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ABSTRACT

Objectives Research has shown that having adequate
quantity and quality of physical activity can contribute

to the health and well-being of children. Nonetheless,
existing tools to measure these constructs in children
have limitations in terms of their objectivity and scalability.
In this study, we provide criterion validity evidence of

two systems built on commercially available sensors (ie,
gyroscopes and infrared cameras), designed to measure
children’s moderate-to-vigorous physical activity and
fundamental movement skill proficiencies.

Design Cross-sectional.

Setting Primary schools in Hong Kong.

Participants Data from 30 (age=8.55+1.25 years) and
1174 (age=9.15+1.63 years) children were included

for the validation of physical activity and fundamental
movement skills measures, respectively. Children’s
outcomes were simultaneously measured using the
developed systems and existing, well-established
measures (accelerometers and expert ratings).

Results We found a strong correlation between physical
activity outcomes measured using our developed system
and accelerometers (Pearson r=0.795). Motor skill
proficiency scored using our real-time rating system

had strong agreement with expert ratings (percentage
agreement=84%-94%, kappa=0.661 to 0.859).
Discussion Results of the current study supported the
application of the respective systems in physical education
and large-scale research studies. Collection of such data
at mass levels could help researchers depict the complex
relation between children’s quantity and quality of physical
activity.

INTRODUCTION

Regular engagement in physical activity (PA)
is related to a myriad of beneficial health
outcomes in children." One construct previ-
ously found to be related to PA engagement

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Used well-established tools (ie, accelerometry for
physical activity, expert ratings of recorded funda-
mental movement skills) to generate comparative
measure to examine criterion validity of developed
tools.

= Measurements taken in real-life school settings.

= Application of accessible, consumer grade devices.

= Modest validation sample size for physical activity
measures.

in children and adolescents is fundamental
movement skills (FMS).?* FMS comprise of
basic movements such as balancing, running,
jumping, throwing and catching. They are
considered as the ‘building blocks’ for more
complete movement skills or patterns that
are required for common sport and exercise
activities. As such, children who are compe-
tent in FMS may be able to take up complex
sport skills more easily and rapidly. This will
potentially enhance their current and future
participation in sport and PA.*”

Typically, FMS can be broadly categorised
into three types, namely stability, locomotor
and ball skills. Stability skills involve one’s
ability to maintain balance under various
static postures (eg, stand on one leg) or in
motion (eg, twisting). Locomotor skills refer
to movement skills that involve the transfer
of body position from one point to another
(eg, running and jumping), while ball skills
(also referred to as object control skills) refer
to one’s ability to effectively manipulate balls
or other related objects (eg, rackets and
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bats). Research has shown that children and adolescents’
PA might be related to their competence in locomotor
skills, or ball skills or both.!! Some researchers have also
found that competence in these skills may contribute to
other health and well-being outcomes.” '* However, in a
meta-analysis, Barnett ¢t af’ suggested that there was insuf-
ficient evidence to support PA and FMS competence of
children being associated. The mixed findings in the liter-
ature suggest that the relation between these constructs is
complex and warrants further investigation. Nonetheless,
standardised, objective and low-cost measurement tools
for these outcomes had been lacking previously. Such
measurement issues limit generalisability and compara-
bility of research findings, and in turn limit the scale and
design of potential studies aiming at depicting the associ-
ation between PA, FMS and other constructs.

