what difficult to conduct all of the necessary
trials in one day. This was particularly true dur-
ing IHRA sessions in which certain participants
had highly variable HR during still periods. For
example, the final still period during Lacy’s
IHRA session could not be completed because
her final jogging period terminated during the
last minute of that session due to the prolonged
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duration of her third and sixth still periods.
Another potential limitation regarding the
IHRA is that we did not replicate the IHRA
session for any participant. Although we would
not expect substantial drift in jogging and walk-
ing HR, more confident estimates of VPA and
MPA HR zones may have been possible.
In conclusion, this study is one of the first in

the applied behavior analytic literature to use
HR as the primary measure in an assessment of
PA in children. The IHRA indicated individual
differences in moderate and vigorous HR
ranges, which suggests that such assessments
may be necessary when using HR to determine
whether a participant has reached beneficial
moderate or vigorous levels. In addition, having
individualized HR zones allowed us to deter-
mine baseline exercise levels when children
were engaged with various equipment available
at the YMCA. Such assessments can be used to
evaluate the extent to which any one activity
engenders HRs within beneficial levels. Our
assessment strategy was also sensitive enough to
capture HR differences across activities,
suggesting that the chosen activity for a given
study or participant may influence the results
of baseline assessments or the efficacy of a given
intervention.
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