Measurement of physical activity and fundamental movement
skills

With a goal of improving children’s health and well-
being, it is imperative for researchers and practitioners
(ie, physical education teachers) to monitor children’s PA
and developments in FMS effectively and efficiently. In
the extant literature, there are many established methods
for measuring these key constructs. For example, PA of
children could be measured using self-report question-
naires or objective measures, such as pedometers or
accelerometers.!® These measures, nonetheless, have
their shortcomings. For example, self-reported question-
naires are susceptible to recall difficulties or reporting
biases. Accelerometers, by contrast, provide data that are
valid and objective, yet they are typically administered for
shorter periods (eg, 5—14 days) and involve heavy data
processing, and hence are not appropriate for mass appli-
cation over extended periods. As such, some researchers
have turned to Internet of Things (IoT) for the acquisi-
tion of PA data.'* ' For example, smartphones or wrist-
worn activity trackers paired with mobile devices could be
used for data collection and transfer over the cloud for
research purposes. Such approaches could be adopted for
large-scale studies involving continuous activity tracking.
Nonetheless, to the authors’ knowledge, most of these
systems require each user to possess a mobile phone for
data transfer. Despite the accessibility of mobile devices
to adults nowadays, most primary school-aged children
do not own such devices. Hence, continuous tracking of
children’s PA in a large scale remains to be a challenge
for researchers.

Measurement of children’s FMS also has its challenges.
Currently in the literature, there are two approaches
of measuring FMS. Product-based assessments typically
involve measuring the time or score generated from
completing a series of movement tasks or an obstacle
course.'”"® Whereas process-based measures encompass
those that are scored based on whether children met
preset criteria during their performance of movement
skills.'” Generally speaking, product-based assessments
have the advantage of being less time-consuming and

Figure 1 The Fun to Move@JC Sport Band.

requiring less expertise, in terms of movement educa-
tion, of assessors. By contrast, process-based assessments
put more emphasis on the quality of movement, and
many of them require trained experts to conduct the
scoring, hence the scores derived would be susceptible to
interrater differences. Furthermore, most protocols also
require movement behaviours to be video-recorded and
rated retrospectively. Accordingly, the time required to
complete ratings would also be longer.

To address the challenges and shortcomings of PA and
FMS measurements, in particular the barriers to rapid
and mass collection of reliable and valid data related to
the quantity and quality of children’s PA, two systems
were developed to collect data for the two constructs,
respectively, in a large sample of primary school-aged
children. Both data collection systems were developed
under the Fun to Move@]C project.” Fun to Move@]C
is a project designed to enhance PA, or more broadly
physical literacy,” of primary school-aged children
and their parents in Hong Kong. Apart from providing
teacher professional development training and provision
of resources to support PA of children in schools and at
home, the introduction of information technology to
support physical education and children’s PA engage-
ment was also a key objective of the project. In particular,
a system was developed to measure PA of children and
parents using the Fun to Move@]C Sport Band (figure 1),
a wrist-worn activity tracker developed under the project.
In parallel, a Fundamental Movement Skill Rater (FMS
Rater; figure 2) was developed to provide rapid, objec-
tive assessments for children’s FMS. In this paper, we will
provide the underpinnings of the two developed systems
and evidence to support the criterion validity of data
collected correspondingly.
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Figure 2 The user interface of the fundamental movement
skill rater.

Fun to Move@JC Sport Band

The Fun to Move@]C Sport Band is an IoT system devel-
oped to collect PA. The developed device is a wrist-worn
activity tracker which measures time-based step counts.
Specifically, step counts recorded by the device are stored
in 15 s epochs. Each epoch of time-based step counts,
when transferred to the cloud-based data platform, will
be converted to a corresponding PA intensity (eg, light,
<3 metabolic equivalent; moderate-to-vigorous, >3 meta-
bolic equivalent) using a big data engine developed for
the project. The cut-oft values for PA intensities were
derived through a series of calibration tests with primary
school-aged children, conducted in both laboratory
and field settings, using results from accelerometry and
cardiopulmonary testing as criterion measures. Data
stored in the devices can be transferred to the servers
using a companion mobile application. Alternatively, to
reduce the reliance on mobile devices for children, Sport
Band data are also synchronised to our cloud servers
using gateways placed in classrooms of children. Specifi-
cally, Raspberry Pi (Raspberry Pi Foundation, Cambridge,
UK) devices were programmed to serve as data transfer
gateways. Data stored in Sport Bands in proximity (ie,
inside the classroom) will be downloaded to the gate-
ways, and then transferred to our cloud servers. This data
transfer protocol eliminates the need for mobile devices,
which most children do not possess, to gather data from
the deployed wearables.

Fundamental movement skills rater

The rating system developed scores children’s perfor-
mances in various FMS using a process-based approach.
Movement skills performed are captured using the Kinect
(Microsoft, Washington, USA) infrared video camera,
and scored using a set of rule-based criteria adopted from
the Test of Gross Motor Development V.3 (TGMD-3).*
Specifically, children are asked to perform either a loco-
motor or ball skill facing the camera. Markers were placed
on the floor to guide students to their starting position
for the assessments. Except for the lead-in run for the skill
Kick, all movement skills were performed approximately

Table 1 Demographic information of participants
Boys Girls
N N
Validation sample for physical
activity (n=30)
By age range
6-7 years 7 2
8-9 years 7 10
10-11 years 2 1
12 years or above 0 1
By School grade
Lower primary (grades 1-2) 10 7

Middle primary (grades 3-4) 6
Upper primary (grades 5-6) 0 1

Validation sample for
fundamental movement skills

(n=1174)

By age range
6-7 years 148 169
8-9 years 281 231
10-11 years 159 123
12 years or above 26 37

By school grade
Lower primary (grades 1-2) 261 260
Middle primary (grades 3-4) 335 151
Upper primary (grades 5-6) 318 149

3-5 m from the camera to ensure body joints can be accu-
rately tracked by the sensor. The 3D coordinates of joints
are captured using Kinect, and the movement sequences
will be scored against a set of preset criteria (see table 1).
Another Kinect-based system had been developed to
measure FMS in the past” and has shown promising
results. However, the previous system® only measured
locomotor skills, whereas the current FMS Rater has the
capacity to measure both locomotor and ball skills. The
current system provides real-time scoring of skills, and
therefore increases the efficiency of FMS assessments,
and can also be used as a tool to support teachers’ instruc-
tion during physical education. The scores and videos
captured from all assessments are uploaded to the same
data platform that stores Sport Band data. All captured
data can be reviewed by physical education teachers
and summarised through a web-portal. As such, phys-
ical educators could track the performances of children,
either individually or collectively, over time.

In the current study, we provide criterion validity
evidence of PA and FMS outcomes measured using the
Fun to Move@]C Sport Band and FMS Rater, respectively.
In terms of the validity evidence for the FMS Rater, the
current paper focuses on that in relation to ball skills, as
results from a similar system for locomotor skills had been
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reported previously.” We also examined the associations
between PA and FMS outcomes in a sample of primary
school-aged children. We hypothesised that moderate-
to-vigorous physical activity (MVPA) measured using the
Sport Band will be positively associated with FMS scores.

METHOD

Patient and public involvement

The public was not involved in the design, or conduct, or
reporting, or dissemination plans of our research.

Participant and procedures

All participants in this cross-sectional study were attending
primary schools in Hong Kong. Parents of all participants
provided written informed consent to take part in the
Fun to Move@]C project and the studies described in this
paper. All research protocols of the study were reviewed
and approved by The Joint Chinese University of Hong
Kong—New Territories East Cluster Clinical Research
Ethics Committee (Ref.: 2017.515). The validation
sample for the Sport Band included 30 children (53%
boys; mean age=8.55+1.25 years; see table 1 for details).
Participants were invited to wear the Sport Band on the
wrist, and a wGT3X-BT (ActiGraph, Florida, USA) at their
right hip simultaneously over a 7-day period. Data for
MVPA measured using the research-grade accelerometers
were extracted using standardised criteria for children.**
Daily accelerometer-measured PA was considered valid if
participants wore the devices for at least 480 min (ie, 8
hours) within the day. By contract, Sport Band data for
a day were considered valid if (i) there were at least 240
non-zero 15 s epochs and (ii) the first and final non-zero
epochs of the day were at least 8 hours apart. The unit of
output and analyses was children’s time spent in MVPA
per calendar day. Therefore, larger values for this contin-
uous variable represent engagement in more MVPA. Data
collected using both sets of devices over a 7-day period
were used for comparison purposes.

The validation sample for the FMS Rater included
1174 children (52% male; age=9.15+1.63 years; see
table 1 for details) from grades 1-6. Measurements were
administered during school physical education classes
by trained research assistants. Due to time constraints,
each child only completed assessments for one to three
ball skills during one physical education lesson. For each
assessment, children were first shown a video containing
a ‘correct’” demonstrating of the skill, and were then
asked to replicate the skill. Children performed each
skill once, and their performances were rated using the
FMS Rater. In addition, the same performances were also
video-recorded and rated using traditional observational
methods. These ratings were conducted by two expert
raters independently, where each child’s performance
was rated by one of the raters only. The raters were grad-
uates of sports science and physical education and were
trained by the authors to assess FMS. Specifically, both
raters received a 1 hour training by an author of the

paper. During the training session, they were introduced
to general methods of conducting process-based assess-
ment of motor skills and were guided through the assess-
ment criteria for all skills. At the end of the training, the
raters were provided with, for each skill, 8-10 video clips
of children’s FMS performance. The trained raters were
then asked to rate all skill performances based on the set
criteria individually. Their scores were then compared
with a set of results that were agreed between multiple
authors of the study. Accordance with previous practice,’
both raters have established over 90% coding reliability
with the authors when applying the TGMD-3.** Prior to
this study, the two raters had 2 and 5 years of experiences,
respectively, in FMS assessments on several hundreds
of children using the TGMD-3. Since some assessment
criteria were modified to align with those used in the FMS
Rater in this study, a pilot test was conducted specifically
for this study. The two raters each rated 20 children perfor-
mances per skill independently, and their scores reached
an agreement above 90% for each skill. They also met
and discussed discrepancies in their ratings, and agreed
to standardised approaches for scoring in this study. To
examine the criterion validity, scores derived from the
FMS Rater were compared with ratings conducted by
expert raters. Scores by criteria within each skill, and the
overall skill score, were used for statistical analyses.

Data analyses

Pearson correlation was calculated to determine the
strength of the linear association between MVPA scores
captured using accelerometers and Fun to Move@]C
Sport Bands. Data for a day were included for analyses
only if the corresponding accelerometer-measured and
Sport Band-measured MVPA were considered valid. In
terms of FMS data, the percentage agreement and kappa
coefficients for criteria of each skill (parameterised as
O=criterion not met; l=criterion met), scored by the
FMS and expert raters, respectively, were calculated. The
kappa coefficient accounts for expected agreement by
chance and hence is a more robust measure for exam-
ining agreements.”” In this study, kappa values between
0.60 and 0.79 were treated as moderate, while those above
0.80 were considered strong.”

As an exploratory attempt, we also examined the rela-
tion between children’s Sport Band-measured MVPA
and FMS scores derived from the developed rating
system. Data for this analysis were drawn from the cloud
storage, where data collected from both systems were
synchronised to. To ensure the representativeness of the
collected data, we only included data from children who
had valid Sport Band data (using the criteria mentioned
above) on at least 5 weekdays and 2 weekend days. To
account for differences in terms of children’s attributes
and skill difficulty, FMS scores were standardised by skill,
and by children’s grade and sex prior to analyses. Specif-
ically, the score of each FMS assessment was converted
to a z-score based on the child’s grade level, sex and the
skill. An aggregated score for FMS was then calculated by
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taking the mean of z-scores from all assessments. Pearson
correlation between MVPA and FMS scores was then
computed to examine the linear relation between these
two outcomes.

RESULTS

Validation of sport band scores

Under free-living conditions, participants provided 55%
and 78% of valid daily accelerometer and Sport Band
data, respectively. In combination, valid information
on both devices were obtained in 93 (44%) participant-
days. All participants had at least 1 day with both valid
accelerometer and Sport Band data, which were used
for comparison purposes. Within this sample, five chil-
dren reported playing piano while wearing the Sport
Band. Similar to many wrist-worn devices, the forearm-
only movements involved in instrument playing would
also be categorised as PA behaviours, leading to overesti-
mates of overall MVPA. Therefore, for the purpose of the
current paper, data from these children were removed,
resulting an effective sample of 25 children. In this final
sample, the mean MVPA measured using accelerometers
and Sport Band were 43.8+25.0 min and 49.2+20.4 min,
respectively. That is, compared with accelerometers, the
MVPA measured using Sport Bands overestimated by 5.41
min per day.

The Pearson correlation between accelerometer-
measured and Sport Band-measured MVPA was r=0.795
(p<0.001). However, results of the Shapiro-Wilk test
suggested that both sets of data were non-normal
(ps<0.05). As such, the Spearman correlation between
the two measures was calculated. A significant correla-
tion between was also found with Spearman’s p=0.460
(p=0.021).

Validation of FMS rater scores

The overall percentage agreement between ball skill
scores measured using the FMS Rater and those scored
by expert raters were between 84% and 94%, while the
corresponding kappa coefficients were between 0.661
and 0.859 (detailed results are presented in table 2).
Within the developed assessment schemes for the seven
skills, five included exactly one criterion that was scored
by the test administrator, as these criteria either involved
fine bodily movements or ball movements that cannot
be detected by the infrared sensor. When the ratings for
these assessment criteria were excluded, the percentage
agreements ranged between 80% and 91%, while the
kappa coefficients were from 0.508 to .821.

Additional analyses: association between sport band and FMS
rater scores

We examined the association between Sport Band-
measured MVPA and FMS scores measured using the
FMS Rater between May and July 2021. During this
period, 75 children had both valid Sport Band and FMS
data collected. The Pearson correlation between Sport

Band-measured MVPA and standardised FMS scores (by
students’ sex and grade level) was r=0.217 (p=0.067).

DISCUSSION
While the application of information technology to
assist teaching in contemporary education has risen, less
research and development had been placed on physical
education specifically. As such, we developed a series of
tools that could be applied to physical education class-
rooms and beyond to measure the quantity (ie, MVPA)
and quality (ie, FMS) of children’s PA. In this study, we
provided criterion validity evidence of the Fun to Move@
JC Sport Band and FMS Rater to measure children’s MVPA
and FMS proficiency, respectively. We demonstrated that
MVPA measured using our Sport Band was strongly asso-
ciated with accelerometer-measured outcomes. Also, chil-
dren’s FMS measured using the FMS Rater also showed
moderate to strong consistency with expert-rated scores.
In the extant literature, accelerometers are one of the
most common objective measure of PA with strong validity
evidence. Despite its accuracy, administrating acceler-
ometers to a large population, especially for extended
periods, is challenging due to the complexity in terms of
data extraction and analyses. Such difficulties can some-
times be overcome by using wrist-worn activity trackers
or smart watches,”® yet data collection would rely on
participants having compatible mobile devices, and being
compliant to synchronising data regularly. For primary
school-aged children, these remain to be important
barriers. Nonetheless, the Fun to Move@]C Sport Band
has potential of overcoming these challenges due to the
simplified data collection approach employed. In this
study, we found that data collected from Sport Bands are
strongly related to accelerometer-measured MVPA, while
also being able to capture valid data on a higher propor-
tion of days compared with its counterpart (78% vs 55%).
We acknowledge that the compliance rates of accelerom-
eters have been low when compared with other studies
conducted locally.27 * Nonetheless, the valid rate of Sport
Band in the current study is comparable to, or better than,
accelerometer compliance in previous studies. In fact,
previous research has shown that wrist-devices, compared
with hip-worn devices, may lead to better compliance.”
Therefore, our results suggest that the developed device
can be used for long-term monitoring of children’s PA.
With regard to results related to the FMS Rater, our
results suggested that assessment results of ball skills from
the developed system have a high level of agreement
with expert ratings. Using simple biomechanical princi-
ples, this application allows teachers to provide real-time
assessment to children’s performances in FMS. In fact,
physical educators cited the lack of FMS knowledge, insuf-
ficient support and time requirements as major barriers
to assessments of these skills at schools.” The developed
FMS Rater has potential to overcome these barriers since
the tool does not require teachers to have an in-depth
knowledge in FMS. The time required to complete the
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Table 2 Scoring criteria of the fundamental movement skill rater and the respective rating accuracies based on performances
of 1174 children

Ratings Percentage

Ref Scoring criteria compared agreement (%) Kappa 95% CI
Catch 669 88 0.724 (0.667 to 0.781)
Cri1  Preparation: hands are positioned in front of the body with the 223 84 0.594 (0.474t0 0.714)
elbows flexed
Cri2  Arms extend reaching for the ball as it arrives 223 81 0.570 (0.458 to 0.682)
Cri3  Ball is caught by hands only (rated manually) 223 100 1.000 -
System-rated criteria only (Cri1, Cri2) 446 82 0.580 (0.498 to 0.662)
Dribble 921 86 0.672 (0.619 to 0.725)
Cri1  Contacts ball with one hand between knee and chest levels 307 77 0.414 (0.300 to 0.528)
Cri2  Pushes the ball with fingertips, and not with the palm (rated 307 100 1.000 -
manually)
Cri3  Maintains control of the ball for four consecutive bounces 307 82 0.589 (0.491 to 0.687)
without moving the feet
System-rated criteria only (Cri1, Cri3) 614 80 0.508 (0.433 to 0.583)
Kick 732 84 0.661 (0.606 to 0.716)
Cri1  Rapid, continuous approach to the ball 183 89 0.143 (-0.036 to 0.322)
Cri2  Takes an elongated stride or leap just prior to ball contact 183 86 0.553 (0.402 to 0.704)
Cri3  Non-kicking foot placed close to the ball 183 78 0.487 (0.363 t0 0.611)
Cri4  Follows through after contact with ball 183 85 0.608 (0.480 to 0.736)
One-hand forehand strike 1252 91 0.811 (0.778 to 0.844)
Cril  Takes a backswing with the paddle when the ball is bounced 313 94 0.872 (0.817 to 0.927)
Cri2  Steps forward with opposite foot 313 85 0.674 (0.592 to 0.756)
Cri3  Ball struck hits the wall without bouncing (rated manually) 313 100 1.000 -
Cri4  Hitting arm follows through towards opposite shoulder 313 84 0.655 (0.567 to 0.743)
System-rated criteria only (Cri1, Cri2, Cri4) 939 88 0.740 (0.697 to 0.783)
Overhand throw 1440 86 0.717 (0.682 to 0.752)
Cri1  Initiate windup with a downward movement of arm 288 90 0.712 (0.616 to 0.808)
Cri2  Rotates hip and shoulder to a point where the back faces the 288 79 0.584 (0.490 to 0.678)
wall
Cri3  Steps forward with the opposite foot 288 92 0.816  (0.743 to 0.889)
Cri4  Rotates body forward to release the ball 288 87 0.642 (0.538 to 0.746)
Cri5 Throwing hand follows through after ball release, across the 288 82 0.641 (0.555 to 0.727)
body towards the hip of the non-throwing side
Underhand roll 1300 94 0.859 (0.830 to 0.888)
Cri1 Arm swings down and back, reaching behind the trunk 325 91 0.761 (0.681 to 0.841)
Cri2  Steps forward with opposite foot 325 94 0.865 (0.808 to 0.922)
Cri3 Bends knees to lower body 352 90 0.746 (0.666 to 0.826)
Cri4  Released ball rolls along the floor and does not bounce (rated 325 100 1.000 -
manually)
System-rated criteria only (Cri1, Cri2, Cri3) 975 91 0.821 (0.784 to 0.858)
Underhand throw 1100 90 0.760 (0.717 to 0.803)
Cri1  Arm swings down and back reaching behind the trunk 275 87 0.362 (0.209 to 0.515)
Cri2  Steps forward with opposite foot 275 91 0.769 (0.683 to 0.855)
Cri3  Ball thrown hits the wall without bouncing (rated manually) 275 100 1.000 -
Cri4  Arm follows through after ball release to at least chest level 275 82 0.477 (0.355 to 0.599)
System-rated criteria only (Cri1, Cri2, Cri4) 825 87 0.713 (0.662 to 0.764)
Continued
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Table 2 Continued

Ref Scoring criteria

Ratings Percentage
compared agreement (%) Kappa 95% CI

Italicized rows refer to combined values for a skill, but with one criterion excluded.

Bold rows refer to combined values for a skill.

assessments, and that to receive feedback and results, can
also be reduced greatly. Also, the display on the FMS Rater
clearly indicates the criteria which children completed
successfully (or not). This reminds teachers what the key
criteria to a successful performance include, which can
also be used as instructional cues to assist their teaching.
In combination, physical educators’ assessment literacy
can be improved through using the rating system. In
turn, this may improve teaching practices and children’s
skill acquisition.”

Through continuous monitoring of children’s MVPA
and regular FMS assessments, researchers will have
an appropriate infrastructure to examine the associ-
ation between the interaction of these outcomes. In
fact, research examining the association between these
outcomes had resulted in inconsistent results. While
some studies found positive associations between these
outcomes, some others did not.® Holfelder and Schott’
suggested that other factors such as perceived skill
competence and socioeconomic status may also be salient
factors that are associated with FMS proficiency. By
greatly improving the efficiency and accessibility of FMS
assessments, large-scale studies will become less logisti-
cally challenging. Moreover, the continuous, long-term
stream of related data may allow researchers to examine
the causal or reciprocal nature of these variables.

Despite evidence supporting the validity of MVPA and
FMS measures, this study has several limitations. First, we
found that on days when participants reported playing
piano, their Sport Band-measured MVPA may be greatly
overestimated. In our study, such data were excluded
from the analyses, and hence such impact could be mini-
mised. The absence of such information would negatively
impact the validity of Sport Band-measured MVPA. In fact,
if these cases were not excluded, the correlation between
Sport Band-measured and accelerometer-measured
MVPA would be reduced to r=0.461. Therefore, when
used to examine cross-sectional associations, participants
should be asked to report whether they might have partic-
ipated in such activities, so their data could be appropri-
ately adjusted for. Further investigation is also needed to
examine how estimates for changes in MVPA over time
might be affected by activities involving upper arm move-
ments predominately.

Second, the sample sizes for some analyses in our study
were relatively small. Despite observing strong correla-
tions between Sport Band-measured MVPA and the
criterion measure, there is a need to expand the pool
of participants in terms of age and PA levels. Repeating
the procedures in a wider of participants will also expand

the external validity of our findings. Also, when exam-
ining the relation between Sport Band-measured and
FMS Rater-measured outcomes, there was only a modest
number of children (n=75) with data for both indicators.
Results from a post-hoc power analysis suggested that the
observed power for this analysis was 0.455, falling short
to the common benchmark of 0.80. As such, the results
of the current study should be interpreted with caution.
Unfortunately, this was partially due to the restrictions
and reductions to school physical education as a result of
the COVID-19 pandemic. In fact, most children with FMS
were only assessed on one to two skills. The overall scores
generated for comparison purposes may not be suffi-
ciently representative. To further examine the relation
between FMS and MVPA, more skills per child should be
assessed. If sufficient data become available, the relation
between distinct FMS and activity behaviours could also
be examined.

Information technology have greatly impacted our
education and general lives, but few developments on this
front have been made to support physical educators. In
this paper, we described and provided validity evidence
of two systems to measure primary school-aged children’s
PA quantity and quality, respectively. These systems allow
teachers and researchers to better understand children’s
physical developments and behaviours, which are related
to their health. The systems could benefit teachers by
improving the quality of their instruction and provision
of feedback to children. Researchers could lend on the
developed systems to examine interactions between chil-
dren’s activity behaviours, their motor developments,
physical fitness and other psychosocial variables (eg,
perceived competence and motivation). Finally, the
devices could promote self-monitoring of PA in children
and make PA and physical education more interesting
and fun. Consequently, children may become more active
and healthier, which is probably the most important and
desirable outcome.
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